
Nutrition, infection,
and periodontal disease

Linda D. Boyd, RDH, RD, MS*,
Theresa E. Madden, DDS, PhD

Department of Periodontology, Oregon Health and Science University, School of Dentistry,

611 SW Campus Drive-SD177, Portland, OR 97239, USA

Comprehensive dental care requires dental professionals to assess the
general health of their patients and to understand the implications of
underlying factors that may impact oral health. One of these underlying
factors is the interaction between nutritional status and the immune
response to the bacterial challenge in periodontal disease. Alterations in
immune response increase the risk and extent of infectious diseases such
as periodontal disease. Since the 1970s, the interrelationships of nutrition,
immunity, and susceptibility to infection have received increasing attention
and rigorous study [1–7].

Patients at risk for inadequate nutritional intakes that compromise the
immune response are seen with increasing frequency in private dental
practice due to the many advances in medical treatment that allow people
(even those with chronic diseases) to live much longer lives. It is important
that dental professionals be able to identify patients at risk for poor
nutrition, which may compromise their immune response and place them at
higher risk for infection. Deterioration of oral health is highly correlated
with deterioration of general health, making it essential that the patient be
well nourished in order to respond to the challenge of infectious disease like
periodontal diseases [8].

Gingivitis and periodontitis are chronic infectious diseases [9]. Gingivitis
is defined as ‘‘inflammation of the gingiva in which the junctional epithelium
remains attached to the tooth at its original level’’ [10]. In contrast, peri-
odontitis is defined as occurring when the ‘‘inflammatory process involves
the gingiva and the periodontium resulting in loss of periodontal attachment’’
[10]. The most recent National Health and Nutrition Examination Survey
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(NHANES III) found the prevalence of gingivitis in those aged 13 years
and older to be 54% and the prevalence of periodontitis (defined as attach-
ment loss in at least one site) to be 53.1% [10].

Although the primary etiology of periodontal diseases is bacterial, host
and environmental factors modulate the severity of disease. Host and
environmental factors include genetics, chronic disease (osteoporosis and
diabetes), tobacco use, socioeconomic level, educational level, frequency of
dental visits, and both local and systemic nutrition [10]. This article focuses
on the interrelationship between nutrition and host immune response and its
impact on periodontal disease. In addition, nutrition recommendations to
enhance immunity are offered based on current literature.

Oral microbiologic flora

In recent years, research has made significant advances in recognizing the
complexity of dental plaque and its impact on oral health and disease. In
the mid-1900s, all bacteria were believed to have an equal capacity for initia-
ting dental disease and it was believed that periodontal disease developed
as a result of exposure to these bacteria [11]. Over the intervening decades,
a small number of bacteria have been identified as being associated with
periodontal disease [11]. These bacteria, however, are also often found in
periodontal health, leading to a need to investigate the properties that allow
these bacteria to function as pathogens that ultimately result in the break-
down of periodontal tissues [11].

Plaque biofilm

Dental plaque is a complex environment called a biofilm. The biofilm is
made up primarily of microorganisms that include bacteria, fungi, yeasts,
and viruses [11]. In addition, 20% to 30% of the plaque mass is made up of
an intracellular matrix consisting of organic and inorganic components [11].
The organic components include polysaccharides, proteins, glycoproteins,
and lipids, whereas the inorganic components are primarily calcium and
phosphorus, with trace amounts of sodium, potassium, and fluoride [11].

The formation of plaque biofilm begins with the dental pellicle that
provides a substrate to which the bacteria attach [11]. The early bacteria
colonizing the dental pellicle are aerobic, gram-positive organisms and pri-
marily use sugars as an energy source [12]. The secondary colonizers of the
more mature plaque biofilm are anaerobic, gram-negative bacteria and use
amino acids and small peptides as energy sources [12]. The bacteria in the
biofilm have been shown to have physiologic interactions that support their
growth. For example, the growth of Porphyromonas gingivalis is facilitated
by the metabolic by-product succinate from organisms like Campylobacter
rectus [13,14]. The organisms colonizing the biofilm tend to form complexes
(or communities) that are mutually supportive of each other’s growth.
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Microorganisms associated with periodontal diseases

Microorganisms found in periodontal health are primarily gram-positive
species such as Streptococcus sanguis and Actinomyces naeslundii, with
only a small number of gram-negative bacteria. Certain bacteria, such as
Capnocytophaga ochracea and S sanguis, appear to be protective or beneficial
to the host and are found more often in periodontal sites without active
disease [15]. The mechanism for this protective effect may be the production
of hydrogen peroxide, which is known to be lethal to bacterial species
involved in periodontal disease [15].

The microorganisms found in dental plaque–induced gingivitis are 56%
gram-positive and 44% gram-negative [11]. Predominant gram-positive
bacteria include S sanguis, Streptococcus mitis, Streptococcus intermedius,
Streptococcus oralis, Actinomyces viscosus, Actinomyces naeslundii, and
Peptostretococcus micros [11,16]. The gram-negative bacteria present include
Fusobacterium nucleatum, Prevotella intermedia, Veillonella parvula, and
Hemophilus, Capnocytophaga, and Campylobacter species [16]. Although
gingivitis usually precedes the development of periodontitis, it should be
stressed that not all gingivitis progresses to periodontitis [11].

In periodontitis, the microorganisms are primarily gram-negative (75%),
with a majority being anaerobic (90%) [11]. The virulence factors of micro-
organisms refer to an organism’s ability to cause disease. The virulence
factors of periodontal pathogens can be divided into two groups: (1) factors
that facilitate bacterial invasion and colonization of host tissues, and (2)
factors that allow a pathogen to directly or indirectly cause breakdown of
periodontal tissues [9].

The bacteria most often found in periodontal disease include Porphy-
romonas gingivalis, Bacteroides forsythus, Prevotella intermedia, Campy-
lobacter rectus, Eikenella corrodens, F nucleatum, Actinomyces
actinomycetemcomitans, Peptostretococcus micros, and Treponema and
Eubacterium species [12,15–17]. Many of these organisms are associated
with disease progression and must be eliminated in order to ensure
a favorable outcome to periodontal therapy [11].

Host nutrition and plaque biofilm

Nutrition has both direct and indirect effects on the development and
composition of plaque biofilm. The primary mechanism by which nutrition
impacts the biofilm is through a direct supply of specific nutrients (such as
sucrose) as substrates for energy, nitrogen, or carbon for the bacteria. An
example of this is the introduction of excess glucose to a plaque biofilm,
which has been shown to result in an increased rate of bacterial growth in
the early stages of biofilm development [18].

The second mechanism by which nutrition has an (indirect) impact on
plaque biofilm is by having an effect on the production of metabolic by-
products from one organism that provide nutrients for other organisms [18].

339L.D. Boyd, T.E. Madden / Dent Clin N Am 47 (2003) 337–354



These by-products include lactate and formate from Streptococcus and
Actinomyces species, which are used as nutrients by other bacteria [11].

The third mechanism by which nutrition impacts the biofilm is through
the production of specific polymers used by other bacteria [18]. An example
of this is the use of sucrose to produce the glucans used to facilitate the
adherence of bacteria such as Streptococcus mutans and Streptococcus
sobrinus to the dental pellicle [19]. Glucose and other carbohydrates are also
used to produce extracellular polysaccharides and, therefore, diets contain-
ing sucrose, glucose, and other disaccharides can increase the plaque mass
and facilitate the retention and colonization of the plaque biofilm [18].

Finally, nutrition impacts the plaque biofilm indirectly through by-
products of bacterial metabolism of a nutrient to alter the environment of
the biofilm and thereby influence the bacteria colonizing the biofilm [18]. As
a by-product of the metabolism of sucrose and glucose, bacteria produce
acids that lower the pH, resulting in a more favorable environment for the
development of certain bacteria such as S mutans [18]. The biofilm develop-
ment eventually reaches a steady state and, at this point, the influence of
host nutrition is thought to be less important in the process of maturation
of the plaque biofilm [20].

This short overview of the bacteria involved in plaque biofilm and the
impact of nutrition on its development offers a foundation for the following
brief review of how the immune system responds to the challenge presented
by the bacteria involved in periodontal diseases.

Interaction of immunity, infection, and nutritional status

Nutrition is a ‘‘critical determinant of immune responses’’ [21] due to the
fact that ‘‘nutrients derived from food sources such as proteins, carbo-
hydrates, and fats as well as micronutrients, vitamins, and minerals interact
with immune cells in the blood stream, lymph nodes and specialized immune
system of the gastrointestinal tract’’ [22]. Infections, no matter how mild,
have adverse effects on nutritional status [4]. The effects of these nutri-
ents are dependent on several factors: (1) the concentration of a nutrient and
its interactions with other key nutrients, (2) the duration of the nutrient
imbalance, and (3) the age of the host [22]. Conversely, a majority of
nutrient deficiencies will impair the immune response and predispose the
individual to infection [4]. Even though significant literature exists regarding
the impact of nutrition on systemic immunity, little is known specifically
about the direct impact of nutrition on the immune response in periodontal
disease. It is likely, however, that much of what is known about the
interaction of nutrition and systemic immunity also is applicable to the
issues encountered in periodontal disease.

Immune function can be described as the response of healthy tissue when
presented with harmful or disease-promoting factors such as bacteria. In
periodontal disease, the host immune system responds to a bacterial
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challenge with a well-regulated response consisting of (1) innate factors that
signal the endothelium to initiate an inflammatory response, (2) neutrophils
that attempt to protect the periodontal tissues by controlling pathogens in
an acute inflammatory response, and (3) a chronic inflammatory response
that ensues in which the macrophages and lymphocytes try to manage the
local infection to prevent it from becoming systemic and life threatening [9].
Before discussing the impact of nutrients on host defense mechanisms
involved in periodontal disease, a short overview of the components of the
immune system and their functions is provided.

Overview of the immune system and its role in periodontal disease

The immune system is made up of innate immunity and adaptive
immunity. Innate immunity is naturally present and is not influenced by
prior exposure to a pathogen. Adaptive immune responses develop through
exposure to an antigen and are enhanced with repeated exposure to the same
stimuli [22].

Innate immunity
Innate immunity consists of nonspecific defenses that include the skin and

mucous membranes, phagocytic cells, saliva, mucous, defensins, cilia, and
other humoral factors [21]. Monocytes, macrophages, and neutrophils make
up the phagocytic cells of innate immunity. These cells contain substances
that lyse and kill many different pathogens, rather than only one specific
variety of bacteria. These innate processes are the first line of defense against
infectious agents.

In the oral cavity, healthy oral mucosa acts as the first line of defense in
innate immunity by preventing the penetration of bacterial virulence fac-
tors into the body. Epithelium covers the gastrointestinal tract, respiratory
tract, and all exposed body surfaces. Epithelial cells have rapid rates of
metabolism, differentiation, and maturation, which require a steady supply
of essential nutrients. The oral mucosa is made up of keratinized tissues
found on the hard palate, the gingiva, and the dorsum of the tongue, as well
as nonkeratinized tissues that line the oral cavity. The cells of the oral
mucosa turnover every 3 to 7 days, which makes the oral cavity one of the
most sensitive indicators of adequate nutritional status. Intact mucosa is
especially important in the oral environment because it is under constant
attack by microorganisms and at high risk of trauma from food and oral
hygiene activities.

Saliva also acts as a protective agent against periodontal pathogens
because of several antibacterial components including lysozyme, lacto-
peroxidase, and antibodies [23]. Lysozymes exert a protective effect by break-
ing down the cell walls of both gram-negative and gram-positive bacteria
[24], whereas lactoperoxidase’s mechanism of action is to interfere with the
accumulation of amino acids essential for bacterial growth [23]. Antibodies
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found in saliva, such as immunoglobulin A (IgA), appear to protect oral
tissues by inhibiting the attachment of bacteria to mucosal and tooth
surfaces [23].

Leukocytes, including neutrophils and monocytes/macrophages, are the
next line of defense in the oral cavity. These leukocytes mediate the immune
response characteristic of periodontal diseases. The primary function of
neutrophils is to contain the acute bacterial challenge through phagocytosis
and killing of the pathogens that may result in ‘‘local tissue changes by
releasing tissue-degrading enzymes’’ [9]. In contrast, monocytes are involved
in the chronic inflammatory response by communicating with lymphocytes
and presenting antigens to T cells [25]. The macrophages are central to the
inflammatory process, in part, because of their ability to migrate through
the vascular endothelium and enter the connective tissue where they rely on
chemotaxis to help locate and migrate to the site of bacterial challenge.
Chemotaxis is defined as movement in response to a chemical concentration
gradient, such as movement from an area of low concentration to one
of high concentration [25]. A defect in this ability to migrate is associated
with the more severe types of periodontal diseases such as aggressive
periodontitis [25].

Adaptive immunity
Lymphocytes (ie, T cells and B cells) are fundamental in adaptive

immunity. These cells have the ability to recognize pathogens and generate
offspring that also recognize the pathogens to allow the immune system to
respond more quickly and efficiently when challenged [25]. Immune cells
important in inflammation and host defense include mast cells, dermal den-
drocytes, peripheral dendritic cells, neutrophils, monocytes/macrophages,
T cells, B cells, and natural killer cells [25]. Mast cells and dermal dendro-
cytes are involved in acute inflammation and stimulate receptors that
cause secretion of substances that cause vasodilation and increase vascular
permeability [25]. Peripheral dendritic cells participate by ingesting antigens
locally and transporting them to the lymph nodes [25]. The lymphocytes
consist of T cells, B cells, and natural killer cells. T cells are cytotoxic and
control intracellular antigens found in certain bacteria and fungi, whereas
B cells help control extracellular antigens [25]. Natural killer cells are large
phagocytic cells that recognize and kill certain tumor and virally infected
cells [25]. Lymphocytes and monocytes are involved in the changes in
the connective tissue associated with periodontal infection, repair, and
healing [9].

Effects of nutrition on the immune response

The epidemiologic and clinical data suggest that nutritional deficiencies
alter immune response and increase the risk of infection [21]. Most clinical
studies of the impact of nutrition on the immune system in humans,
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however, have been complicated by multiple nutrient deficiencies, as well as
by infection. Thus, data from animal studies along with the clinical data
have been useful in arriving at a consensus of how single nutrients affect the
immune system [21]. Table 1 summarizes the impact of specific nutrient
deficiencies on immune response.

Malnutrition and immunity
Although rarely seen in the United States, protein energy malnutrition

(PEM) may be seen in certain high-risk groups, particularly in elderly and in
hospitalized or institutionalized patients with chronic diseases [7,21,26].
Infection is a common precipitating factor for malnutrition among these
high-risk groups [4]. Most host defense mechanisms are impaired in PEM
[21]. The severity and the extent of immune function dysfunction in mal-
nutrition are dependent on several factors that include (1) the rate of cell
proliferation, (2) the amount and rate of protein synthesis, and (3) the role
of nutrients in the various metabolic pathways [1].

Mild PEM may impair the acute-phase response to infection, resulting in
reduced host ability to mount an effective inflammatory response to the
invading pathogens [27]. The activation of lymphocytes and production of
antibodies is correlated with PEM and protein intake [28]. Although leuko-
cytes are still able to phagocytize bacteria, they are less effective at the subse-
quent intracellular destruction of the bacteria [29]. In animal models, the
volume and antimicrobial properties of saliva are also severely compro-
mised when protein intake drops to 5% to 8% of calories [30]. One of
the antimicrobial properties decreased in saliva by a restriction in protein
intake is in the amount of immunoglobulin secreted, such as IgA [29]. The
lysozyme concentrations of saliva are also decreased as a result of a
reduction in production by monocytes and neutrophils [1]. In addition,
bacterial adhesion to epithelial cells appears to be increased in PEM, thereby
increasing the risk of invasion and infection [31]. This compromise in the
antimicrobial properties of saliva leads to an overgrowth of pathogenic
microorganisms, particularly the anaerobic microflora [32]. These factors all
act together to depress both the innate and adaptive immune responses, which
increases the risk for infection.

Micronutrient deficiencies and immune response
Changes in immune response occur early in the course of reduction in

micronutrient intake [21]. Several concepts have been suggested for the
effect of micronutrient deficiencies on immune response: (1) the extent of
impairment depends on the type of nutrient involved, its interaction with
other essential nutrients, the severity of the deficiency, the presence of
concomitant infection, and the age of the patient; (2) the extent of the
abnormalities in the immune response predict the risk of infection and
mortality; (3) excessive intake of micronutrients is associated with impaired
immunity; and (4) tests of immunocompetence may be useful in assessing
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appropriate levels of micronutrient intakes to optimize the immune response
[21].

Fat-soluble vitamins and immune function. Experimental animals with
vitaminA deficiency generally have an increased susceptibility to infection [4].

Table 1

Summary of nutrient effects on immune response

Nutrient Function

Deficiency impact on immune

responsea

Protein energy intake Energy metabolism

DNA/RNA synthesis

# salivary antimicrobial

properties

# immunoglobulin production

# lysozymes

" bacterial adhesion

# activation of lymphocytes

# production of antibodies

Vitamin A Cellular differentiation

and proliferation

Integrity of the immune

system

# immune cell differentiation

# response to antigens

# antibody production

" bacterial adhesion

# immunoglobulin production

# production of lymphocytes

Vitamin E Antioxidant protecting lipid

membranes from oxidation

# antibody synthesis

# response of lymphocytes

# phagocytic function

Vitamin C Antioxidant that reduces

free radicals that cause

DNA damage to

immune cells

# phagocytic function of

neutrophils and macrophages

# antibody response

# cytotoxic T-cell activity

Riboflavin, vitamin B6,

and panthothenic acid

Coenzymes in metabolic

processes

# antibody synthesis

# cytotoxic T-cell activity

# lymphocyte response

Folic acid and

vitamin B12

Involved in DNA/RNA

synthesis

# production of lymphocytes

# cytotoxic T-cell activity

# phagocytic function of

neutrophils

Zinc More than 100 enzymes

associated with carbohydrate

and energy metabolism

Protein catabolism and

synthesis

# antibody response

# phagocytic function of

macrophages

# B-cell and T-cell proliferation

Nucleic acid synthesis

Iron Involved in hemoglobin,

myoglobin, and cytochrome

systems

# lymphocyte proliferation

# neutrophil cytotoxic activity

# antibody response

a # indicates decrease, " indicates increase.
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Vitamin A deficiency affects host defenses directly through its role in
metabolism in immune cells and indirectly through its role in cell differ-
entiation [6]. Immune cell proliferation is decreased, along with antigen-
specific responses and antibody production [33–35]. In addition, bacterial
adherence to epithelial cells is enhanced [31]. In humans, low plasma or
serum vitamin A levels have been linked with impairment in immunity
[36,37]. Conversely, vitamin A supplementation in deficiency enhances
antibody levels and lymphocyte proliferation [36].

Vitamin E is a lipid-soluble antioxidant whose primary function is to
reduce damage to lipid membranes [6]. In animal studies, vitamin E
deficiency impairs adaptive immunity and results in a reduction in antibody
synthesis [1]. In subjects who had levels 10% of normal, supplementation
with vitamin E returned immune function to normal levels [38]. Vitamin E
supplementation has been reported to enhance both innate and adaptive
immunity; however, the level of supplementation that is effective in improv-
ing immunity requires further research [4,39,40].

Water-soluble vitamins and immune function. In view of the fact that water-
soluble vitamins are involved in RNA and DNA synthesis and in cellular
metabolism, deficiencies are likely to impact proliferation of immune cells.
Deficiencies of vitamin C, vitamin B6, panthothenic acid, riboflavin, folate,
and vitamin B12 have the greatest effect, with biotin and thiamin having
lesser effects.

Vitamin C is present in high amounts in neutrophils [41]. Due to its
antioxidant properties, which reduce free radicals that cause DNA damage
to immune cells, vitamin C enhances the migration of neutrophils to the site
of infection, preserves the integrity of neutrophil cell structure, facilitates the
oxidative destruction of microorganisms, and aids the host by neutralizing
the toxic bacterial products produced by neutrophils during phagocytosis
[32]. Moderate deficiencies of vitamin C result in a decrease in locomotion
and a reduction in the bactericidal capacity of neutrophils and macrophages
[1]. In animals, vitamin B6, riboflavin, and panthothenic acid deficiencies
cause profound changes in immune response. The aspects of adaptive
immunity that are impacted include reductions in T-cell cytotoxicity,
reduced lymphocyte response to antigens, and a decrease in antibody
formation [42]. In humans, those deficient in both vitamin B6 and pan-
thothenic acid had a greater impairment of antibody response than when
either nutrient was deficient alone [1]. These changes are primarily due to the
function of these B vitamins as coenzymes in many metabolic processes.

Both folic acid and vitamin B12 have central roles in the nucleic acid
synthesis necessary for cell growth and proliferation. Studies in both
animals and humans demonstrate a reduction in T-cell populations, de-
creased cytotoxic function of the T cells, and impairment of phagocytosis by
neutrophils in the presence of deficient intakes of folic acid and vitamin B12

[43–45].
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Minerals and immune function. Significant literature exists linking the de-
ficiency of certain minerals with negative changes in the immune response.
The nutrients most widely studied have been iron and zinc because de-
ficiencies in these minerals are still common in some populations in the
United States. Both minerals also have essential functions in growth and
development, making them necessary for the function of immune cells.

Zinc is involved in more than 100 enzymes associated with carbohydrate
and energy metabolism, protein catabolism and synthesis, nucleic acid
synthesis, and heme biosynthesis [46]. Even mild zinc deficiency may
negatively impact the immune system, leading to an increased susceptibility
to infection [6,46]. Examination of the NHANES III data suggests that
children aged 1 to 3 years, adolescent females, and persons aged 71 years
and over are at greater risk for inadequate zinc intakes [47].

Zinc deficiency is associated with an impaired T-cell and B-cell formation
in the bone marrow resulting in a depressed lymphocyte response to anti-
gens [21,48]. In addition, suboptimal levels of zinc have been demonstrated
to lower the killing ability of macrophages [48,49]. In animal studies, mor-
tality was increased due to infectious organisms [50]. Conversely, excessive
intake of supplemental zinc has been shown to cause functional impairment
of the immune response [51]. The tolerable upper-intake level is the highest
level of daily nutrient intake that is likely to pose no risk of adverse health
effects for a majority of individuals [46]. The tolerable upper-intake level of
zinc for those aged 19 years and over has been set at 40 mg/day [46]. These
recommendations suggest that zinc supplementation should be approached
with caution.

Iron deficiency remains one of the most common deficiencies worldwide
and is the most prevalent nutrient deficiency in the United States in children
and women of childbearing age [6]. The prevalence ranges from 9% in
children under 4 years of age to 29% in low-income pregnant females
[52,53].

Iron is involved in hemoglobin, myoglobin, and cytochrome systems [46].
Its role in the movement of oxygen from the environment to cells such
as those of the immune system and its role in cytochrome enzymes impact
both innate and adaptive immunity. The neutrophils’ bactericidal activity
is impaired by iron deficiency [21,54]. In addition, the proliferation of
lymphocytes is reduced, along with their response to antigens, increasing the
risk and severity of infection [21,54]. The ability of an infectious pathogen to
sequester iron from the host tissues is considered an important virulence
factor, and it explains recommendations to limit iron supplementation
during active infection.

Effect of infection on nutritional status

Infection has adverse effects on nutritional status through its catabolic
effects on body systems [4]. During infection, a series of metabolic events are
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set in motion that lead to a state of negative nitrogen balance and loss of
lean body mass [55].

This process occurs as a consequence of an imbalance between catabolic
and anabolic substances such as cytokines and glucocorticoids produced by
the body in response to infection. Cytokines are responsible for producing
fever and enhancing thermogenesis, body weight loss, and skeletal muscle
depletion [55].

The extent of the increased nutrition needs of a patient is determined by
the extent of the infection and the degree of stress imposed on the patient
[56]. The average loss of protein during infection is 0.6 g of protein per
kilogram per day, with higher losses being seen in those with more severe
infections [4]. The increased excretion of nitrogen, leading to negative
nitrogen balance associated with infection, may also result from the trauma
induced by surgery. Medical nutrition therapy guidelines suggest that mild
stress increases the protein requirement from 0.8 g/kg of body weight per
day to 1.0 g/kg of body weight per day [56]. Although nitrogen balance
studies have not been performed with individuals following oral surgery
and, therefore, the extent of the impact on nitrogen balance is not known,
it is likely that most oral and periodontal surgeries fall into the category
of minor surgery with mild stress, so these guidelines are likely to be a
reasonable recommendation for patients.

Anorexia is often a consequence of infection and results in undernutrition
and contributes to negative nitrogen balance. The term anorexia in this
context refers to a loss of appetite that often accompanies malaise, fever,
and infections [57]. A consequence of anorexia is the precipitation of
nutrient deficiencies for any nutrients for which the individual already had
marginal or suboptimal intakes [4].

The gastrointestinal tract is negatively impacted by infection and
alterations in nutrient intake, which may result in symptoms such as
diarrhea, nausea, and vomiting. The disruption in the gastrointestinal
mucosa results in decreased nutrient absorption [4]. As a result of mal-
absorption, protein absorptionmay be reduced asmuch as 10% to 30% [4]. In
addition, vitamin A absorption may be reduced as much as 30% to 70% [4].

Infections tend to induce a state of hypermetabolism, causing an increase
in energy requirements that range from 1.2% of normal caloric require-
ments to 100% of normal caloric requirements in burn victims [56]. It is
extremely important during periods of infection for individuals to have
adequate caloric intakes in order to spare amino acids for maintenance and
synthesis of body proteins [56]. If the individual does not obtain adequate
calories, then the body will break down the amino acids and body protein
stores for energy [56].

During infections, it is not uncommon for fevers to develop that also
increase caloric needs. Fever adds another 9% beyond normal calorie
requirements for each 1�F greater than 98.6 [56]. During periods of fever,
basal metabolic rate may increase by nearly one third [4].
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In addition, infection causes negative balances of vitamin A, vitamin C,
B vitamins, zinc, iron, potassium, phosphates, magnesium, sulfates, and
plasma amino acids. This decrease may be a result of malabsorption, losses
in diarrhea, and/or increased needs to combat the infection. Interestingly,
infection decreases serum iron as a result of it being sequestered in the
reticuloendothelial system, which deprives the infectious agent of the iron it
needs for replication and inhibits the spread of infection [4].

Populations at risk for alterations in immune status

Patients with compromised immune systems are being seen with in-
creasing frequency in private dental practice due to advances in medical
treatment. Changes in immunity may result in an impaired ability to
respond to a bacterial challenge. The impaired immunity may be either
a primary or secondary immunodeficiency disorder.

Most of the problems seen in dental offices are likely to be a result of
secondary immunodeficiencies that result in the immune system being
depressed due to a medication or underlying illness in a person who was
previously ‘‘healthy’’ [57]. Immune depression commonly occurs in AIDS,
cancer, organ transplant, and autoimmune disease such as rheumatoid
arthritis and lupus erythematosis. In addition to direct effects on the im-
mune system, these conditions also impact nutritional status by a number of
mechanisms including interference with nutrient absorption, inadequate
dietary intake due to anorexia, and increased need for some nutrients. Other
conditions such as alcoholism, renal disease, burns, and gastrointestinal
disorders may also impact nutritional status by the same mechanisms [6].

Nutritional status may also be impacted by drug-nutrient interactions
such as with corticosteroids, dilantin, methotrexate, and cyclosporine used
to treat chronic diseases and conditions [58]. For example, corticosteroids
increase catabolism of protein and interfere with absorption of calcium,
vitamin D, folic acid, and other nutrients, placing the patient at risk for
inadequate nutrient intakes that may further impact the immune system.

In addition to the effects of chronic disease and drug-nutrient inter-
actions, there is evidence that the immune system becomes depressed in
older populations [7,21,26]. Immune senescence appears to be a natural
consequence of aging and is defined as the decline of the immune response
[7]. Lesourd and Mazari [5], however, disagreed with this finding and,
instead, suggested that ‘‘there is strong evidence that nutritional status
greatly influences immune responses in aged individuals, and that this is an
important part of what is known as immune aging.’’ In healthy elderly
subjects with normal serum values for trace elements, no ongoing or
developing degenerative diseases, and no drugs that impacted nutrient or
immune status, measures of adaptive immunity closely resembled those of
young adult controls, supporting the idea that it is undernutrition that
induces changes in immune response [5].
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Up to 65% of elderly patients admitted to the hospital are under-
nourished, which is associated with adverse clinical outcomes [59]. In the
European Reference Study on Nutrition and Aging, 30% of aging adults
had a low serum level of at least one nutrient, which might be responsible
for the reduction seen in the immune response [5]. It is likely that the
appearance of immune senescence is due to this group’s high risk for
malnutrition and suboptimal nutrient intakes because of a variety of issues
common to this age group. These issues include physical conditions com-
mon to the aged, such as disability, medication-induced anorexia, oral
disorders, gastrointestinal disease, and metabolic disorders (such as diabetes
mellitus and renal disorders). In addition, this age group has psychosocial
issues such as living alone, bereavement, and depression that may lead to
a reduction in nutrient intakes [7]. Research suggests that the primary goal
of nutrition in the elderly is to prevent or reverse secondary immune
deficiencies resulting from undernutrition [5,7].

Effects of dietary intake on periodontal health

Although the nutritional risks contributing to periodontal disease are not
well established at present, recent epidemiologic findings suggest that there
is some association between inadequate intakes of certain nutrients and
periodontal disease [60,61]. The difficulty in determining the impact of
nutrition on periodontal diseases is complicated by confounding factors and
ethical issues in conducting controlled deficiency studies on human subjects.

The epidemiologic data from NHANES III suggest that the odds of
having periodontal disease were 20% greater with low intakes of vitamin C
[60]. Controlled studies of patients with periodontal disease and apparently
healthy adults with vitamin C intakes of 5 mg/day to 1500 mg/day have
shown mixed results regarding the influence of vitamin C status on periodon-
tal integrity [38,62–66]. In summary, there appears to be some link between
vitamin C and periodontal health, but the nature of that relationship
remains unclear [38].

The NHANES III data regarding calcium intake suggest that there is
a 56% greater risk of periodontal disease with calcium intakes of 500 mg/
day and a 27% greater risk for those consuming from 500 mg/day to 800
mg/day of calcium [61]. These numbers become important when we consider
that the average calcium intake for females aged 9 years and over is 657 mg/
day and that the intake for individuals with lactose intolerance averages 320
mg/day, placing these groups at higher risk for periodontal disease [67].

Conversely, a study in adolescent girls found a significantly decreased risk
for gingivitis with higher intakes of calcium and riboflavin and increased
frequency of fiber intake [68]. The number of meals and snacks with fiber
intake were associated with healthy gingivae, whereas total quantity of fiber
was not [68]. The researchers hypothesize that this effect may have been from
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the antioxidant substances in fruits and vegetables that promoted healing of
the periodontal tissues [68–70]. In terms of the low probability of gingivitis
in the adolescents with higher intakes of calcium and riboflavin, the effect
may be explained by the importance of these nutrients in maintaining host
resistance and periodontal health [68]. It also is likely, however, that because
these nutrients are both prominent in milk products, it is some other
component of milk not yet identified that had the antigingivitis effect.

To sum up, none of these findings prove the cause and effect of nutrition
on periodontal diseases but instead suggest an association. It is likely that
rather than a direct effect on periodontal diseases, suboptimal nutrition may
be a conditioning factor, making a host more susceptible to the development
of periodontal disease such as gingivitis [63].

Nutrition strategies to enhance immunity and prevent infection

Nutrition plays an important role in maintenance of the optimal func-
tioning of the immune response. Individuals who are undernourished have
impaired immune responses including abnormalities in adaptive immunity,
phagocytosis, and antibody function [21]. Animal studies suggest that
providing adequate levels of specific nutrients such as protein is associated
with improved immunocompetence and reduced mortality after infectious
challenge [3]. These findings point to the need to initiate nutritional stra-
tegies that may help reduce the occurrence of opportunistic infections in
immunocompromised patients [3].

The previous nutritional status of the patient, the nature and duration of
the infection, and dietary intake during recovery are important aspects
of nutrition that must be considered in order to improve the outcomes of
periodontal treatment, as well as other invasive dental procedures. A
nutritional assessment will help identify individuals with marginal nutri-
tional status or poor dietary habits who will benefit from nutritional
rehabilitation prior to extensive dental treatment.

The American Dental Association and the American Dental Hygiene
Association recommend following nutrition recommendations such as the
USDA Food Guide Pyramid and the Dietary Guidelines for Americans
[71,72] as basic guidelines for ‘‘educating and counseling their patients about
proper nutrition and oral health.’’ The average American diet contains more
than adequate amounts of protein and calories; however, patients should
also be encouraged to include nuts and legumes to meet some of their
protein needs, which will also increase intakes of vitamin E, copper, and
boron.

The average intake of fruits and vegetables in the United States is around
two servings per day, which is significantly below the recommendation of
three to five servings of vegetables and two to four servings of fruit. Fruits
and vegetables are excellent sources of vitamins A, C, and K, beta-carotene,
and magnesium.
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Low-fat dairy products should also be encouraged as excellent sources
of protein, calcium, vitamin A, and vitamin D. Two to four servings of
dairy products per day are needed to meet the new recommended dietary
allowance. Those who are lactose intolerant consume an average of 325 mg/
day of calcium, which is only 25% of the current recommended dietary
allowance of 1000 mg/day to 1300 mg/day, placing these patients at risk of
poor healing following implants and regeneration procedures. Patients
avoiding dairy products need to find alternative sources of calcium such as
fortified soy milk, rice milk, or orange juice, to name a few. Supplements
should be a last resort because they are often forgotten and are more
expensive than using food as a nutrient source.

For anyone with marginal nutrient intakes, more than the average
intakes of the USDA Food Guide Pyramid may be required to replete
nutrient levels. In individuals with chronic disease and in the elderly, a
multivitamin with minerals that has 100% of the recommended dietary
allowance levels taken daily may be beneficial for the prevention of infection
and to facilitate healing [7]. Supplementation with individual nutrients may
need to be provided for individuals with documented nutrient deficiencies,
but the use megadoses of nutrients should be discouraged until more
research supports their long-term daily use. Any patient with complex
nutritional needs should be referred to a registered dietitian for in-
dividualized nutritional advice.

Summary

Even though nutrition is not recognized as a risk factor for periodontal
diseases, nutrition is acknowledged to have a significant impact on optimal
functioning of the immune response. Dental professionals need to routinely
assess nutritional status and provide basic nutrition counseling to their
patients to ensure optimal functioning of the immune system in combating
infection and to promote optimal periodontal health.
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