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Abstract

Purpose: We examine the relationship between complete edentulism prior to the
age of 65 years and all-cause mortality after adjustment for socioeconomic charac-
teristics. Methods: Using data from 41,000 adult participants in the 1986 National
Health Interview Survey, with mortality follow-up data on each cohort member
through December 31, 2002 (16 years follow-up), we estimated the relative odds of
all-cause mortality among adults (age �18 years) with complete edentulism prior to
the age of 65 years compared with that among those without the condition.
Multivariable-adjusted logistic regression analyses were repeated for complete
edentulism at any age. Results: The age-standardized prevalence of complete
edentulism was 12.3 percent [95 percent confidence interval (CI), 12.0-12.6]. Among
persons aged <65 years, the risk of death from all causes was 19 percent for persons
with complete edentulism compared to 10 percent for persons without. Compared
with those without complete tooth loss, the risk of death from all causes was 1.5 (95
percent CI, 1.3-1.7) (P < 0.001) times greater for persons with complete edentulism
prior to the age of 65 years after multivariable adjustment. Similar results were
observed for complete edentulism among persons aged �65 years. Conclusions:
Complete edentulism prior to the age of 65 years was associated with all-cause
mortality after multivariable adjustment for several socioeconomic characteristics.
These results provide further evidence supporting the notion that poor oral health as
evidenced by complete edentulism is an important public health issue across the
lifespan.
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Introduction
Poor oral health has been shown

to have a negative effect on people’s
overall health and quality of life
(1,2). Until fairly recently, tooth loss
was considered a natural part of the
aging process; however, advances
in oral health have resulted in
decreases in the prevalence of tooth
loss in the United States since at least
the 1950s (3-5). During 1999-2000,
only about 8 percent of US adults
were completely edentulous (<1
percent of those aged 20-39 years; 5
percent, 40-59 years; 25 percent, �60
years) (6), whereas in the late 1950s,
more than half of US adults aged 65
years or older were edentulous (4
percent of those aged 25-34 years; 10

percent, 35-44 years; 22 percent,
45-54 years; 38 percent, 55-64 years;
54 percent, 65-74 years; 67 percent,
�75 years) (7). Despite this decrease
in the percentage of Americans with
complete edentulism, the absence or
loss of all natural teeth, edentulism
remains an important public health
problem both in the United States
and worldwide (2).

Edentulism has been associated
with an increased risk for systemic
chronic disease and death (8-16).
The increased death rate among
people with tooth loss may in part
be because tooth loss is a marker
for underlying factors associated
with death risk, including behavi-
oral factors, socioeconomic factors,

infection, and inflammation (17,18).
However, the relationship between
tooth loss and mortality independ-
ent of socioeconomic characteristics
remains unclear (18,19). Moreover,
because edentulism most often
affects older persons, relationships
between edentulism and mortality
prior to the age of 65 years is not
often considered. Using data from
the 1986 National Health Interview
Survey (NHIS), we examined the
relationship between self-reported
complete edentulism and risk for
death (after adjusting for socioeco-
nomic variables) among all adults
aged �18 years and, separately,
among those aged 18-64 years.

Methods
The NHIS is a cross-sectional

household interview survey of the
civilian, noninstitutionalized popula-
tion of the United States. Data are
collected through a personal house-
hold interview conducted by inter-
viewers employed and trained by the
US Bureau of the Census according
to procedures specified by the
National Center for Health Statistics.
Data are collected from each of the
50 states and the District of Columbia
with use of a multistage area prob-
ability sampling plan designed to
obtain nationally representative esti-
mates. A detailed description of the
sampling plan for the 1986 NHIS is
provided elsewhere (20), and a full
description of the NHIS and its pro-
cedures can be obtained online at
http://www.cdc.gov/nchs/nhis.

In 1986, the NHIS questionnaire
consisted of basic health and demo-
graphic items and questions on
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current health topics. Participants
were asked about their health status,
including any health conditions, their
health-care utilization, and their
health insurance. The 1986 NHIS
questionnaire also included a dental
health supplement, one question of
which asked respondents whether
they had lost all their teeth (i.e.,
whether they had complete edentu-
lism). The validity of self-reported
tooth loss compared with clinically
derived measures has been exam-
ined (21-24) and shown to provide
good to excellent estimates. For this
analysis, early complete edentulism
was defined as self-reported com-
plete edentulism prior to the age of
65 years based on respondents’ age
at the time of the interview.

To ascertain the vital status of
each cohort member through
December 31, 2002 (approximately
16 years after the survey), we merged
the 1986 NHIS data on survey par-
ticipants aged 18 years or older at the
time they participated in the survey
with follow-up mortality data from
the National Death Index (NDI),
which has been shown to capture
93-98 percent of all US deaths (25-
27). Deceased NHIS participants
were matched to the NDI by social
security number, first and last names,
middle initial, race, sex, marital
status, birth date (day, month, and
year), state of birth, and residence.
Eligible NHIS participants with a
“true” NDI record match were
assumed to be dead, and those with
no NDI record match or an NDI
record match considered to be
“false” were assumed to be alive
(28). Follow-up (i.e., survival) time
was calculated as the difference
between the 1986 NHIS baseline
interview date and the last known
date alive for NHIS participants listed
as decedents in the NDI and as the
difference between the interview
date and December 31, 2002, for
those not listed as decedents.

For this analysis, NHIS data and
follow-up information were available
for 41,000 1986 NHIS participants
aged 18 years or older. Of the 62,052
NHIS participants interviewed in
1986, 43,837 were eligible for follow-

up, 17,393 were ineligible because
they were younger than 18 years old
at the time of the interview, and 822
were ineligible because they had
insufficient data for matching to the
NDI (Figure 1). Of those eligible for
follow-up, the NDI showed that 19
percent were deceased, and the
other 81 percent were assumed to be
alive. An additional 2,837 respon-
dents (645 of whom died during
follow-up) were excluded because of
missing data for analysis variables,
leaving exactly 41,000 of the NHIS
respondents for analysis. Compared
with survey participants included in

the analysis, those who were
excluded were more likely to be
aged �65 years (21 percent versus 16
percent, P � 0.05), less likely to be
White (82 percent versus 86 percent,
P � 0.05), less likely to have at least
12 years of education (26 percent
versus 24 percent, P � 0.05), and
more likely to have an annual
income below $20,000 (42 percent
versus 38 percent, P � 0.05). The
crude prevalence of complete eden-
tulism (15 percent versus 10 percent,
P � 0.05) and the percentage of par-
ticipants who had died by the end of
the follow-up period (22 percent

Figure 1
Analysis sample. NHIS, National Health Interview Survey
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versus 19 percent, P � 0.05) were
both slightly higher among those
excluded from the analysis.

Cox proportional hazards regres-
sion was used to estimate, by means
of the hazard ratio, the relative
risk for death associated with
early complete edentulism in age-
and multivariable-adjusted analyses.
Models were repeated for complete
edentulism at any age. In addition
to age, the multivariable models
adjusted for sex, race (White, Black,
other), education (<12 years, �12
years), family income (<$20,000,
�$20,000, unknown), living situation
(alone, with others), health insurance
(yes, no), dental insurance (yes, no),
body mass index [BMI: (weight
in pounds ¥ 704.5) � (height in
inches)2], and the presence of speci-
fied conditions (activity limitation,
arthritis, diabetes mellitus, hyperten-
sion, ischemic heart disease, cere-
brovascular disease, lung cancer,
any cancer other than lung cancer,
asthma, chronic bronchitis, emphy-
sema). Multivariable-adjusted models
were repeated for cardiovascular
disease (CVD) deaths identified by
the International Classification of
Diseases, Ninth revision, codes 390-
459 for deaths occurring between
1986 and 1998 and by the Inter-
national Classification of Diseases,
Tenth revision, codes I00-I99 for
deaths occurring between 1999 and
2002.

Analyses were conducted with
the use of SAS v9.1.3 (2002-2003, SAS
Institute, Cary, NC), and sample
weights were used to make the NHIS
representative of the civilian, non-
institutionalized US population.
SAS-callable SUDAAN v9.0.1 (2005,
Research Triangle Institute, Research
Triangle Park, NC, USA) was used to
account for the NHIS’ complex sam-
pling design (which involved both
clustering and stratification) and to
obtain accurate variance estimates.
We assessed the appropriateness of
the proportional hazard assumption
for the variables in our final model
with log–log survival plots and
Schoenfeld residual plots. Ordinary
least squares regression was used to
assess the relationship between

residuals and follow-up time. We
also fit the final model to the data in
unweighted analyses using Stata v9.2
(2007, StataCorp, College Station, TX,
USA) and examined the proportional
hazard assumption using the Stata
procedure STPHTEST.Without excep-
tion, all covariates in the final model
satisfied the proportional hazard
assumption. Model parameter esti-
mates were computed by maximum
likelihood techniques, and 95 per-
cent confidence intervals (CIs) were
based on the standard error of the
model coefficients. All statistical infer-
ences were based on a significance
level of 0.05.

Results
Overall, 15 percent of the sample

was aged 18-24 years; 43 percent,
25-44 years; 26 percent, 45-64 years;
5 percent, 65-69 years; 4 percent,
70-74 years; and 6 percent, �75
years. About half (47 percent) of the
sample members were women, 86
percent were White, 11 percent were
Black, and 3 percent were of another
race. Twenty-four percent of the
sample had less than a high school
education, 38 percent reported a
family income below $20,000, and 18
percent did not have Medicare or
private insurance.

The estimated age-standardized
prevalence of complete edentulism
was 12.3 percent (95 percent CI,
12.0-12.6), including 6 percent
among those aged 18-64 years, 30
percent among those aged 65-74
years, and 46 percent among those
aged �75 years (Table 1). Other
respondent characteristics associated
with complete edentulism included
being female (P = 0.04), having less
education (P < 0.001), having lower
family income (P < 0.001), lacking
health insurance (P < 0.001) or
dental insurance coverage (P <
0.001), being underweight, over-
weight, or obese (compared to
normal weight) (P < 0.001), having
activity limitation (P < 0.001), and
presence of several chronic con-
ditions (diabetes, ischemic heart
disease, emphysema; all P < 0.001)
(Table 1). Associations between com-
plete edentulism and White race and

prevalent hypertension or bronchitis
were marginally significant (P =
0.05). For those without selected
conditions, the prevalence of com-
plete tooth loss was 13.2-13.7 per-
cent (data not shown).

Among persons aged <65 years
at their NHIS interview, 801 (2.2
percent) died within 5 years, 1,841
(5.1 percent) died within 10 years,
and 3,471 (9.7 percent) died within
the 16-year follow-up period. Death
during follow-up also occurred
among 2,251 (56.4 percent) of the
participants aged 65-74 years and
2,125 (84.6 percent) of those aged
�75 years.

In unadjusted analyses, complete
edentulism prior to the age of 65
years was significantly associated
with all-cause mortality (Figure 2;
Table 2), as was complete edentu-
lism among persons aged 65 years or
older (Table 2). Among persons aged
<65 years, the risk of death from all
causes was 19 percent for persons
with complete edentulism compared
with 10 percent for persons without
(Table 2). After multivariable adjust-
ment for age, sex, race, education,
income, living situation, insurance
(Medicare or private, Medicaid,
private dental), BMI, and comor-
bidity [activity limitation, arthritis,
diabetes, ischemic heart disease,
cerebrovascular disease, cancer
(excluding lung), asthma, chronic
bronchitis, emphysema, lung cancer],
the risk of death from all causes was
estimated to be 1.5 (95 percent CI,
1.3-1.7) (P < 0.001) times greater for
persons with complete edentulism
prior to the age of 65 years com-
pared with those without.

Death from CVDs. Among
persons aged <65 years in their NHIS
interview, 259 (0.7 percent) died
from CVD within 5 years, 607 (1.7
percent) died within 10 years, and
1,160 (3.2 percent) died within the
16-year follow-up period. Death
from CVD during follow-up also
occurred among 1,053 (26.2 percent)
of the participants aged 65-74 years
and 1,200 (47.3 percent) of those
aged �75 years. Associations
between complete edentulism and
death from CVD was similar to that
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described above for all-cause mortal-
ity for both persons aged <65 years
and those aged 65 years or older
(Table 3).

Premature All-Cause Mortality.
Of the 34,514 respondents aged 64
years or younger at interview, 1,872
died prior to the age of 65 years;
these deaths constituted 54 percent
(1,872/3,471) of all deaths among
respondents in this age group over
the 16-year follow-up period. The
age-standardized risk of premature
death (i.e., death prior to age 65) was
10 percent among respondents with
early complete edentulism and 5
percent among those without. The
relative risk of premature death
among those with early complete
edentulism compared with the risk
among those without was 1.2 (95
percent CI, 1.0-1.5; P = 0.05) after
adjustments for age, sex, race, edu-
cation, income, living situation,
insurance status, and the presence of
comorbid conditions.

Secondary Analysis. Because
it is difficult to postulate why tooth
loss might be associated with exter-
nal causes of death (e.g., uninten-
tional injuries, suicides, homicides,
legal intervention, complications of
medical or surgical care) that are
common among younger persons,
multivariable-adjusted regression
models were repeated after exclud-
ing death from such causes, and find-
ings similar to those shown in
Table 2 were observed.

Discussion
In this large, nationally represen-

tative sample of adults, we observed
a statistically significant association
between complete edentulism prior
to the age of 65 years and risk for
death during a 16-year follow-up
period after adjusting for several
sociodemographic variables. Asso-
ciations were similar for persons
aged 65 years or older. We also
observed a marginally significant
increased risk for premature death
associated with early complete eden-
tulism. And, similar to previous work
examining associations between
tooth loss and CVD (9,12,13,15),
we observed modest associations

Table 1
Prevalence and Adjusted Relative Odds of Complete Edentulism by
Respondent Characteristics: National Health Interview Survey, 1986

Complete edentulism

Prevalence (95% CI)* aOR (95% CI)†

Overall 12.3 (12.0-12.6)
Age (years)

<65 6.3 (6.0-6.5) 1.0 (referent)
65-74 30.1 (28.7-31.6) 2.7 (2.4-3.1)
�75 45.8 (43.8-47.8) 4.7 (4.1-5.4)

Sex
Men 12.0 (11.6-12.5) 1.0 (referent)
Women 12.6 (12.1-13.0) 1.1 (1.0-1.2)

Race
White 12.3 (12.0-12.6) 1.5 (1.0-2.1)
Black 13.3 (12.4-14.3) 0.9 (0.6-1.3)
Other 9.2 (7.5-11.3) 1.0 (referent)

Education
<12 years 19.7 (19.0-20.4) 3.0 (2.7-3.3)
�12 years 8.4 (8.1-8.8) 1.0 (referent)

Family income
<$20,000 17.2 (16.6-17.8) 1.9 (1.7-2.1)
�$20,000 8.1 (7.7-8.5) 1.0 (referent)
Unknown 11.3 (9.8-13.1) 1.6 (1.2-2.1)

Living situation
Alone 13.3 (12.4-14.1) 1.0 (0.9-1.1)
With others 12.1 (11.7-12.5) 1.0 (referent)

Covered by Medicare or private
health insurance

Yes 11.7 (11.3-12.0) 1.3 (1.2-1.6)
No 17.4 (15.8-19.2) 1.0 (referent)

Received Medicaid benefit during
past 12 months

Yes 20.6 (18.8-22.6) 1.1 (0.9-1.3)
No 11.9 (11.6-12.3) 1.0 (referent)

Covered by private dental insurance
Yes 8.8 (8.2-9.6) 0.8 (0.7-0.9)
No 13.6 (13.2-14.0) 1.0 (referent)

Body mass index (kg/m2)
<18.5 13.8 (12.3-15.4) 1.2 (1.0-1.4)
18.5-24.9 11.2 (10.7-11.6) 1.0 (referent)
25.0-29.9 12.4 (11.9-12.9) 1.2 (1.1-1.4)
�30 15.5 (14.6-16.4) 1.5 (1.3-1.7)

Activity limitation
Yes 17.2 (16.5-18.0) 1.5 (1.4-1.7)
No 10.7 (10.4-11.1) 1.0 (referent)

Prevalent conditions
Arthritis 14.0 (9.6-20.0) 1.1 (0.6-2.1)
Diabetes mellitus 22.0 (19.0-25.2) 1.6 (1.4-2.0)
Hypertension 15.0 (13.7-16.3) 1.1 (1.0-1.3)
Ischemic heart disease 20.2 (16.2-24.9) 1.6 (1.3-1.9)
Cerebrovascular disease 20.7 (14.6-28.4) 1.2 (0.9-1.7)
Cancer (excluding lung) 12.5 (10.1-15.5) 1.0 (0.8-1.4)
Chronic bronchitis 18.8 (15.3-22.8) 1.3 (1.0-1.9)
Asthma 14.2 (11.7-17.1) 0.8 (0.6-1.1)
Emphysema 22.6 (16.5-26.1) 2.4 (1.8-3.3)
Lung cancer 19.5 (12.1-29.9) 1.6 (0.7-3.7)

* Age-standardized to the 2000 US standard population.
† Adjusted for all variables shown in the table.
aOR, adjusted relative odds; CI, confidence interval.
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between complete edentulism and
CVD mortality among persons with
edentulism prior to the age of 65
years as well as among older
persons.

These findings complement
those of other studies that were pri-
marily focused on older popula-
tions. In a Danish community-based
cohort of adults, Holm-Pedersen
and colleagues (8) observed an
association between edentulism at

the age of 70 years and death over
a 21-year follow-up period (hazard
ratio, 1.26; 95 percent CI, 1.03-1.55).
In a study of 75-year-old men and
women residing in three Nordic
countries, Osterberg and associates
(29) observed significant relation-
ships between the number of teeth
remaining and death over a 7-year
period of follow-up. In contrast, Tu
and colleagues (19) did not observe
a significant relationship between

edentulism and death during more
than 50 years of following the
Glasgow alumni cohort of more
than 12,000 men and women
younger than 30 years at baseline.
And, in a Japanese study of men
and women aged 80 years or older,
Morita and colleagues (30) found
edentulism to be associated with
death among men but not among
women during 10 years of follow-
up.

Figure 2
Crude survival estimates for adults who participated in the 1986 National Health Interview Survey by

presence of self-reported complete edentulism prior to the age of 65 years and at any age
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Table 2
Risk and Relative Risk for Death from All Causes Associated with Complete Edentulism Status by Age at

Baseline Interview among 1986 NHIS Participants

Follow-up period 18-64 years �65 years

5 years from baseline Risk for death* (complete versus no complete edentulism) 4.7% versus 2.1% 30.1% versus 22.4%
Crude RR (95% CI)† 4.6 (3.9-5.5) 1.7 (1.5-1.9)
Age-adjusted RR (95% CI)† 2.2 (1.9-2.7) 1.4 (1.3-1.6)
Multivariable-adjusted RR (95% CI) †‡ 1.5 (1.2-1.9) 1.3 (1.1-1.4)

10 years from baseline Risk for death* (complete versus no complete edentulism) 10.7% versus 5.0% 53.9% versus 43.5%
Crude RR (95% CI)† 4.5 (4.0-5.1) 1.6 (1.5-1.7)
Age-adjusted RR (95% CI)† 2.1 (1.9-2.4) 1.4 (1.3-1.5)
Multivariable-adjusted RR (95% CI) †‡ 1.4 (1.2-1.7) 1.3 (1.1-1.4)

Overall, 16 years¶ Risk for death* (complete versus no complete edentulism) 19.1% versus 9.7% 76.5% versus 66.8%
Crude RR (95% CI)† 4.4 (4.0-4.8) 1.6 (1.5-1.7)
Age-adjusted RR (95% CI)† 2.0 (1.8-2.2) 1.4 (1.3-1.5)
Multivariable-adjusted RR (95% CI) †‡ 1.5 (1.3-1.7) 1.3 (1.2-1.4)

* Age-standardized to the 2000 US standard population.
† Relative risk comparing those with complete edentulism to those with no complete edentulism (referent).
‡ Adjusted for age, sex, race, education, family income, living situation, health insurance, dental insurance, body mass index, comorbidity [activity
limitation, arthritis, diabetes, ischemic heart disease, cerebrovascular disease, cancer (excluding lung), asthma, chronic bronchitis, emphysema, lung
cancer].
¶ Mortality status based on follow-up through December 31, 2002.
RR, relative risk; CI, confidence interval; NHIS, National Health Interview Survey.
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The results of this analysis are
subject to several limitations. The
most important limitation is that the
analysis did not control for exposure
to cigarette smoking, a risk factor for
adult periodontitis and tooth loss
(31), because the 1986 NHIS did not
collect information about smoking.
We attempted to address this chal-
lenge by controlling for the presence
of several smoking-related condi-
tions (e.g., emphysema, lung cancer,
ischemic heart disease). Such use
of smoking-related conditions as a
proxy for smoking undoubtedly
underestimates smoking exposure
and is skewed toward cases with
more chronic forms of disease (i.e.,
length-biased sampling). As a result,
we may have overestimated the rela-
tionship between early complete
edentulism and death. Information
on diet or poor diet, a risk factor for
tooth loss (32), was not available.
Also, data used in the analysis, in
particular the exposure variable
(complete edentulism status), were
based on self-report in 1986 only;
some NHIS respondents may have
become completely edentulous
during follow-up and this would not
be reflected in the exposure variable.
Similarly, information was not avail-
able on changes in measures of

confounding variables used in the
multivariable-adjusted models. Fina-
lly, because the 1986 NHIS data did
not indicate whether respondents
suffered from partial edentulism, we
were unable to examine associations
between partial edentulism and
death.

In summary, the results of this
analysis showed that complete eden-
tulism prior to the age of 65 years
among US adults is associated with
an increased risk for death, and thus
provides further evidence supporting
the notion that poor oral health is an
important public health issue. Eden-
tulism reflects a complex pattern
of environmental, pathogenic, and
socioeconomic conditions (33,34).
Although poor oral health dispropor-
tionately affects older adults and dis-
advantaged, vulnerable populations,
Americans of all ages and sociode-
mographic strata are subject to oral
health threats. Therefore, health
policies might be reoriented to in-
corporate oral health into general
health-promotion strategies (35). In
addition, efforts to control oral
disease and associated illness might
include the provision of primary oral
health care in areas where these ser-
vices are lacking and a continued
effort to translate existing knowledge

into cost-effective oral health pro-
grams (36).
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