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Abstract

The relationship between nutrition and oral health remains a vital component
of overall health. According to the Academy of Nutrition and Dietetics, oral
health and nutrition have a synergistic multidirectional relationship in human
health. The World Health Organization promotes a global oral health action
plan to reduce sugar consumption in 50 percent of countries by 2030, with
the aim of reducing overweight, obesity, chronic systemic infection, and
dental caries. The intersection between oral health and noncommunicable
chronic diseases is important because the oral cavity has a profound impact
on systemic health. With the National Institute of Health’s release of the
2021 book, Oral Health in America: Advances and Challenges, there is an
ongoing need for narrative reviews to describe research connections between
oral health and the prevention of cardiovascular disease, diabetes, rheumatoid
arthritis, respiratory disease, gastroesophageal reflux disease, and Alzheimer’s
disease. Because the microbiomes of the oral cavity, gut, and brain share
access to food and nutrients, a summary of microbiota activity can be helpful
for professionals when discussing dental caries and periodontitis with their
patients. The purpose of this paper is twofold: 1) to review current research
highlighting the relationship between chronic diseases and oral health, and 2)
to outline practical oral health, nutrition, and lifestyle strategies for dentists
and dietitians so they can talk about chronic disease prevention with their
patients and clients.
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Introduction

The relationship between nutrition and oral health remains a vital component
of overall health. According to the Academy of Nutrition and Dietetics [1],
oral health and nutrition have a synergistic multidirectional relationship in
human health. The World Health Organization promotes a global oral health
action plan to reduce sugar consumption in 50 percent of countries by 2030
in order to reduce overweight, obesity, chronic systemic infection, and dental
caries [2]. The intersection between oral health and noncommunicable chronic
diseases is important because the oral cavity has a profound impact on systemic
health [3]. With the National Institute of Health’s release of the 2021 book,
Oral Health in America: Advances and Challenges, connections between oral
health and nutrition continued to be promoted [4]. However, there remains
an ongoing need for research to focus on specific disease conditions and
mechanisms for describing the role of the oral cavity in general health status.
Clinical research and systematic reviews are needed to reduce the burden of
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chronic noncommunicable diseases and dental diseases. An
estimated 80% of chronic diseases and premature death can be
prevented through nutrition and lifestyle habits [5]. Although
national and international public health initiatives provide
research direction, there are few practical interventions to
support the general public. For example, the US Department
of Health and Human Services continues to collect progress
data on oral health conditions and nutrition indicators for
human health, but only one of the national Healthy People
2030 objectives, Oral Health-01, minimally mentions the
interface between the two in a summary statement about
reducing lifetime tooth decay among children and adolescents
[6]. Specifically, the purpose of this paper is twofold: 1) to
summarize the current research highlighting the relationship
between chronic diseases and oral health, and 2) to outline
oral health, nutrition, and lifestyle strategies for dentists and
dietitians so they can help to reduce chronic diseases and
enhance the immune function of their patients and clients.
Our hopeful aim is to support and accelerate interdisciplinary
progress between health professionals and the general public.
We begin with a brief overview of the oral microbiome, then
move into specific summaries of chronic diseases that have
etiologies in oral health and nutrition.

Multiple microorganisms (e.g., viruses, mycoplasma,
bacteria, fungi, Archaea, and protozoa) live in the mouth
[7]. Imbalances between microbes and pathogens in the oral
microbiota predispose the individual to periodontal diseases,
including changes in the oral-gut axis, where inflammatory
mediators can compromise systemic health. Recent research
has shown that oral microbes can travel through the digestive
tract to the gut [8], and establish symbiotic and dysbiotic
responses from the human organism [9]. Indeed, lifestyle
choices and environmental factors influence the intricate
balance and diversity of microorganisms within our oral
ecosystem [9] and require an ecological perspective to look
at how the health of the mouth affects the synergy of other
microbiomes in the body and vice versa. Oral microbes can
live in the oral cavity in symbiotic healthy relationships to
one another, especially when there are adequate high fiber
diets and lower carbohydrate intakes of fructose, sucrose, and
maltose, to name a few. From a dysbiotic perspective, diets
high in sugar can lower the pH of the oral ecosystem and shift
more acid-producing microorganisms to increase conditions
for dental caries, periodontitis, and oral candidiasis [10]. The
early onset of diabetes, rheumatoid arthritis, and Alzheimer’s
disease is being studied for a higher abundance of the
periodontal pathogen, Porphyromonas gingivalis, with a
need to manage biofilm control through daily oral hygiene
practices to further reduce inflammatory responses and
subsequent risks of systemic chronic diseases [7,11,12].

Research on periodontitis is especially important to
understand as a backdrop to inflammatory conditions
that contribute to risks for a variety of chronic diseases.
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Periodontitis is a more serious form of inflammation where
the gums can pull away from the teeth, resulting in them
loosening or falling out. In the earliest stages of gum disease,
the gums become swollen and red, which is called gingivitis.
This condition is the most common form of periodontal disease
due to the plaque or bacterial biofilms that become attached to
the tooth surfaces. Without treatment, gingivitis can progress
to periodontitis. Hence, individuals need dental checkups
every 6 months to reduce accumulated biofilms, daily oral
hygiene that includes brushing twice a day using fluoride-
containing toothpastes at 1000 to 1500 parts per million
[13], rinsing the mouth with lots of water, daily flossing, and
eating diets high in fresh foods, fiber, vitamins, and minerals.
The use of oscillation-type toothbrushes is encouraged over
manual toothbrushes to keep plaque reduced [14]. The next
part of this narrative review will focus on how oral health is
associated with heart disease, diabetes, rheumatoid arthritis,
respiratory disease, gastroesophageal reflux disease, and
Alzheimer’s disease. Chronic disease prevention informed
by oral hygiene and nutrition strategies will be included in
many sections based on the available knowledge base for that
disease. See Figure 1 for this relationship. Figure 2 shows a
summary of the diseases that will be discussed.

Figure 1: Oral Health and Nutrition Strategies Support Prevention
of Chronic Diseases.

Heart Disease and Oral Health

A strong association exists between cardiovascular disease
and oral health diseases, e.g., atherosclerosis and periodontitis.
When microorganisms are released into the bloodstream
as a result of compromised periodontal tissues, systemic
inflammation increases [7]. When lipids and cholesterol
accumulate to form atherosclerotic plaques within the artery
walls, there is evidence that the pathogen, Porphyromonas
gingivalis, invades the cardiovascular cells to induce systemic
inflammation [15] and degrades the endothelial barrier of
the vessel walls, causing vascular permeability [16]. The
progression of atherosclerosis is accelerated when platelets
aggregate and release proteins called proinflammatory
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cytokines, leading to vascular dysfunction [17-19]. In an
inflamed oral cavity, the release of chemical messengers in
the immune system, known as cytokines TNF-a, IL-6, and IL-
17, impairs endothelial function of the blood vessels, leading
to higher pressure or hypertension. Current evidence has
shown that the endothelial lining of vessels improves when
periodontal treatments reduce the biofilm on inflamed gums.
Associated reductions in C-reactive protein levels and blood
pressure have been found after periodontal gum treatments
[20,21]. The nitrate cycle, beginning with the tongue and
saliva, is an additional process that serves a beneficial role in
regulating blood pressure through vasodilation [22,23].

Nutrition Strategies

During the aging process, adults are more susceptible
to infection-driven periodontitis and loss of gum tissue
[24]. To fight age-associated bone loss in periodontitis,
interventions to reduce gum inflammation should include
Mediterranean-style diets, which are characterized by olive
oil as the main fat source, a moderate dairy intake, high
plant food intake, and limited fish and poultry consumption
[24]. Olive oil and peanut oil are rich in oleic acid, which
reduces inflammation and provides an inhibitory effect on
insulin production, respectively [25]. Olive oil also prevents
harmful lipid intermediates from accumulating in blood
vessels, which is critical in heart disease prevention. In
contrast, a Western-style diet is high in saturated fatty acids,
specifically palmitic acid, which is known to be associated

with periodontal disease and heart disease [26]. Palmitic
acid, found in processed meat, red meat, butter, eggs,
refined grains, and high-fat dairy products, has been linked
to disrupted lipid and bone metabolism [27]. More recent
research has shown that gingival fibroblasts will indirectly
modulate the inflammatory response and the integrity of
oral bones [24]. Vitamin D directly affects bone metabolism
and has anti-inflammatory properties. Vitamin D levels
play an important role in bone growth and tooth formation.
Deficiency in Vitamin D or magnesium is associated with
skeletal deformities and cardiovascular diseases [28], and the
dysregulation of Vitamin D is linked to periodontal disease.
Supplementation of Vitamin D is important in converting
diseased tissue damage into healthy tissue when diagnosed
with gingivitis and/or periodontitis. Good food sources of
Vitamin D include salmon, herring, sardines, canned tuna,
eggs, mushrooms, and Vitamin D-fortified foods, e.g., cow’s
milk, soy milk, and orange juice. As a hormone, Vitamin
D is necessary for the absorption of calcium, magnesium,
and phosphorus in the intestines [28]. Maternal Vitamin D
deficiency increases the DMFT (decayed, missing, filled,
primary teeth) score for children aged 12 to 35 months [29].
Therefore, nutritional strategies for cardiovascular and tooth
health must include Vitamin D, along with proper balances of
calcium, magnesium, and phosphorus. Whereas magnesium
is required for the synthesis and metabolism of Vitamin D,
Vitamin D is important in regulating calcium and phosphorus
[28].
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Diabetes and Oral Health

Diabetes mellitus is a chronic disease characterized by
high blood sugar (hyperglycemia), low insulin levels, and
an often irreversible condition leading to many other health
declines [3]. Diabetes causes a lack of optimal cell function
through the decrease of glucose entering the cell, which causes
a worsened response in healing and an increase in factors that
harm the body. This is often the result of beta cell dysfunction,
where the cells in the pancreas responsible for producing and
releasing insulin lack critical function [30]. Because insulin
is responsible for allowing glucose into cells, the lack of
insulin or low production causes a higher concentration of
glucose in the blood, resulting in less energetic cells. Beta
cell dysfunction can be caused by various factors, but it has a
strong tie to genetics, glucolipotoxicity, and proinflammatory
cytokines that cause oxidative stress on the beta cells [30].
Insulin resistance and target cell dysfunction are also
critical factors for hyperglycemia in diabetes. Commonly
associated with obesity and inflammation, insulin resistance
occurs when insulin is being secreted adequately; however,
when there are high levels of fatty acids and oxidative
stress, muscle and organ cells become damaged, causing
insulin dysfunction for glucose-desensitized organs and
cells [30]. Another condition called hyperinsulinemia is a
form of insulin resistance and early-stage type 2 diabetes.
Sohn et al. state that “hyperinsulinemia also drives adipose
tissue dysfunction and lipotoxicity, amplifying systemic
inflammation and elevating circulating cytokines such as
interleukin-6 and tumor necrosis factor-a, which may affect
periodontal tissues” [31]. Harmful factors are amplified by the
direct damage that poor blood sugar management can have on
blood vessels, potentially causing cardiovascular issues and
worsened circulation of oxygen-rich blood. Hyperglycemia is
responsible for many proinflammatory responses that release
harmful cytokines, causing damage to vital organs like the
kidneys, liver, eyes, and heart, including the nerves and blood
vessels [32]. Because oxygen is required for proper metabolic
processes, such as maintaining an energy supply and keeping
tissue alive, a lack of oxygen can lead to fatal results.

In addition to the many known cytokine-contributed
comorbidities of diabetes— cardiovascular, kidney, liver, and
eye diseases— is a high correlation to oral health issues such
as, “periodontal diseases, apical periodontitis (AP), head and
neck cancer (HNC), salivary gland diseases, dental caries,
and root fracture, while also impeding the healing process
of extraction sites” [3]. Many of these oral health diseases
are associated with the increased presence of inflammation, a
decrease in the body’s ability to heal itself, and a microbiome
that is easily harmed by sugar. For example, periodontitis has
been previously associated with P. gingivalis, Treponema
denticola, and Tannerella forsythia oral anaerobic bacteria
[33]. However, recent research shows that the anaerobic oral
bacteria may not directly cause periodontitis, as mice in a

germ-free environment with the bacteria showed no sign of
periodontitis [33]. Instead, a new model shows that a pathogen
may colonize the oral microbiome, destroying the biofilm and
healthy bacteria that work to break down food and protect the
teeth and gums to maintain oral health [33]. This is especially
dangerous and prevalent in diabetes, as the body does not
respond to pathogens as efficiently, and there tend to already
be harmful inflammatory cytokines that can work together
with pathogens to cause additional harm. So when a pathogen
presents itself, the weakened immune systems of diabetics
tend not to fight off infection, inflammation, and disruption to
the oral microbiome, thus contributing to the high rate of all
the oral health diseases mentioned. Additionally, low blood
sugar can be a major oral health issue as the treatment is often
a high amount of sugar or glucose, which feeds bacteria,
including “mutans streptococci and lactobacilli as well as
aciduric strains of non-mutans streptococci, Actinomyces,
bifidobacteria, and yeasts” [34]. These bacteria then release
acid, which is highly abrasive to the enamel and can also
harm helpful bacteria, causing dental caries and other oral
health issues [35].

Unfortunately, the chronic diseases associated with
diabetes are often bidirectional, presenting an association
of additional chronic disease development when only one
is present initially [36]. This is often the result of long-term
mismanagement of glucose levels and disruption of the
oral microbiome, which subsequently affects the nervous,
gut, blood, and brain microbiomes through the transfer of
bacteria and pathogens throughout the body and an increase
in inflammatory markers [36].

Nutrition Strategies

Due to the direct relationship that lifestyle and nutrition
have on diabetes management and disease progression,
treatment must include glucose monitoring, food preparation
and diet planning, and regular goals for optimizing overall
health. The inclusion of dietary fiber with every meal is a
good starting strategy for regulating blood sugar, improving
bowel function, and reducing the risk of bowel cancers and
disease [37]. While soluble fiber has been shown to have
positive effects on glucose regulation, insoluble fiber has
been shown to improve gut behavior and bowel function [37].
Soluble fiber can lower cholesterol and lipid profiles through
improved epithelial function [37]. Slowing down digestion
allows people to feel satiated sooner and for a longer period
of time. Additionally, increased insulin sensitivity helps the
effects of insulin to work more optimally for adequate glucose
uptake and proper energization. Insulin supplementation
through medication may still be necessary for diabetics
despite nutritional methods. While insulin is a critical
and immediate treatment for glucose levels, nutrition and
dietary modifications are best for long-term chronic disease
management. Diets that have a higher amount of dietary
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fiber, lower cholesterol levels, lower sugar consumption, and
healthy fat consumption through nutritious whole foods have
been shown to significantly improve the health of diabetics.

Of the many dietary choices, the Mediterranean Diet
is effective for diabetes management, improving many
physiological processes by promoting whole foods, lowering
sugar consumption, higher dietary fiber, and improving
cholesteroland lipid levels. The Mediterranean Diet commonly
emphasizes the consumption of in-season fruits, vegetables,
whole grains, healthy fats like olive oil, nuts, seeds, reduced
dairy, and lean meats [38]. Consumption of this diet improves
long-term and short-term diabetes management through the
immediate positive effects fiber has on glucose management,
in addition to improvements in cholesterol, lipids, weight,
proinflammatory cytokines, and more [38]. This is significant
as much of the Western diet has had opposite effects on the
body by increasing inflammation, chronic disease, oxidative
stress, obesity, type 2 diabetes, and health declines through
metabolic issues [26]. So, by changing one’s diet, the
diabetes symptoms and disease progression may be improved
to a better baseline state. This diet is best accompanied by
lifestyle modification, such as regular exercise, good sleep,
social connections, and good hygiene.

Oral Health Strategies

One of the most important hygiene modifications includes
careful attention to oral hygiene. Because oral health has
been shown to have significant links to altering microbiomes
throughout the body, it is especially important for diabetics
to follow the current research. With an already suppressed
immune system, pathogens and other disease-causing agents
can easily cause oral health issues, as explained above.
Current recommendations include brushing teeth with
fluoridated toothpaste at least 2 times daily, flossing at least
once per day, and, if recommended by a dentist, rinsing out
the mouth with a fluoridated and antimicrobial mouthwash
after meals [39]. Diabetics may require more frequent dental
visits, often every 3 to 6 months for oral cleanings to ensure
proper dentition, gum, and teeth health [39]. Early action
helps to prevent the onset of diseases such as periodontitis.
In conclusion, habitual oral hygiene ensures a healthy
oral microbiome so that disruption of other microbiomes
throughout the body does not occur.

Rheumatoid Arthritis and Oral Health

Rheumatoid arthritis is a chronic inflammatory stiffening
that affects the synovial membranes of small and large joints.
Rheumatoid arthritis is the world’s most common systemic
autoimmune disease, affecting 1 percent of the world’s
population [11]. The pathogen, Porphyromonas gingivalis, is
implicated in the production of citrullinated proteins, which
have been modified from their original form. In rheumatoid
arthritis, the immune system creates antibodies that can

mistakenly target these citrullinated proteins, leading to
inflammation. Patients with rheumatoid arthritis will have a
2.538 higher risk for arthritis in the temporomandibular joint
(TMJ) than individuals without rheumatoid arthritis [40].
Patients with rheumatoid arthritis also have greater incidence
of dry mouth [41], greater dental plaque due to elevated
Staphylococcus mutans counts [41], and a higher frequency
and severity of dental caries [42].

Nutrition Strategies

The microbiome of the oral cavity transforms nutrients
from food to act as a barrier against pathogens entering the
body [9]. If the oral microbiome has a disruption or imbalance
known as dysbiosis, an inflammatory response occurs, which
further compromises the immune system. Neutrophils are
involved in the early immune response, combating infection
by releasing antimicrobial substances and phagocytosing
bacteria[7]. Neutrophils also release free radicals and enzymes
that lead to tissue damage and further inflammation [7]. Two
common oral dysbioses are caries and periodontitis. A diet
high in sugar can lead to dysbiosis; high sugar diets cause the
microbiome to shift into low pH, increasing acid-producing
microorganisms that lead to dental caries. Furthermore, if
the microbiome shifts into an inflammatory stage, anaerobic
microorganisms contribute to periodontitis [43] and a cascade
of other processes. Dendritic cells activate several subtypes
of T cells, which promote the inflammatory response [7].
Macrophages further the inflammatory response and tissue
destruction by releasing proinflammatory cytokines (such
as tumor necrosis factor-a, [TNF-a], interleukin-1 [IL-1f],
interleukin-6 [IL-6]), leading to the formation of rheumatoid
arthritis [44]. Some macrophages also release beneficial anti-
inflammatory cytokines (such as IL-10) to promote tissue
repair [7].

In recent years, studies on rheumatoid arthritis have
implicated red meat and salt as harmful to the gut microbiota
and body composition [45]. The 2022 American College of
Rheumatology recommends that the Mediterranean diet be
consumed by patients who have rheumatoid arthritis [46].
Patients should have a limited intake of sugary desserts,
saturated fats, and red processed meats. Patients should have
high dietary adherence to fruits, vegetables, nuts, legumes,
whole grains, olive oil, and seafood, because these foods
are associated with a 16% reduction in risk for developing
rheumatoid arthritis [47]. To suppress the inflammatory
process in rheumatoid arthritis, adequate dietary protein,
omega-3 polyunsaturated fatty acids, and antioxidants via
vitamins and minerals are suggested [48]. In a systematic
review investigating dietary effects on rheumatoid arthritis
[49], several studies highlighted the anti-inflammatory
properties of vitamin D supplements, flaxseeds, pomegranate
extract, ginger, cranberry juice, and fish oil. The phenolic
substances of fruits and vegetables can reduce oxidative
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stress. Specifically, polyphenols can neutralize free radicals
by giving them a hydrogen atom to strengthen the antioxidant
defense system [50]. Other research summaries on the
independent consumption of cinnamon, Vitamin B6, zinc,
and fiber have shown positive results for reducing joint
pain and inflammation [44]. A diet rich in fruits containing
proteolytic enzymes such as papaya, mango, pineapple,
including turmeric, black pepper, green tea, and legumes, is
also an anti-inflammatory asset to the diet [S1]. More robust
evidence-based dietary recommendations for patients with
rheumatoid arthritis are needed since individual responses to
the Mediterranean diet are variable [44].

Oral Health Strategies

Periodontal inflammation represents a chronic burden
of inflammatory cytokines on the body. For example, the
oral bacteria of Porphyromonas gingivalis and Prevotella
intermedia have been found in synovial fluid of the joints
[52]. Since rheumatoid arthritis and periodontitis share the
same imbalance of cytokines [11] and periodontitis patients
have a 69% greater risk of developing rheumatoid arthritis
[53], patients need to be habitual in their brushing, flossing,
and rinsing practices for reducing gum inflammation in their
mouth. Brushing of the tongue has also shown statistically
significant reductions in plaque levels after ten days and 21
days in a single blind, stratified comparison of three parallel
groups of children who performed tongue brushing along
with tooth brushing or performed only tooth brushing twice
daily under professional supervision [54].

Respiratory Diseases and Oral Health

The upper respiratory tract lies just below the oral cavity,
where the teeth, gingival sulcus, tongue, inner cheeks,
attached gingiva, and palates are located. The oral cavity
contains the second most diverse microbiome in the body,
with over 700 species of bacteria, viruses, fungi, and protozoa
[55]. With such a diversity of microbes, it is reasonable to
assume that pathogens from the oral cavity can migrate down
into the upper respiratory tract to cause infections such as
pneumonia, chronic obstructive pulmonary disease, lung
cancer, and asthma [56].

The interactions of lung diseases and oral health diseases
establish dysbiosis in the lung-oral microbiome [57]. Patients
with healthy oral cavities have less risk of lung diseases
compared to patients who have infectious caries, gingivitis,
and/or periodontitis [56]. Poor oral hygiene of the oral
cavity increases the number of anaerobic microbes in the
lungs, including Porphyromonas gingivalis, Bacteroides
grucilus, Eikenella corrodens, Fusobacterium nucleutum,
Fusobacterium necrophorum, Peptostreptococcus,
Clostridium, and Actinomyces [56]. Poor oral hygiene of the
elderly is associated with an increased risk of pneumonia
caused by Streptococcus pneumonia and Hemophilus

influenzae in community cases and Staphylococcus aureus in
hospital cases [56]. Wearing dentures during sleep causes oral
microbiome colonization with an increased risk of aspiration
of pathogens into the lungs, leading to pneumonia [58].

The epiglottis is responsible for stopping most saliva
from entering the lower respiratory tract [59]. However,
under unique circumstances, oral bacteria can migrate from
the mouth to the respiratory tract and colonize the lungs,
triggering an immune and inflammatory response [3]. Patients
with poor oral health tend to have various lung diseases,
such as asthma, chronic obstructive lung disease, pulmonary
fibrosis, and pneumonia [3]. Patients with asthma may have
an elevated risk of periodontitis [60].

Nutrition Strategies

Zinc is an essential trace element that is present naturally
in the mouth in plaque, saliva, and enamel. Zinc is also added
to oral health products to control plaque, reduce bad breath,
and stop the formation of calculus [61]. Zinc is important
for bone growth, the production of hormones such as insulin
and testosterone, sperm production, and fetal development.
Because zinc is necessary for the immune system to function
properly and the healing of wounds, people with respiratory
diseases should meet the recommended dietary allowance
(RDA) for zinc, which is 11 milligrams per day for adult men
and 8 milligrams per day for adult women [62]. Food sources
of zinc include oysters, beef, breakfast cereals, oats, pumpkin
seeds, pork, turkey, cheese, and cashews [62].

Oral Health Strategies

Inflammatory cytokines induced by periodontitis play a
role in the pathogenesis of pneumonia [63]. Research has
shown that P. gingivalis induces pneumonia in mice with
periodontitis, showing cytokines in peripheral blood and
lung tissue [64]. Therefore, the same measures for reducing
periodontitis of the mouth may be helpful for preventing
pneumonia in the lungs. Since periodontitis is an inflammation
of the gums and the bone that supports the teeth, the first step
is to determine if poor oral hygiene is the cause. However,
some people can be prone to gum disease even with proper
brushing and flossing. Symptoms may include reddish or
purplish gums, bleeding, soreness, bad breath, pain when
chewing, gum recession, loose teeth, and a change in the way
the teeth fit together [65]. In some people, genes play a role in
gum disease by changing the way that their immune system
responds to bacteria. If family members have gum disease, it
is more likely to occur in the next generations as well. Some
of the ways to lower the risk for periodontal disease include
brushing teeth two to three times every day, flossing between
the teeth daily, using an antibacterial mouthwash, visiting
the dentist for regular cleanings and exams, and avoiding
smoking and other tobacco use [65]. The latter strategy of
avoiding the use of tobacco will be key to also reducing
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conditions for asthma (and pneumonia), in which there is
swelling in the lining of the lung airways and a secretion of
mucus. Using an air indoor filtration system to remove mold,
pollen, dust mites, and other allergens, like tobacco, can help
to reduce inflammation in the oral microbiome and lungs.

Gastroesophageal Reflux Disease and Oral Health

Gastroesophageal reflux disease, or GERD, is a disorder
of the upper gastrointestinal system that causes acid from the
stomach to backflow to the esophagus and can even lead to
frequent regurgitation. Due to the commonality of this disease
and prevalence throughout the United States population,
about 9.3 billion dollars have been spent on the diagnosis,
consultation, and treatment of GERD [66]. There are various
causes of GERD, most of which include a weakening or
disorder of the lower esophageal sphincter [67]. The lower
esophageal sphincter allows food in for absorption, digestion,
and aims to keep acid from entering back into the esophagus.
When weakening and disorders occur in the lower esophageal
sphincter, acid from the stomach with a pH around 1.5 [68]
can flow back up to the esophagus and even into the oral
cavity. This poses a health issue because the esophagus tends
to function best at a pH level of around 7 [69], and the oral
cavity prefers a pH of 6.2-7.6 [70]. When the pH becomes too
acidic, the mucosal lining in the esophagus can start to break
down, causing a cycle of more issues from GERD, such as
Barrett's esophagus, cancer, generalized pain, and more [66].
Additionally, when acid gets into the mouth, larger issues
can occur, including disruption of the oral microbiome,
abrasion of the enamel and gums, and overall irritation and
inflammation of the passage from the mouth to the stomach.

Ultimately, GERD is a large contributor to dental caries,
gum disease, and inflammation of the throat and mouth. One
study found that 81% of patients in a 105-patient sample with
GERD complained of oral cavity issues such as dry mouth,
acidic or bitter taste, burning sensation, odor, and throat
discomfort [71]. Because GERD is such a large contributor
to oral health issues and comorbidities, dentists must be
trained to combat these symptoms in collaboration with other
professionals, such as dietitians, therapists, and physicians,
who may be able to better tackle the root of the issue. This
collaborative treatment is especially important in GERD
because it is often a secondary disease that presents after
other diseases such as diabetes mellitus, anxiety, depression,
cardiovascular disease, cerebrovascular disease, Parkinson’s
disease, and pulmonary disease [66]. These disecases are
often associated with gastric dysmotility and delayed gastric
emptying, which increases the pressure in the stomach and
causes a backload of acid into the esophagus to relieve the
high-pressure gradient in the stomach [66,72]. There are
many physiologic processes for acid regulation such as
sphincters that prevent acid backflow, however, bacteria
in the gut microbiome also help maintain homeostatic acid

conditions by increasing or lowering acid levels. Although
controversial, many studies have shown that Helicobacter
pylori, especially positive strains of CagA H. pylori, have
been shown to improve GERD symptoms by lowering acid
levels, despite increasing inflammation and potential risk
for other diseases [66]. On the other hand, some bacteria
cause a great level of harm when there are imbalances in
the homeostatic conditions of the oral cavity and upper
gastrointestinal microbiomes. Similar to Helicobacter pylori,
other prominent bacteria can cause dysbiosis as a response to
certain diseases, medications, and external conditions.

Nutrition Strategies

Due to the high influx of acid, greater pressure in the
stomach, and alteration of pH in the esophagus and oral cavity,
multiple nutritional and lifestyle strategies for GERD can
make significant improvements. Current recommendations
include the reduction of caffeine, alcohol, smoking, spicy
foods, fried foods, and other triggers that seem to cause
negative symptoms in each individual [73]. Additionally,
by eating more frequently with smaller meals, less pressure
will be put on the stomach, causing less backflow of acid
and food through the lower esophageal sphincter [73]. One
significantly researched technique includes raising the head
of the bed while sleeping [73]. When dysmotility occurs, the
esophagus is less efficient at processing food from the mouth
into the stomach for digestion. By using gravity and raising
the head of one’s bed while sleeping, the reflux of acid can
be reduced, thereby increasing sleep quality and reducing
irritation. Some dietary recommendations for decreasing
acid and improving GERD include eating higher amounts
of non-acidic fruits and vegetables to increase dietary fiber,
lean meats, and healthier fats such as olive oil [73]. These
dietary options have shown significant improvements in the
overall acidic state of the esophagus, motility, and digestive
functions. Some diets that promote high fiber, moderate fats,
and less acidic foods include the anti-reflux diet and the
Mediterranean diet. Recent studies have shown that GERD
symptoms have improved significantly using a wholly
dietary approach, showing that proton pump inhibitors
(medication specifically used for GERD and acid reduction)
are not significantly more effective in GERD treatment [74].
Additionally, anti-reflux diets and the Mediterranean diet have
been shown to have similar efficacy in GERD treatment [74].
Overall, proton pump inhibitors or anti-reflux medications
could show significant, short-term improvements in digestive
function. However, long-term use may cause more harm
and disruption to the microbiome and larger digestive tract.
Dietary improvements, such as following a low-acid, anti-
reflux, Mediterranean diet, can help repair microbiome
function, reduce GERD symptoms, and improve critical
digestive functions.
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Oral Health Strategies

Due to the abrasive effects acid has on the enamel
and gums, it is critical to ensure that the teeth and gums
have enough protection to combat the highly acidic
environment. If left untreated, the acid can have significant
issues, causing tooth fracture, dental caries, loss of
tooth substance, hypersensitivity, and impairment [75].
However, significant improvements can be made using
remineralization techniques and acid management through
dietary changes and medication. To combat the acid levels,
dentists recommend washing out the mouth with water,
which helps remove the acid; sodium bicarbonate, which
neutralizes remaining acid; and fluoride mouthwash, which
helps in remineralization and protection of the oral cavity if
used directly after an acid event [76]. Additionally, GERD
patients may require more dental visits for the application
of fluoride varnish, prescription of fluoride toothpaste, and
education on remineralization techniques such as application
of amorphous calcium phosphate to the teeth [76]. Dentists
may also fill exposed teeth with resin, make a nightguard to
reduce grinding of teeth, and perform restorative procedures
[76]. Overall, dentists are first responders for various diseases
that have systemic damage to the whole body, including the
oral cavity. Through careful attention and keen educational
practices, dentists can significantly improve patients’ lives
by combating oral damage, referring patients to appropriate
resources, and making lifestyle recommendations that can
systematically improve the oral cavity of their patients and
reduce disease progression.

Alzheimer's Disease and Oral Health

Alzheimer’s disease is a degenerative brain disorder
caused by irreversible neuronal damage. The brain changes
lead to cognitive decline, memory loss, and eventually
complete loss of speech and mobility [7]. The oral-brain
axis has been implicated in the progression of Alzheimer’s
Disease [77]. One theory proposes that inflammation and
specific oral pathogens, such as Porphyromonas gingivalis,
may contribute to the progression of Alzheimer’s disease
[9]. The translocation of P. gingivalis can lead to increased
citrullination of host proteins, which can cause an autoimmune
inflammatory response that may contribute to amyloid
beta plaques and tau tangles [78]. In an umbrella review
investigating the current knowledge of highly prevalent
dental conditions and chronic disease, Seitz and colleagues
showed the relationship of periodontitis to dementia and tooth
loss to dementia [79]. Because separate groups of health care
professionals treat patients with these diseases, intersectoral
care is important so that the “dentist and general practitioner
are sufficiently aware of existing correlations between dental
conditions and chronic systemic diseases and how these
correlations may influence treatments” [79](p. 8).

Nutrition Strategies

Nutrition strategies are necessary for benefiting patients
with cognitive changes leading to memory decline and
agitation. Consuming fruits, vegetables, and grains rich in
antioxidant nutrients (e.g., Vitamins A, C, and E) is important
in maintaining periodontal health [80]. Vitamin D-rich foods
like salmon and sardines increase the mineral absorption
of calcium and phosphorus, which helps to protect tooth
enamel while preventing caries and unnecessary tooth loss.
The degeneration of brain tissue can potentially be slowed by
providing optimal conditions for body function through the
consumption of lean meats, whole grains, fruits, vegetables,
and a decreased intake of foods that are too high in saturated
and trans fats.

The MIND diet, a hybrid between the DASH and
Mediterranean diets, has been shown to decrease the rate
of neurocognitive decline at an estimated greater rate than
the DASH or Mediterranean diets alone [81]. Although
the aim of the MIND diet (The Mediterranean-DASH Diet
Intervention for Neurodegenerative Delay) is on brain
health, the Mediterranean diet and the DASH diet (Dietary
Approach to Stop Hypertension) also highlight plant-based
foods and limit animal and high saturated fat foods. Both the
DASH and Mediterranean diets have been shown to protect
cardiovascular function, which in turn preserves neurological
health [82]. By combining the best aspects of each diet through
guidelines of whole and healthy food and the emphasis on
decreased intake of unhealthy foods that are high in saturated
and trans fat, the MIND diet provides an easy-to-follow plan
for people with Alzheimer’s disease [82]. Specifically, some
unhealthy foods to limit include: “less than 5 servings a week
of pastries and sweets, less than 4 servings a week of red
meat, less than one serving a week of cheese and fried foods,
and less than 1 tablespoon a day of butter/stick margarine”
[82]. Overall, the MIND diet helps increase intake of critical
vitamins and minerals for neurocognitive preservation and
optimal function.

Oral Health Strategies

Due to the high association Alzheimer’s disease has
with oral health disease, more frequent and consistent dental
cleanings and checkups are necessary. In addition to visiting
a dentist at least twice per year, people with Alzheimer’s
must have the care and capability to brush their teeth at least
twice daily, and floss at least once per day. Because of brain
degeneration, “simple” tasks like brushing one’s teeth are
often overlooked, especially in hospitals and nursing homes.
However, an emphasis on proper daily care can significantly
reduce neurocognitive decline by ensuring the health of the
oral microbiome to prevent systemic disruptions.

Lee and colleagues reported that untreated periodontitis
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patients had a significantly higher risk of dementia compared
to those who received dental preventive treatments [83].
Periodontitis is the most prevalent bone disease in humans,
affecting 40 to 90 percent of the global population, and if
untreated, periodontitis can lead to tooth loss in adults [84].
Tooth loss leads to many dysbiotic consequences in the oral
cavity, such as a change in diet to compensate for the loss of
optimal mechanical digestion and an increase in inflammatory
factors in the area of the tooth loss, which creates a vulnerable
area in which harmful bacteria can grow [85].

Conclusion

The need for educating people on the role of oral health
as a determinant of overall health is more possible than ever
before. With growing research on the human holobiont as a
host organism with all its associated microorganisms, specific
effects on and within different body systems are becoming
clearer. The oral microbiome serves as the entrance to all
other body systems. A lack of care and attention to oral health
can disturb the oral microbiome, which can then alter other
microbiomes within the body. There is an increasing need for
dental, medical, and dietetic collaboration when supporting
patients in the management of their chronic disease. As
described in this narrative review, disease interactions
and prevention are possible with awareness of pathogens
to reduce and regulate them through diet and improved
oral health hygiene. By encouraging patients to practice
enhanced nutrition and oral health strategies each day, health
professionals can help boost immune function against specific
pathogens to promote health and prevent disease.
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