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Abstract
We evaluated the association ofstress, dis-

tress, and coping behaviors with periodontal
disease in 1,426 subjects, aged 25 to 74, in
Erie County, NY. Demographic characteris-
tics, medical and dental history, and tobacco
and alcohol consumption, as well as clinical
assessments of supragingival plaque, sub-
gingival flora, gingival bleeding, calculus,
probing depth, clinical attachment level
(CAL), and radiographic alveolar bone loss
(ABL) were obtained for each subject. Sub-
jects also completed a set of 5 psychosocial
instruments that measured life events, daily
strains, hassles and uplifts, distress, and
coping behaviors. Internal consistencies of all
subscales on the instruments were high, with
Cronbach's alpha ranging from 0.88 to 0.99.
Logistic regression indicated that financial
strain was significantly associated with
greater attachment and alveolar bone loss
(OR 1.70; 95% CI, 1.09-2.65; and 1.68; 95%
CI, 1.20-2.37, respectively) after adjusting
for age, gender, and smoking. When those
with financial strain were stratified with re-

spect to coping behaviors, it was found that
those who exhibited high emotion-focused
coping (inadequate coping) had an even

higher risk of having more severe attachment
loss (OR 2.24; 95%> CI, 1.15-4.38) and alve-
olar bone loss (OR 1.91; 95% CI, 1.15-3.17)
than those with low levels offinancial strain
within the same coping group, öfter adjust-
ment for age, gender, and cigarette smoking.
Afterfurther adjusting for number of visits to

the dentist, those with financial strain who
were high emotion-focused copers still had
higher levels ofperiodontal disease based on

CAL (OR 2.12; 95%> CI, 1.07-4.18). In con-

trast, subjects with high levels of financial
strain who reported high levels of problem-
based coping (good coping) had no more per-
iodontal disease than those with low levels
of financial strain. Salivary cortisol levels
were higher in a test group exhibiting severe

Periodontitis, a high level offinancial strain,
and high emotion-focused coping, as com-

pared to a control group consisting of those
with little or no periodontal disease, low fi-
nancial strain, and low levels of emotion-
focused coping (11.04 ± 4.4 vs. 8.6 ± 4.1
nmol/L salivary cortisol, respectively). These
findings suggest that psychosocial measures

of stress associated with financial strain are

significant risk indicators for periodontal dis-
ease in adults. Further prospective studies
are needed to help establish the time course

of stress, distress, and inadequate coping on
the onset and progression ofperiodontal dis-
ease, as well as to evaluate the mechanisms
by which stress exerts its effects on perio-
dontal infections. Ann Periodontol 1998;3:
288-302.
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INTRODUCTION
Periodontal diseases are infections associ-

ated with specific pathogenic bacteria that
colonize the subgingival area. At least two of
these microorganisms, Porphyromonas gingi-
valis and Actinobacillus actmomycetemcomi-
tans, express potent virulence mechanisms
and can invade the gingiva. However, as with
many chronic infections, the onset and pro-
gression of periodontal infections are clearly
modified by local and systemic host condi-
tions, or risk factors, that markedly affect the
resistance of the host to infecting periodontal
organisms.

Systemic risk factors recently identified in
large epidemiological studies include diabe-
tes mellitus and cigarette smoking.1'3 In ad-
dition, gender (being male) and age are
associated with increased prevalence and se-

verity of periodontal disease.4 It has also been
shown that those with acquired immunode-
ficiency syndrome (AIDS) have periodontal
disease, including severe and painful necro-

tizing forms.5-6 Gender, diabetes mellitus, and
smoking were associated with more severe

periodontal disease after adjusting for possi-
ble confounding variables including local fac-
tors in the Erie County epidemiological study,
using attachment loss2 or alveolar bone loss3
as the primary outcome variable to measure

periodontal disease.
Potential risk factors include osteopenia7

and neutrophil disorders.8 Genetic polymor-
phisms may be associated with periodontal
disease. For example, the allelic polymor-
phism of the receptor for IgG2 (FC7RII or

CD32) has been proposed to be a risk
marker for localized juvenile Periodontitis.9
In adult Periodontitis, the genetic polymor-
phisms in genes for IL-1 have been associ-
ated with higher prevalence and more severe

forms of periodontal disease as compared to
the moderate forms among non-smokers.10

Studies by Grossi et al.2 show that self-
reported anemia and allergy represent an

apparent protective modifier for periodontal
disease expression. The mechanisms for
these two are unknown; however, they may
be related to the therapy provided for these
conditions.

Hence, a considerable body of data exists
relating systemic disease and habits such as

smoking to periodontal disease.1 There is
also a growing body of evidence linking
stress to periodontal disease; however, little
has been done to assess the mechanism by
which psychosocial stress, distress, and
coping influence periodontal disease initia-
tion and progression. The purpose of this
paper is to critically evaluate the evidence
for an association between stress and peri-
odontal disease and to present models for
assessing the mechanisms by which stress
may affect periodontal disease.

EVIDENCE FOR THE ASSOCIATION
BETWEEN PSYCHOSOCIAL STRESS

AND PERIODONTAL DISEASES
Acute Necrotizing Ulcerative
Gingivitis

Early studies of psychosocial stress and
periodontal disease linked acute necrotizing
ulcerative gingivitis (ANUG) with stress (for
review, see Murayama et al.11). It has been
observed, for example, that there is an in-
creased incidence of ANUG cases in college
students during examination periods in
comparison to other times.1214 Other studies
have also related emotional stress as a pre-
disposing factor to ANUG.1517 HPV infection
has been shown to be associated with severe

necrotizing ulcerative gingivitis (NUG), and it
has been proposed that stress is responsible
at least in part for the increased severity and
prevalence of NUG in HPV patients.18 20

THE ROLE OF PSYCHOSOCIAL
STRESS IN ADULT PERIODONTITIS

The role of psychosocial disturbances in
the etiology of periodontal disease was pro-
posed by many authors in the early litera-
ture.2125 Early case-control studies compar-
ing psychiatric patients to controls26 found
correlations between periodontal disease and
age, maladjustment, and hysteria scores, and
some measures of psychosomatic disorders.
Belting and Gupta27 compared 104 outpa-
tient psychiatric cases to 122 outpatients
without psychiatric problems at a veterans
hospital. Using the Russell Periodontal Index,
they found that periodontal disease was more
severe in the psychiatric patients as com-
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pared to controls when oral hygiene fre-
quency, level of calculus, age, and bruxism
and clenching were held constant. In a study
of periodontal disease as related to significant
life events, Green and coworkers28 assessed
50 subjects, aged 23 to 74, who were outpa-
tients at a VA hospital dental clinic and re-

quired either emergency dental treatment or
routine examination. They administered the
Life Experiences Survey, which represents
life changes that frequently occur in the gen-
eral population. They also rated the self-re-
ported impact of each event from negative to
positive. Periodontal disease was broadly
classified as normal, mild, moderate, or se-
vere. The authors also assessed the somati-
zation subscale of the Brief Symptom
Inventory. The authors reported significant
associations between life event stress and
periodontal status. It is not clear from this
uncontrolled study to what extent other fac-
tors such as age, education, smoking status,
and oral cleanliness had on these relation-
ships.

These early studies point to an associa-
tion between psychosocial stress and dis-
tress, but unfortunately do not account for
other contributing factors that we know to-
day are likely major risk factors for perio-
dontal disease, such as diabetes mellitus
and cigarette smoking. Furthermore, the
early studies did not account for coping be-
haviors and other potential modifiers of the
stress response. The above case series and
case-control studies are also limited in that
they are based upon small samples and sub-
jects who may not be representative of the
general population.

Early epidemiological studies, however,
do point to a link between psychosocial fac-
tors and oral diseases. For example, Oster-
berg and coworkers29 found differences in
the oral health status between married and
unmarried individuals, and Hunt and co-
workers30 showed that married people con-

sistently had lower rates of edentulism than
unmarried people. More recently, a study by
Marcenes and Sheiham31 assessed 164 male
workers, aged 35 to 44, measuring work
characteristics related to stress. They also
measured age, socioeconomic status, sugar
consumption, toothbrushing frequency, type

of toothpaste, and marital quality. They
found that work-related mental demand and
marital quality were statistically signifi-
cantly related to periodontal disease after
taking into account the other variables as-
sessed in the study. However, it is not clear
whether the authors took into account dia-
betes and smoking. Smoking, in particular,
may have been more common among those
under psychosocial stress which could ac-
count, in part at least, for the more severe

periodontal disease seen in this group.
A later case-control study from this same

group32 assessed the role of life events in
Periodontitis. In this study, life events, to-
bacco use, oral health behaviors, and so-

ciodemographics were assessed. The
association between Periodontitis and the
impact of life events, levels of dental plaque,
and employment status remained statisti-
cally significant after adjusting for the other
variables including smoking. However, to-
bacco smoking did not remain statistically
significantly related to periodontal disease in
this model. Marital status became statisti-
cally significant after adjusting for all of the
other variables. They further showed that
the negative impact of life events was related
to tobacco smoking, as was being unem-

ployed. Being unemployed was associated
with high levels of dental plaque, as well as
with tobacco smoking. These findings sug-
gest that life events are associated with per-
iodontal disease either by impacting upon
physiologic processes and/or by affecting at-
risk behaviors such as smoking and poor
oral hygiene, leading to increased disease
susceptibility. The association with marital
status corroborated previous epidemiologi-
cal studies that reported differences in oral
health status between married and unmar-
ried individuals,2930 suggesting that social
support systems also may be an important
determinant of oral health.

RESULTS FROM THE ERIE COUNTY
EPIDEMIOLOGICAL ASSESSMENT

OF STRESS AS A POTENTIAL RISK
FACTOR IN PERIODONTAL DISEASE

The association between psychosocial
stress, measures of distress, and coping be-
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haviors was investigated in an epidemic-log-
ical study of 1,426 participants in the Erie
County risk factor study (for a description of
the population and methods, see Grossi et
al.2-3). Self-administered questionnaires were

used to assess psychosocial stress, meas-

ures of psychological distress, and coping
style. To estimate stress, the Life Events
Scale33 and the Daily Strain Scale based on

the study of Pearlin and Schooler34 were

used. Impact and control of life events were

also assessed for the Life Events Scale. The
strains measured in the Daily Strain Scale
were assessed in 5 subscales that include
job strain, financial strain, spouse strain,
strain of being single, and strain related to
parenting children, as well as a global do-
main termed role strain. Participants in the
study were asked to indicate the extent to
which they agree with a statement or how
frequently conditions occur in each of the 5
social domains. Responses were coded as 1
to 4, and the average score was calculated
for each domain for each participant. Sub-
jects were asked to respond only to items
which applied to them; i.e., those subjects
who were unemployed at the time of the sur-

vey were requested to skip the questions re-

lated to job strain, and subjects who were

married or dating were asked to skip ques-
tions related to the strain of being single.

To measure distress, the Brief Symptom
Inventory, an abbreviated version of the SLC-
90-R, was used to measure psychological dis-
tress.35 Subjects were asked to rate how
much discomfort was experienced over the
past week for each of 53 items on a 5-point
scale. The Brief Symptom Inventory assessed
psychological symptoms in 9 areas: anxiety,
somatization, interpersonal sensitivity, psy-
choticism, paranoid ideation, depression,
hostility, phobic anxiety, and obsessive-com-
pulsive. Each symptom is scored on the basis
of responses to 4 to 7 items related to that
symptom. Anxiety reflects feelings of fear,
nervousness, and restlessness; somatization
reflects distress arising from bodily com-

plaints such as dizziness, hot spells, and
weakness; interpersonal sensitivity ad-
dresses problems associated with self-image
such as feeling inferior and being easily hurt;
and psychoticism can reflect severe psychotic

thought patterns, although the authors feel
this is more a measure of alienation.36 Para-
noid ideation reflects a high degree of suspi-
ciousness; depression reflects feelings of
loneliness and worthlessness; and hostility
reflects a tendency towards confrontation.
Phobic anxiety reflects fears and uneasiness
associated with unfamiliar surroundings,
and obsessive-compulsive reflects cognitive
functioning difficulties, such as trouble re-

membering things and difficulty making de-
cisions.

Coping style was assessed by using the
COPE Inventory.37 This instrument measures
the response of individuals to stress and pro-
vides information on problem-focused coping
and emotion-focused coping, as well as bad
coping. Those who score high on the prob-
lem-focused coping scale generally respond
to stressful situations by taking action, which
can be described as a coping style aimed at
solving problems as they arise. Emotion-fo-
cused coping is aimed at reducing or man-

aging the emotional stress associated with a

disturbing situation. Emotion-focused coping
tends to predominate when a situation must
be endured.

After participants completed an informed
consent form, medical screening question-
naire, and psychosocial questionnaires de-
scribed above, they underwent a clinical ex-
amination. For each tooth present, calibrated
examiners performed assessments of supra-
gingival plaque, gingival bleeding, subgingi-
val calculus, probing depth, and clinical at-
tachment level. Probing depth and clinical
attachment level were measured with the use

of a constant-force electronic periodontal
probe equipped with a computerized mea-
surement recording system. In each individ-
ual, mean values were calculated from the
tooth-specific values, which have been
described and the error reported previously.38
In addition, alveolar crestal height measure-
ments were made from standardized radio-
graphs according to the technique of Haus-
mann and Allen.39

Screening for specific microorganisms
was performed by collection of subgingival
plaque and semiquantitative immunoflu-
orescence. Two pooled subgingival plaque
samples were collected for each participant.
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Each pooled sample was made up of 6 me-
siobuccal samples collected with paper
points; one pooled sample came from 6 max-

illary teeth and one from 6 mandibular
teeth. Using immunofluorescence, the fol-
lowing microorganisms were assessed: A.
actinomycetemcomitans, Bacteroides forsy-
thws, Campylobacter rectus, Capnocyto-
phaga species, Eubacterium saburreum,
Fusobacterium nucleatum, P. gingivalis, and
Prevotella intermedia.

Venous blood samples were obtained from
each subject, and standard blood chemistry
measurements such as total cholesterol, al-
bumin, glucose, and uric acid levels were de-
termined. Antibody assays were also
performed for 3 putative periodontal disease
pathogens: A. actinomycetemcomitans, P.
gingivalis, and B. forsythus.

Various cutoffs for defining exposure were

initially evaluated. The description of the
questionnaire-based responses to the psy-
chosocial variables by case status is
presented in Moss et al.40 For this initial ex-

ploratory case-control analysis of psychoso-
cial factors in Periodontitis, we selected 71
cases and 77 controls among the partici-
pants40 and defined cutoffs for exposures de-
termined from the distribution of these
variables in the population. The preliminary
exploratory analysis showed that there is
likely an association for the global measure,
role strain, and periodontal disease that is
not completely explained by other factors
such as smoking, plaque score, or antibody
levels. There was also a strong association
between levels of B. forsythus and periodon-
tal disease among individuals with a high
depression score but not among individuals
with low depression scores, suggesting a

Psychoneuroimmunologie link between B.
forsythus antibody levels and adult Peri-
odontitis. In a longitudinal follow-up of these
same cases and controls, it was found that
individuals who had elevated levels of anti-
body to B. forsythus and high scores on the
depression scale were also more likely to ex-

perience periodontal disease. This achieved
statistical significance when income level
and current smoking status were included
as covariates.

We next analyzed the full data from the
study of all 1,426 participants in the Erie
County risk factor study.23 In a detailed
analysis of stress, distress, and coping be-
haviors and their association with periodon-
tal disease, we first assessed the reliability
of subjects' responses and internal consis-
tency between items and subscales of the
psychosocial instruments (unpublished
data). Internal consistencies of all of the sub-
scales of each of the instruments used were

high, with Cronbach's alpha ranging from
0.88 for financial strain to 0.99 for job
strain. Factor analysis also revealed that
items on each subscale clustered appropri-
ately for our population.

We next assessed the associations be-
tween psychosocial factors and periodontal
disease status and found that individuals
with high levels of clinical attachment loss
had higher scores on the financial strain
scales than periodontally healthy individu-
als. The mean attachment loss was 1.98 ±
0.07 mm for those with high financial strain
versus 1.66 ± 0.9 mm for individuals re-

porting low levels of financial strain, after
adjusting for age, gender, and cigarette
smoking (P = 0.008). A similar significant
difference was found for individuals with
high levels of financial strain and greater
loss of alveolar bone height as compared to
the low financial strain group. Stepwise or-
dinal logistic regression analysis was carried
out and showed that of all the measures of
stress including life events and daily strains,
only financial strain was significantly asso-
ciated with greater attachment loss (OR
1.70; 95% CI, 1.09-2.65) and alveolar bone
loss (OR 1.68; 95% CI, 1.20-2.37) after ad-
justing for age, gender, and cigarette smok-
ing. Also, depression was related to greater
attachment loss (OR 1.51; 95% CI, 1.02-
2.22).

When coping behaviors were evaluated for
those with high financial strain, it was found
that those who were high emotion-focused
copers, a form of inadequate coping, had a

higher risk of more severe attachment loss
(OR 2.24; 95% CI, 1.15-4.38) and alveolar
bone loss (OR 1.91; 95% CI, 1.15-3.17) as

compared to those with low levels of finan-
cial strain within the same coping group.
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These results were adjusted for age, gender,
and cigarette smoking. Similar results were

found among the low problem-focused cop-
ers for attachment loss (OR 2.21; 95% CI,
1.11-4.38) and alveolar bone loss (OR 2.12;
95% CI, 1.28-3.51). However, subjects with
high levels of financial strain who reported
high levels of problem-focused coping, a

form of adequate or good coping, had no

more periodontal disease than those with
low levels of financial strain. These analyses
suggest that the effects of stress on perio-
dontal disease can be moderated by ade-
quate coping behavior. In addition, subjects
with higher financial strain and those with
depression had significantly more risk for
periodontal disease after adjusting for age;
gender; cigarette smoking; systemic diseases
such as diabetes mellitus, allergy, and ane-

mia; periodontal microorganisms; and emo-

tion-focused coping.
In summary, psychosocial measures of

stress associated with financial strain and
distress (manifested as depression) are sig-
nificant risk indicators for periodontal dis-
ease in adults. Of considerable interest is
the observation that adequate coping behav-
iors as evidenced by high levels of problem-
focused coping may reduce the stress-asso-
ciated risk for periodontal disease.

Whether stress-associated risk for perio-
dontal disease is related to Psychoneuroim-
munologie changes and/or behavioral
changes is yet to be determined. However,
one indication that Psychoneuroimmunologie
mechanisms may play a role comes from our

assessment of salivary cortisol in the Erie
County study (unpublished data). We evalu-
ated a randomly selected group of patients
from the Erie County study who reported
high levels of financial strain and poor coping
strategies and found that they had signifi-
cantly higher levels of salivary cortisol as

compared to a control group who exhibited
no significant attachment loss, had low fi-
nancial strain, and were low emotion-focused
copers. Salivary samples were also adjusted
for Circadian variation in cortisol levels by
matching the time of day at which the sam-

ples were collected. Salivary cortisol levels,
rather than serum levels, were selected since
taking saliva is not subject to alterations

associated with the stress of venipuncture.
There was a direct correlation of salivary cor-
tisol levels and alveolar bone loss in patients
with established Periodontitis who had high
levels of financial strain and poor coping
strategies. The partial correlation coefficient
between alveolar bone loss and salivary cor-
tisol level in this group was 0.71 after ad-
justing for gender, age, smoking (pack years),
financial strain, and emotion-focused coping.
These associations of salivary cortisol levels
and stress, coping, and periodontal disease
suggest that the effect of stress on periodon-
tal disease is mediated, at least in part, by
Psychoneuroimmunologie mechanisms.

MOLECULAR AND ENDOCRINE
MECHANISMS OF THE STRESS

RESPONSE
The cellular and molecular basis for the

interaction between the immune system and
central nervous system (CNS), which medi-
ates the effects of stress in maintaining im-
munologic and behavioral homostasis, has
been the subject of intense study. Analyses
of the role of stress in infectious processes
such as periodontal disease should consider
the overall effect of Stressors appraised by
the brain. The stress-induced responses ei-
ther result in change in behavior or are

transmitted to the hypothalamic/pituitary/
adrenal (HPA) axis to promote the release of
corticotropic-releasing hormone (CRH) from
the hypothalamus and glucocorticoids from
the adrenal cortex (Fig. 1). Stress perceived
by the brain stimulates the hypothalamus to
produce CRH, which is released into the hy-
pophyseal portal system, activating the pi-
tuitary gland to release adrenocorticotropic
hormone (ACTH), which in turn induces re-
lease of corticosteroids from the adrenal cor-
tex.

Glucocorticoids, including cortisol (the
primary glucocorticoid), exert major sup-
pressive effects through highly specific
mechanisms at multiple levels. For example,
in vivo glucocorticoids reduce the number of
circulating lymphocytes, monocytes, and eo-

sinophils. They also inhibit the accumula-
tion of eosinophils, macrophages, and
neutrophils at inflammatory sites.4142 At the
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Figure 1. Behavioral and physiological effects of stress. CRH = corticotropic-releasing hor-
mone; ACTH = adrenocorticotropic hormone; TNF = tumor necrosis factor; slgA = secretory
Immunoglobulin A. Modified with permission from the Annals of Internal Medicine 1992;117:
855.

molecular level, glucocorticoids profoundly
inhibit important functions of inflammatory
cells including macrophages, neutrophils,
eosinophils, and mast cells in functions
such as Chemotaxis, secretion, and degran-
ulation.4243 Glucocorticoids also inhibit the
cascade of the immune response by inhibit-
ing macrophage-antigen presentation, lym-
phocyte proliferation, and lymphocyte
differentiation to effector cell types such as

helper lymphocytes, cytotoxic lymphocytes,
natural killer cells, and antibody-forming B
cells.44 Corticosteroids also inhibit produc-
tion of cytokines including IL-1, IL-2, IL-3,
and IL-6, tumor necrosis factor, interferon
gamma, and granulocyte and monocyte col-
ony stimulating factors. Glucocorticoids in-
hibit arachidonic acid-derived proinflam-
matory mediators such as Prostaglandins
and leukotrienes.45 Glucocorticoids also in-
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duce endogenous anti-inflammatory proteins
and lipocortins, which have the capability of
inhibiting phospholipase A2, thereby inhib-
iting generation of eicosanoids.43 Hence, the
stress-related stimulation of the HPA axis
with the production of glucocorticoids such
as cortisol has major suppressive actions on
immune and inflammatory responses. This
represents the major effector arm of the
CNS-hormonal axis.

There is also an afferent or feedback arm

consisting of stimulation of the HPA axis by
cytokines (Fig. 1). Although physical and
emotional Stressors are major stimulators of
the HPA axis, soluble molecules of the im-
mune system such as the cytokines can also
activate this axis. These peripherally gener-
ated cytokines activate the HPA axis at all of
its levels including hypothalamic CRH neu-

ron, pituitary corticotrophs, as well as the ad-
renal cortex.4649 Peripherally generated
mflammatory mediators that can activate the
HPA axis include lymphocyte-derived gamma
Interferon, IL-2, IL-6, macrophage-derived IL-
1, and tumor necrosis factor (Fig. 1).

The infrastructure for communication be-
tween the central nervous system and im-
mune system which acts as a feedback loop
is beginning to be understood at the molec-
ular and cellular level. This Psychoneuroim-
munologie network may explain the role of
stress in infections and inflammatory dis-
eases of man.50

MENTAL STRESS RESPONSE
TRIGGERING THE HPA AXIS WITH

IMMUNOSUPPRESSIVE EFFECTS: A
MODEL FOR UNDERSTANDING THE
ROLE OF STRESS IN PERIODONTAL

DISEASE
One model to evaluate the role of psycho-

social stress and coping behaviors in perio-
dontal disease is depicted in Figure 2.
According to this model, psychosocial stress
can activate the central nervous system. The
hypothalamus releases CRH which, among
other things, stimulates release of ACTH
from the pituitary, which in turn results in
production of cortisol by the adrenal cortex.
Glucocorticosteroids, including cortisol,

then depress immunity including secretory
IgA, IgG, and neutrophil functions, all of
which may be important in protection
against infection by periodontal organisms.
Secretory IgA antibodies may protect by re-

ducing initial colonization of periodontal
pathogens. IgG antibodies may exert protec-
tion by opsonizing periodontal organisms for
phagocytosis and killing by neutrophils.
This then gives rise to increased suscepti-
bility, which leads to the establishment of
periodontal infection which, in turn, results
in destructive Periodontitis. Periodontitis is
brought about by tissue-destroying factors
such as IL-1 and matrix metalloproteinases
activated by the periodontal pathogens, as
well as by the direct effects of pathogenic
bacteria.

Evaluation of salivary IgA levels in pa-
tients with periodontal disease as compared
to normal subjects has been controversial.
For example, Brandtzaeg et al.51 found that
IgA concentration in whole saliva is higher
in subjects with periodontal inflammation
than in clinically healthy individuals. A
study by Chandler et al.52 failed to demon-
strate differences in parotid salivary IgA con-
centration or in secretion rate when
correlated to periodontal inflammation.
However, the latter study was small, with
only 12 subjects free of oral infection as

compared to 40 subjects with varying levels
of periodontal disease. Clearly, levels of pa-
rotid serum antibodies and other immuno-
logic functions in patients with periodontal
disease who are under stress need to be
evaluated to assess whether model 1 is ac-
curate in describing the Psychoneuroim-
munologie events occurring in periodontal
disease in individuals under stress.

Mental as well as physical stress can also
result in responses being transmitted to the
autonomic nervous system and then to the
adrenal medulla, resulting in secretion of cat-
echolamines such as epinephrine and nor-

epinephrine.53'54 Catecholamines then affect
Prostaglandin and proteases, which in turn,
could enhance periodontal destruction.

Evidence for model 1 is limited and con-

sists of reports of altered salivary IgA in Peri-
odontitis patients,51 along with our findings
of elevated salivary cortisol levels in subjects
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Psychosocial Stress

Adequate Coping - L + Inadequate Coping

Autonomie
Nervous System

Activation of
CNS

Acute/ +

Adrenal
Medulla
(NE, E)

Pituitary
(ACTH)

Adrenal Cortex
(Cortisol)

Prostaglandins
and Proteases Depressed

Immunity
(slgA,lgG,PMN)

Infection

Hypothalamus
(CRH)

Chronic

+ IL-1,MMP

Periodontal
Disease

Figure 2. Model 1. A physiological model for effects of stress on periodontal disease. CNS =

central nervous system; CRH = corticotropic-releasing hormone; ACTH = adrenocorticotropic
hormone; NE

 

norepinephrine; E = epinephrine; MMP = matrix metalloproteinase.
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Psychosocial Stress

r
Behavioral

Disease
Figure 3. Model 2. Psychosocial stress and its effect on behavior as manifested by alterations
in periodontal disease.

with severe periodontal disease who have fi-
nancial strain and are inadequate copers. To
fully evaluate model 1, experiments must be
expanded to other populations. In addition,
they must assess immune functions and in-
clude longitudinal studies in which the time
sequence of elevated cortisol levels and im-
mune dysfunction and development of peri-
odontal diseases are evaluated.

MENTAL STRESS RESPONSE
LEADING TO BEHAVIORAL

CHANGES
In the second model of the role of psycho-

social stress on periodontal disease, it is hy-
pothesized that the main effects of stress
occur through behavioral changes which af-
fect at-risk health behaviors such as smok-
ing, poor oral hygiene, and poor compliance
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with dental care (Fig. 3). There is also a pos-
sibility that stress leads to other behavioral
changes such as overeating, especially a

high-fat diet, which then can lead to immu-
nosuppression through increased cortisol
production. There are certainly many other
possible behaviors that could be affected by
stress and inadequate coping and distress,
such as depression, which would have sig-
nificant effects on periodontal disease. Any
evaluation of the role of stress in periodontal
disease would have to take into considera-
tion these at-risk health care behaviors to
determine to what extent they contribute to
the interaction between stress and periodon-
tal disease.

STRESS HYPOTHESIZED AS A
COMMON PATHWAY FOR SEVERAL
RELATED CHRONIC DISEASES OF

MAN
It has become clear that not only do sys-

temic diseases such as diabetes (see review
by Genco1) and osteoporosis7 increase the
risk for periodontal disease, but also that
periodontal disease may increase the risk of
systemic diseases such as cardiovascular
disease.55 58 Periodontal disease may also in-
crease the risk for preterm delivery.59

It is well established that cardiovascular
disease, diabetes mellitus, preterm delivery,
and osteoporosis are related to stress either
as a physiological response to stress or as a

behavioral response. It may be that stress is
a significant common risk factor for diabetes
mellitus, cardiovascular disease, preterm
delivery, and osteoporosis, as well as perio-
dontal disease (Fig. 4). Of course, different
Stressors and different responses to stress
may be operative in each disease.

Communication between the central ner-

vous system and the immune and endocrine
systems has given rise to the field of psycho-
neuroimmunology. For example, Ader and
Cohen60 showed that the central nervous

system is involved in the immune response.
The role of the HPA axis and cytokine regu-
latory loop as described above and depicted
graphically in Figure 1 is reasonably well es-

tablished. However, it is becoming clear that
stress can also regulate neuroendocrine

functions.61 For example, when the hypotha-
lamic-pituitary-gonadal (HPG) axis is called
into play or inhibited during stress, there is
production of sex hormones such as estro-
gen, progesterone, prolactin, and growth
hormone which have major effects on the
immune system, and alpha-melanocyte-
stimulating hormone which is anti-inflam-
matory.6266 These factors may be involved in
gender-associated conditions such as post-
menopausal osteoporosis.

Accordingly, we hypothesize that stress is
a common pathway for several chronic dis-
eases of man. Psychosocial stress as modi-
fied by perceptions and coping can lead to
physiological processes through: 1) the HPA
axis, resulting in glucocorticosteroids; 2) the
autonomic nervous system, resulting in the
release of catecholamines; or 3) the HPG
axis, resulting in the release of sex hor-
mones. These could have major effects on
cardiovascular disease, diabetes, periodon-
tal disease, preterm delivery, and osteopo-
rosis. Alternately or simultaneously, stress
that is modified by perceptions in coping can

give rise to at-risk health behaviors, which
then could affect the same spectrum of
chronic diseases.

It is clear that much is to be learned about
the role of stress in these diseases and that
if stress is indeed a common causal pathway,
to what extent intervention in stress will have
an effect in moderating these major chronic,
debilitating diseases of man. Studies of risk
factors for periodontal disease, diabetes, car-
diovascular disease, preterm delivery, and
osteopenia should include a rigorous evalu-
ation of stress, distress, and coping behaviors
for a full understanding of the risk patterns
among these diseases.

GUIDELINES FOR EVALUATION OF
THE ROLE OF PSYCHOSOCIAL

STRESS IN PERIODONTAL DISEASE
We propose guidelines for the evaluation

of the role of psychosocial stress in perio-
dontal disease for future studies. As we

learn more about this field, other guidelines
and experimental approaches may also be
useful.

Annals of Periodontology



Models to Evaluate the Role of Stress in Periodontal Disease 299

Stress hypothesized as a common pathway
for several chronic diseases of man

STRESS
(perceptions and coping)

Physiologic
Processes

At - Risk
Health
Behaviors

Cardiovascular
Disease

Diabetes
Mellitus

Periodontal
Disease

Preterm Delivery Osteoporosis

Figure 4. The common pathway of stress related to periodontal disease, cardiovascular dis-
ease, diabetes mellitus, preterm delivery, and osteoporosis.

1. Periodontal disease should be mea-
sured as a unique disease outcome, not in-
cluded in a composite index with other oral
diseases.

2. Stress and distress, as well as coping
behaviors, should each be assessed by vali-
dated instruments. These instruments, of
course, would be best validated by prior

study but also should be validated on the
particular population to which they are ap-
plied.

3. At-risk behaviors should be measured
including oral health behaviors such as pre-
ventive dental visits, compliance with oral
hygiene regimens, and an assessment of
plaque, gingivitis, and other existing dis-
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ease(s) as this may indicate compliance with
oral health regimens.

4. Case series and case-control studies
can generate hypotheses; however, large
cross-sectional and longitudinal epidemio-
logical studies may be needed to rigorously
establish that psychosocial factors such as

stress, distress, and coping behaviors are in-
deed true risk factors for periodontal dis-
ease.

5. Studies of mechanism(s) by which psy-
chosocial stress or distress exert effects on

periodontal disease are needed to establish
the biological rationale for this relationship.
Such studies may include assessment of
biochemical mediators of stress, immune
functions, or neurological and endocrine al-
terations, as well as behavioral changes. An-
imal models to test mechanisms may be
instructive.

6. Intervention studies using stress man-

agement to reduce stress or distress with
randomized controlled trial methodology are

necessary to establish efficacy of modifica-
tion of stress as a modality in the manage-
ment of stress-associated disease.

SUMMARY
Studies to date strongly suggest that

stress, distress, and inadequate coping are

important risk indicators for periodontal dis-
ease. Furthermore, it is likely that systemic
diseases associated with periodontal disease
such as diabetes, cardiovascular disease,
preterm delivery, and osteoporosis may
share psychosocial stress as a common risk
factor. These early beginnings will require
extensive study to fully understand the mo-
lecular and cellular basis of the role of
stress, and in turn these studies may lead to
effective intervention strategies that mini-
mize or negate stress as a contributor to per-
iodontal diseases.
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