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Background. Findings from several studies suggested an association between oral health and several health outcomes
including cardiovascular disease, aspiration pneumonia, malnutrition, poor quality of life, and mortality. Using data from
the Baltimore Longitudinal Study of Aging (BLSA), we tested the hypothesis that number of teeth is indicative of
mortality risk independent of other confounders.

Methods. Dentists conducted a standardized oral examination that included tooth count, tooth with coronal and cervical
caries count, and gingival and periodontal index. Blood tests used in the analysis included fasting glucose, oral glucose
tolerance test, serum low-density lipoprotein (LDL), high-density lipoprotein (HDL) cholesterol, triglycerides, and white
blood cell counts. Physical activity, skin fold thickness, body mass index and chronic diseases were also evaluated.

Results. Of the 500 BLSA participants evaluated, 198 died an average of 130 (675) months postdental evaluation, and
302 survivors were followed for a mean of 185 (690) months. Based on multivariate Cox regression models, being
edentulous or having than 20 teeth was independently associated with mortality.

Conclusion. The results of this study support the notion that number of teeth is a significant and independent risk
indicator for early mortality. These findings suggest that the improvement of oral health may have a positive impact on
general health and may delay mortality.
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POOR oral health affects a large number of people
around the world and contributes to increased morbidity

and mortality (1). Findings from several studies suggest an
association between oral health and several health outcomes
including cardiovascular disease (2), aspiration pneumonia
(3), malnutrition (4,5), and poor quality of life (6–8). Rela-
tionships between some aspects of oral health and mortality
have also been investigated, but without adequate control
for important confounding factors that may be related to
oral health and are also independent risk factors for mor-
tality (9–16).

Studies have shown that self-assessed masticatory
disability (14), number of missing teeth (4,9,12), and urgent
need of dental treatment (12) predict mortality and use of
adequate dentures reduces the risk of mortality (11).

It is important to emphasize that oral diseases are linked
to noncommunicable chronic diseases primarily through
shared common risk factors such as age, lifestyle behaviors,
dietary habits, smoking, and low socioeconomic status
(16,17). Accordingly, there is some evidence that, after
adjusting for these risk factors, the relationship between oral
health and cardiovascular mortality is weakened (16).

Two mechanisms by which poor oral health may directly
affect all cause and cardiovascular mortality also have been
hypothesized. Poor oral health is a major cause of a pro-
inflammatory state and through this mechanism may
accelerate the atherosclerotic process or precipitate a plaque

rupture. In addition, poor oral health may affect eating
behavior and contribute to poor nutrition, which has also
been identified as a risk factor for mortality (10).

Using data from the Baltimore Longitudinal Study of
Aging (BLSA), we tested the hypothesis that number of
missing teeth, a simple but reliable proxy measure of oral
health, is a risk indicator for mortality independent of other
confounders. The BLSA is an ideal study for testing this
hypothesis because the oral examination was done concur-
rently with assessment of major cardiovascular conditions.
In addition, participants were evaluated at regular intervals
for many years with an average follow-up for mortality of
10 years.

METHODS

The BLSA is America’s longest-running scientific study
of human aging (starting in 1958). Detailed information on
dental data was collected between 1978 and 1999. Dental
variables assessed included dental caries, periodontal status,
dental prosthetic status, salivary gland function, oral health-
related behaviors, and access to dental services. All
participants had a dental care insurance plan.

There were 773 participants with dental files in the
BLSA, of which 500 had information on number of teeth
and were included in this study. Mean age was 57.46
(617.37). Four hundred eight individuals (81.6%) were
men. Participants were followed for mortality from time of
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study entry through 2004. Mortality ascertainment of
inactive participants was done by telephone follow-up,
correspondence from relatives, and annual searches of the
National Death Index.

Dental assessment was performed by dentists, and
included number of teeth, number of teeth with coronal
and cervical caries, number of teeth with caries, and the
DMFT index (sum of the number of decayed, missing and
filled teeth). This index provides information on the dental
status related to dental caries. DMFT index was assessed in
accordance with World Health Organization (WHO) criteria
(18). All teeth were examined, except the third molars.
Periodontal assessment included the Gingival Index (GI)
(19) and Periodontal Index (PDI) (20). Six teeth were ex-
amined, 16, 21, 24, 36, 41, and 44. Six sites were examined
for each tooth, mesiobuccal, buccal, distobuccal, mesiolin-
gual, lingual, and distolingual. For GI and PDI, six scores
were assigned per tooth; an average score was calculated per
tooth, and an average for the six examined teeth was
calculated. The GI is based on the status of gingival tissues.
The scores are ‘‘zero’’ for normal gingiva, ‘‘one’’ for mild
inflammation with a slight change in color, slight edema,
and no bleeding on probing; ‘‘two’’ for moderate in-
flammation with redness, edema, glazing and bleeding on
probing; and ‘‘three’’ for severe inflammation with marked
redness and edema, ulceration and tendency to spontaneous
bleeding. The PDI was accessed in accordance with
Ramfjord criteria (20). If the gingival margin did not extend
apically to the cement–enamel junction at any of the
measured areas, then the PDI score is the same the GI score
(0, 1, 2, or 3 according to GI criteria). The score 4 is
applicable when gingival margin extends apically to the
cement-enamel junction but not .3.0 mm. The score 5 is
applicable when gingival margin extends apically to the
cement-enamel junction with a distance of 3.1–6.0 mm. The
score 6 is applicable when gingival margin extends apically
to the cement-enamel junction with a distance of .6.0 mm.

Frequency of tooth brushing was assessed by asking
participants ‘‘how often do you brush your teeth’’; and fre-
quency of visits to the dentist was assessed with the question
‘‘How often do you visit a dentist?’’ Number of teeth was
categorized as follows: Edentulous (number of teeth ¼ 0),
1–19 teeth, and �20 teeth (functional dentition) (21).

Sociodemographic data included age (categorized as
�65 years or .65 years), years of formal education, and
sex. Smoking was categorized as current smoker versus
former or never smoker. Self-rated health status was
assessed by asking participants whether they rated their
health as ‘‘robust,’’ ‘‘average,’’ or ‘‘poor.’’

Blood tests used in the analysis included fasting glucose,
serum glucose assessed 2 hours postglucose challenge (75 g
of glucose in 300 mL of solution), LDL cholesterol, HDL
cholesterol, triglycerides, and white blood cell counts.
Laboratory assays were performed at the time of the
participant’s visit within the clinical laboratories at the
National Institute on Aging.

Physical activity was assessed using an open-ended
questionnaire covering the full gamut of possible activities
(22). Participants were asked to report the amount time spent
performing 97 activities, including high-intensity physical

activities such as vigorous calisthenics, running, or lap
swimming. The intensity of each activity was estimated in
metabolic equivalents of oxygen uptake (METs) (23). One
MET approximates resting energy expenditure in terms of
oxygen uptake.

Abdominal skin fold thickness was measured on the right
side of the abdomen with a large caliper. Lower waist
circumference was measured level with the top of the iliac
crest. Cut points used in the analysis were in accordance
with the American Heart Association. Waist circumference
was considered elevated when it exceeded 88 cm in women
and 102 cm in men (24). Body mass index (BMI) was
calculated as weight (in kilograms) divided by height (in
meters) squared.

Myocardial infarction (MI) was defined as documented
MI by medical and hospitalization history and/or typical Q
waves on a resting electrocardiogram. Angina pectoris was
identified by medical history and current use of anti-ischemic
agents or positive ischemic treadmill stress testing and
clinical symptoms (Rose criteria). Cancer was defined as
non-skin cancer documented by medical history and hospi-
talization report. Clinical diabetes was defined as history of
diabetes with current use of insulin or hypoglycemic agent or
two consecutive positive oral glucose tolerance tests (200
mg/dL or more at 120 minutes after 75 g glucose beverage
intake). History of stroke was confirmed by medical history
and hospitalization records. Transitory ischemic attack was
characterized by history of sudden numbness or weakness in
the face, arm, or leg; confusion or difficulty in talking or
understanding speech; trouble seeing in one or both eyes;
and difficulty with walking, dizziness, or loss of balance and
coordination that last for few minutes to ,1 hour and
absence of clinical and image evidence of stroke. Congestive
heart failure (CHF) was characterized as documented CHF
by medical history and hospitalization report. This study was
approved by the Institutional Review Board and all par-
ticipants provided written informed consents.

Statistical Analysis
The main characteristics of participants who died versus

those who remained alive over the follow-up are reported as
mean 6 standard deviation or percentages. Differences
between groups were tested using age- and sex-adjusted
analysis of covariance (ANCOVA) models.

Cox proportional hazards analysis was used to evaluate
the univariate and multivariate associations between char-
acteristics at study entry and time to death, with emphasis on
number of teeth. Time to death was determined from the
time of the first visit in the BLSA study until the day of
death or end of the follow-up, whichever came first.

Assumptions of the Cox model were checked by looking
at the distribution of Cox–Snell residuals (censored partic-
ipants), Schoenfeld residuals (proportionality assumption),
Martingale residuals (functional form) of the association,
and deviance residuals for identifying poorly predicted par-
ticipants. Data were analyzed using the SPSS 12.0 statistical
software (SPSS Inc, Chicago, IL).

Associations between number of teeth and mortality were
adjusted for age, sex, education, smoking, self-rated health,
serum fasting glucose, 2-hour postchallenge serum glucose,
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LDL and HDL cholesterol, triglycerides, white blood cell
counts, high-intensity physical activity, total physical ac-
tivity, abdominal skinfold thickness, lower waist circumfer-
ence, BMI, MI, cancer, clinical diabetes, angina, stroke,
transitory ischemic attack, CHF, number of teeth with cor-
onal and cervical caries, DMFT, average GI, average
PDI, frequency of tooth brushing, and frequency of visits
to the dentist.

All variables associated with mortality with a p value ,
.25 were considered potential confounders and were
included in the multivariate model predicting mortality.
Variables not contributing to the model fit (i.e., p . .25)
were removed from the final model using a backward
selection algorithm.

RESULTS

Of the 500 BLSA participants available for the analysis,
302 survived and 198 died over a mean 164 (689) months
of follow-up. Survivors were followed for a mean of 185
(690) months. The range of follow up for survivors was
22–324 months. Participants who died were followed for
a mean of 130 (675) months after baseline evaluation. The
range of follow-up for deceased was 2–316 months.

Sociodemographic and medical characteristics of study
participants are shown in Table 1, according to survivorship
and adjusted for age and sex. Dental characteristics of
participants according to the survival status are given in

Table 2. Only the average GI, an indicator of gingival
status, differed between survivors and deceased participants.
Table 3 shows the results from chronic diseases of BLSA
participants according to the survival status.

In univariate Cox regression models, age, male sex, self-
rated health of ‘‘average’’ or ‘‘poor’’ and 2-hour post-
challenge serum glucose, MI, cancer, clinical diabetes,
angina, transitory ischemic attack and CHF were signifi-

Table 1. Sociodemographic and Medical Characteristics of BLSA Participants, by Survival Status

Sociodemographic and Medical Variables Survivors (N ¼ 302) Decedents (N ¼ 198) p*

Age, y 48.38 6 14.52 71.31 6 11.10 .001y

Sex, % males 80.5% 83.3% .48y

Education, y 15.81 6 3.85 15.41 6 4.14 .65

Current smoker 13.6% 12.1% .03

Self-rated health .79

Robust 42.5% 27.1%

Average 54.7% 60.4%

Poor 2.8% 12.5%

Serum cholesterol, mg/dL 214 6 37 216 6 40 .14

Serum LDL, mg/dL 119 6 32 119 6 33 .28

Serum HDL, mg/dL 45 6 11 46 6 12 .55

Serum triglycerides, mg/dL 110 6 68 107 6 33 .96

Fasting glucose, mg/dL 97.89 6 8.41 99.28 6 10.11 .55

Two hours postglucose challenge, mg/dL 123.30 6 37.76 138.53 6 37.81 .84

White blood cell count, /mm3 6566 6 1410 6798 6 1691 .01

High-intensity physical activity, in METS 149.62 6 181.39 74.61 6 134.28 .09

Total physical activity, in METS 2181 6 394.6 1994 6 396.5 .87

Skinfold thickness right abdomen, cm 1.63 6 0.83 1.43 6 0.77 .10

Lower abdomen circumference

Normal 75.1% 73.8% .77

Elevated 24.9% 26.2%

Body mass index, kg/m2

Underweight 2.3% 5.6% .89

Normal 48.8% 46.0%

Overweight 39.2% 38.4%

Obese 9.6% 10.1%

Notes: *Analysis of covariance model adjusted for age and sex, except for age and sex. Data are referred as mean values 6 standard deviation or percentages.
yUnpaired t test or Chi-square.

BLSA ¼ Baltimore Longitudinal Study of Aging; LDL¼ low-density lipoprotein; HDL ¼ high-density lipoprotein; METS¼ metabolic equivalents.

Table 2. Dental Characteristics of BLSA Participants

Dental Variables Survivors (N ¼ 302) Deaths (N ¼ 198) p*

Number of teeth

.20 (ref.) 90.4% 63.1% .27

1–19 7.6% 27.8%

0 2.0% 9.1%

Teeth with coronal caries 0.84 6 1.58 0.54 6 1.13 .94

Teeth with cervical caries 0.30 6 0.8 0.62 6 1.24 .26

Teeth with caries 0.97 6 1.44 0.93 6 1.79 .72

DMFT 17.21 6 6.36 20.97 6 5.94 .52

Average GI 1.52 6 0.65 1.73 6 0.65 .01

Average PDI 4.04 6 0.88 4.58 6 0.86 .88

Brushes teeth � 2/d 63.8% 61.6% .43

Visits dentist � 1/y 82.6% 80.1% .39

Notes: Data are referred as mean values 6 standard deviation or

percentages.

*Analysis of covariance model adjusted for age and sex.

BLSA ¼ Baltimore Longitudinal Study of Aging; DMFT ¼ sum of the

number of decayed, missing and filled teeth; GI ¼ Gingival Index; PDI ¼
Periodontal Index.
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cantly associated with all-cause mortality. Of the dental
variables, univariate Cox regression models showed that the
number of teeth, teeth with cervical caries, DMFT and
average PDI were associated with mortality risk.

In multivariate Cox regression models, age, white blood
cell counts, and being edentulous or having ,20 teeth, past
MI, and clinical diabetes were independently associated with
mortality, even after adjusting for potential confounders
(Table 4).

DISCUSSION

Using data from the BLSA, we found that missing teeth
was a significant risk factor for mortality, even after
controlling for potential confounders such as serum fasting
glucose, total cholesterol, BMI, past clinical diabetes, and
other oral health–related variables that included caries and
periodontal disease. Findings from this study are in accor-
dance with other studies that showed a strong association
between oral health-related variables and mortality, partic-
ularly among elderly participants (9–17).

It has been hypothesized that the association between oral
health and mortality, particularly that stemming from
cardiovascular disease, may be due to the fact that both
dental and cardiovascular diseases share common risk
factors, including age, smoking, and low socioeconomic
status (16). This hypothesis, however, is not supported by
recent findings showing that associations between tooth loss
and both all-cause and cardiovascular mortality remained

statistically significant even after controlling for sociodemo-
graphic variables and behavioral risk factors such as
smoking (25). In the current work, additional potential
confounders such as serum cholesterol, fasting glucose, and
2-hour postchallenge serum glucose, serum triglycerides,
and chronic diseases such as diabetes and cardiovascular
diseases were accounted for and thus our findings support
and expand those reported by Cabrera and colleagues (25).

Tooth loss results mainly from dental caries and peri-
odontal diseases, the most common oral infections which
result from, among other factors, poor oral health. Thus,
poor oral health would lead to oral infections, particularly
periodontal diseases, which are chronic inflammatory
conditions able to produce a mild but persistent systemic
inflammatory response (26) known to be associated with
elevated levels of systemic inflammatory markers such as
interleukin (IL)-1 and IL-6 (26–31).

Nutrition and its relationship to oral health status have
been described as possible mediators for the excess
mortality observed in people with tooth loss. Pain, infection,
and missing teeth can impact mastication, food choice, and
nutrition (32). Poor diet and food choices are associated
with declining numbers of teeth and increasing age (33).
People who have lost teeth can become quite handicapped
by their dentition and, as a consequence, substantially re-
duce their intake of fruit, vegetables, and other key nutrients
(34) shown to be associated with increased survival and
lower cardiovascular mortality (35). Moreover, adults who
have no natural teeth and wear complete replacement
dentures tend to have a high fat, low fiber diet (36).

It may be hypothesized that the absence of teeth mediates
the complex relationship between oral and general health.
Perhaps inflammation cannot fully explain the association of
oral health with mortality because oral health could affect
people physically and psychologically. It has both biological
and social determinants (37) that could act as confounding
factors in analyses.

Whether tooth loss increases the chance for mortality by

Table 3. Chronic Diseases of BLSA Participants,

by Survival Status

Chronic Diseases Survivors (N ¼ 302) Deaths (N ¼ 198) p*

Myocardial infarction

Never 99.0% 89.8% .01

Past 1.0% 10.2%

Cancery

Never 99.0% 91.9% .07

Past 1.0% 8.1%

Clinical diabetes

Never 98.7% 88.9% .01

Past 1.3% 11.1%

Angina

Never 95.0% 75.3% .03

Past 5.0% 24.7%

Stroke

Never 99.7% 99.0% .53

Past 0.3% 1.0%

Transitory ischemic attack

Never 98.7% 91.4% .20

Past 1.3% 8.6%

Congestive heart failure

Never 99.7% 99.0% .48

Past 0.3% 1.0%

Notes: Data are referred as percentages.

*Analysis of covariance model adjusted for age and sex.
yExcept skin nonmelanoma.

BLSA¼ Baltimore Longitudinal Study of Aging.

Table 4. Hazard Ratios (and 95% Confidence Intervals) for

Mortality in the BLSA Sample

Independent

Variables

Adjusted Hazard

Ratios (95% CI) p

Age .65 y �65 y (Ref.) 1.00 .001

.65 y 8.76 (5.88–13.03)

White blood cell count/1000 1.15 (1.05–1.27) .004

Number of teeth �20 teeth (Ref.) 1.00 .001

1–19 teeth 2.17 (1.50–3.13) .001

0 teeth 1.76 (1.04–2.98) .04

Myocardial infarction Never (Ref.) 1.00 .001

Past 2.45 (1.41–4.26)

Clinical diabetes Never (Ref.) 1.00 .002

Past 2.23 (1.33–3.74)

Note: The following variables were in the initial multivariate model: age,

sex, self-rated health, glucose at 2 hours, high-intensity physical activity, total

physical activity, abdominal skinfold thickness, smoking, white blood cell

count, myocardial infarction, cancer, clinical diabetes, angina, transitory

ischemic attack, number of teeth, frequency of brushing teeth, difficulty of

chewing, number of teeth with cervical caries, number of teeth with coronal

caries, DMFT (sum of the number of decayed, missing and filled teeth), average

Periodontal Index, and average Gingival Index.
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modifying the inflammatory profile due to periodontitis
(38), nutrition intake due to masticatory dysfunction (39) or
represents a proxy for general health status is open to
debate. There is, however, an increasing number of well-
designed studies providing evidence that periodontitis is
associated with a steady increase in circulatory levels of
pro-inflammatory cytokines (26–30) and that tooth loss is
associated with worse nutritional status (40,41). However,
the importance of the increase in circulating levels of
cytokines mediated by periodontal inflammation and of the
malnutrition mediated by a compromised dentition on
mortality remains to be determined.

One important limitation of the study is that the sample
consists largely of well-educated white men. In addition,
only a subset of participants had received a dental
examination. This limited sample size may have reduced
the precision of the analysis. This limited sample size did
not allow us to examine the importance of tooth loss on
disease-specific mortality, especially on mortality due to
cardiovascular disease, reducing the precision of the results.
Another limitation is the use of general scores to represent
periodontal disease. Use of general indexes presumes that
periodontal disease is present in the entire mouth. However,
it is well known that periodontitis can be localized to
a single region in the mouth which may have evaded
detection if not included in the standardized area assessed.
This may have resulted in some misclassification error
which would tend to underestimate the importance of
periodontal disease for mortality (42).

The results of this study support earlier observations,
confirming that the number of teeth is a significant risk
indicator for mortality, even after controlling for several
important confounders. In addition, our study expands the
existing knowledge, because it represents one of the first
studies that analyzed the relationship between number of
teeth and mortality, taking into account important biological
confounders in addition to age, smoking, and socioeco-
nomic status. The findings of this study also have significant
implications in terms of public health, because they add to
previous evidence suggesting that improving oral health and
preventing tooth decay may substantially improve the health
status of the population and increase longevity.
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