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Introduction
Recent demographic trends have fo-

cused attention on the oral health of older
adults in the United States."2 However,
although many analytic studies in the pub-
lic health field have examined sociodemo-
graphic characteristics such as age, race,
sex, and socioeconomic status, relatively
few have investigated the influence of
modifiable behavioral and life-style char-
acteristics on oral health in community-
dwelling older populations. Thus, it is un-
clear whether the known social risk
factors are associated with dental disease
directly or indirectly through relationships
with certain behavioral and life-style fac-
tors.3

Recent investigations of adult popu-
lations of all ages have identified the use of
tobacco products as a consistent behav-
ioral risk factor for poor dental health.-9
Using data on adults aged 25 to 74 from the
first National Health and Nutrition Exam-
ination Survey(NHANES I), Ismail et al.6
reported a significant association between
smoking behavior and periodontal disease
while controlling for age, income, oral hy-
giene, education, sex, and race. In a study
of periodontal disease among a represen-
tative sample of Finnish adults aged 30
and older, smoking status was one of four
factors associated with periodontal treat-
ment costs. Smoking also emerged as a
significant risk factor for periodontal dis-
ease among a sample of adults aged 20 to
70 in Tecumseh, Mich.5

Despite such findings, there have
been few analytic studies of tobacco use
and dental disease among older adults, a

group, by virtue of advanced age, with
potentially great exposure to tobacco
products. In one comprehensive cross-
sectional study of690 dentate community-
dwelling older Black and White adults in

North Carolina, Beck and colleagues'0 re-
ported significant periodontal disease as-
sociations for tobacco use while control-
ling for specific microorganisms, caries, a
stress factor, and the individual's educa-
tional and economic characteristics, cog-
nitive status, and frequency of visits to a
dentist. In an analysis of 70-year-old
adults living in Sweden, Osterberg and
Mellstrom" identified tobacco smoking as
a significant independent risk factor for
tooth loss in elderly men. And in the only
longitudinal study we could locate, Beck
and colleagues3 identified risk factors as-
sociated with the 18-month incidence of
root caries among a sample of dentate
adults, aged 65 and older, living in two
Iowa counties, and found tobacco use to
be significant in this regard.

These few existent studies in the
United States and western Europe suggest
that tobacco use is a significant risk factor
associated with oral diseases among older
adult populations, regardless of social and
demographic factors. No study, however,
has examined the impact of tobacco use
across multiple dental disease conditions,
and few studies have evaluated how du-
ration of tobacco use affects dental health
or determined whether the risk persists
after use ceases.

The New England Elders Dental
Study presented an opportunity to exam-
ine the association of lifetime tobacco use
with dentate status, coronal and root car-
ies, and periodontal disease in a represen-
tative sample of community-dwelling
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older adultswhile controlling for the major
social and behavioral risk factors for den-
tal disease reported in the literature. The
major goal of the analysis was to test the
hypothesis that lifetime use of tobacco
was an important, modifiable risk factor
for specific dental disease among older
adults.

Method
Sample

The study population consisted of
community-dwelling elders aged 70 and
older living within the six New England
states. A two-stage stratified cluster sam-
pling design was used. In the first stage,
investigators sampled 68 cities and towns
stratified bypopulation size. In the second
stage, the Health Care Financing Admin-
istration (HCFA) provided a 10% random
sample ofbeneficiaries 70years ofage and
older in each city/town, fromwhich inves-
tigators randomly selected the final sam-
ple of 3668 individuals. The combined
probability of selection was the same for
all participants. TheHCFA estimates that
the beneficiary lists achieve a 97% cover-
age of the 65-and-over population.

Excluded from the study were those
elders who had suffered a myocardial in-
farction or major cerebrovascular acci-
dent within the previous 6 months and in-
dividuals with severe dementia who were
not deemed able to withstand the exami-
nation. Persons with mild to moderate de-
mentia were included and, where appro-
priate in a few cases, proxy respondents
provided the interview data. Excluded
from the periodontal assessment were
those individuals who met the American
Heart Association criteria for being at risk
for bacterial endocarditis or who had a
prosthetic joint replacement.

Data Collection and Measures
A two-stage field design was used to

collect data. First, telephone interviews
were conducted to screen for study eligi-
bility and to collect data regarding socio-
demographic characteristics, perceived
physical and oral health status, and use of
dental care. Of the 2598 persons deter-
mined eligible for the study, 2057 (79%)
completed the stage 1 telephone inter-
view.

The second stage of data collection
was conductedwith respondents at home.
This entailed an oral examination, in
which any oral lesions as well as the num-
ber and location of teeth (including root
tips) were identified; any decayed, miss-

ing, and filled tooth surfaces were as-
sessed; and a full-mouth periodontal ex-
amination was conducted. The in-home
interview also gathered additional data
from the respondents' description of their
health status, use of health care, and life-
style behaviors. Respondents were asked
if they currently smoked cigarettes,
cigarillos, a pipe, or cigars or if they
chewed tobacco. Those who currently or
previously used any form oftobacco were
coded as current or past tobacco users.
Stage 2 was completed by 1156 partici-
pants-that is, by 56% of those complet-
ing stage 1 and 45% of all eligible respon-
dents.

Demographic characteristics of the
telephone and home visit participants
were very similar to those of eligible
nonparticipants. Compared with the pop-
ulation of New England Medicare benefi-
ciaries, the home visit sample underrep-
resented the oldest women by 4% and
overrepresented the youngest men by 1%
to 4%; all other subgroup proportions
were virtually coincident. Details on the
sampling design are available elsewhere.12

The National Institute of Dental Re-
search diagostic criteria13 for dental ex-
aminations provided the basic operational
definitions for the coronal caries, root car-
ies, and periodontal examination. The full-
mouth periodontal examination was per-
formed on all dentulous respondents who
were assessed neither to be at risk for su-
bacute bacterial endocarditis nor to have a
prosthetic joint replacement. Probing
depth and distance from the free gingival
margin to the cementoenamel junction
were measured at four sites per tooth:
buccal, mesiobuccal, distolingual, and a
"deepest" site (if greater than the previ-
ous three sites). There were no placement
rles for the probe at the site ofthe "great-
est" loss of attachment other than it be
pointed toward the apex. This measure
was similar to the community periodontal
index of treatment needs used by the
World Health Organization.14 Of the three
principal endpoints for this study, dentate
statuswas determined in all 1156 subjects;
caries was assessed in the 721 dentulous
subjects and in 11 who had root tips only;
and periodontal disease was assessed in
558 subjects who met the eligibility crite-
na.

For current users, the duration of to-
bacco use was computed by subtracting
the age at which an individual reported
having begun to use tobacco products
from that individual's age at the time ofthe
study. For previous users, direct informa-
tion on years of use was not available.

Therefore, we estimated the age at which
an individual began using tobacco by tak-
ing the average age at which current to-
bacco users of the same age reportedly
began their habit, and we subtracted this
value from the age at which the previous
users stopped using tobacco.

Table t descnbes the operational def-
initions for allvariables used in these anal-
yses. For the independent variables as
well as for edentulism, those definitions
are self-explanatory. Current decay was
defined as decayed coronal and root sur-
faces. Root decay was defined as one or
more decayed root surfaces because it
was a relatively rare condition in this sam-
ple.15 Three or more decayed coronal sur-
faces was used as the cutoff because this
extent of decay represented a relatively
small proportion of the sample (11%) with
most ofthe Coronal disease (700%).16Acut-
offof a more than 4-mm pocket depthwas
used to measure periodontal disease, con-
sistentwith the operational definition used
in the National Institute of Dental Re-
search reports and other periodontal dis-
ease literature.10'17
Relabil

Four oral epidemiology postdoctoral
fellows and one full-time gerodontist who
were licensed dentists in New England
served as the dental examiners throughout
the study. Intra- and interexaminer con-
sistencywas established initiallythrough a
series of training and calibration sessions
held at the Harvard School ofDental Med-
icine. The actual level of interexaminer
reliability achievedwas evaluated by con-
ducting in-home reexaminations on 51
subjects (4%)who participated in the New
Engand Elders Dental Study in-home ex-
amination. The primary examiner was
blinded as to the subject's eligibility for a
secondary examination, which was
scheduled within 1 week after the primary
examiination. Interexaminer reliability for
coronal and root caries remained high
throughout the study(K = .67forrootcar-
ies and .86 for coronal caries). The intra-
class correlation for the probing depth
measurewas .65. The Kappa estimates for
locating the site on the tooth with the
deepest pocket depth and the correspond-
ing greatest loss of attachment were .53
and .52, respectively.

Statistical Methods
Edentulism and current decay, as di-

chotomous endpoints, were anabzed by
multiple logistic regression whereas peri-
odontal disease (measured by the number
of affected teeth) was analyzed by multi-
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ple linear regression. Backward and for-
ward stepwise regression produced iden- =
tical sets of statistically significant
predictors. Backward regressions were
examined step by step, and alternative
models were constructed to rule out any ..._
mfisleading effects of collinearity among XX3 .............. ..........
predictors. *%4 410

Resltsb
Among New England elders, to

bacon use was more common amongmenurrent..obac
than women (Table 2). The combinedratesubjects
of use for the overal sample was 12.3%r
Among tobacco users, cigarette smokingTa-
was the most common form of use for

=.._-': ' . . . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.....

both men and women. Among smokers,No
men andwomen reported an average daily
consumption of 14 cigarettes. A substanive
tial proportion of the sample (64.7% Of '

men and 36.6% of waoen) had used to-
bacco products at sone timne i theiresv. I l l ll.
but had stopped by the time of the study.

Figure 1 iustrates the bivariate as-
socdiaton between tobacco use and den-
tate status. The highest rate of total eden-
tulism was found among current tobacco
users (45.7%), as compared with subjects
who never used (34.4%) or who previ-
ously used (38.0%) tobacco products. Ta- ,.,.....,.....,...
ble 3 shows the odds ratios for edentulism
and current decay in smokers, ex-smok--
ers, and never smokers in this sample.

Duration of tobacco use (current or 01 II.
past) was the only variable that entered---------
sgiiatyinto the predictive models for S tl 'P1 4 2

all three endpoints: edentulism, current ii: $ 0*Z 1U 3
decay, and periodontal disease (Table 4). 2'" ~ / 4

The odds of edentulism, as modeled byo o
logistic regression, were increased by t *1 9 1 1
longer duration of tobacco use (past or

present) as well as by lower education,
fewervisits to the dentist,, poorer physical
functioning,, and better general health. No
tobacco-related variable other than dura-
tion of use had significant predictive
power for edentulism. When potential ioo
confounderswere added to the model (Ta-

3A

ble 5), none was statistically significant af-4& EWtA
tercontrolling for duration ofuse,whereas%O
duration of use remained sigiiatafter SML
controlling for any of the confounders. goD50AEoMA
Gloodness-of-fit criteria were all satisfac-
tory. Efimination of 21 outliers improved

MJW

the fit but did not alter the structure of the
model concerning tobacco use. Odds of
edentulism increased with years of use at0
an equal cross-sectional rate in current N PAST CURRENT

and past users (X2 for interaction < 1.1, TOBACCO USE
P > .30). FIGURE 1-Dnabte atu of adult agd 70 year and older IMng In New England, by

Logistic regression showed the odds u.
of current decay increasing with duration

n_11A Q T.
r
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of tobacco use (current or past), poorer
health, and less practice of oral hygiene
(Table 4). The duration variable consis-
tently outperformed its potential con-
founders (current use, current dose, past
use, sex) when entered togetherwith them
in regression models, but its predictive
power dropped below the conventional
cutoffs for statistical significance when the
competingvariable was controlled for (Ta-
ble 5). Goodness-of-fit was satisfactory in
relative terms but not in absolute terms,
suggesting that othervariables outside our
list of predictors may be important.

Periodontal disease, modeled by lin-
ear regression of the number of affected
teeth, was predicted by longer duration of
tobacco use, male sex, and less practice of
dental hygiene (Table 4). Additionally, the
mean number of affected teeth was higher
in urban areas and increased in proportion
to the subject's total number of teeth. Men
had 0.60 more affected teeth than women
on the average. As in the case of edentu-
lism, no tobacco-related variable pre-
dicted periodontal disease significantly
when duration ofuse (past or present) was
controlled for, whereas duration ofuse re-
mained a strong predictor after the other
tobacco variables were controlled for (Ta-
ble 5). Goodness-of-fit criteria were satis-
factory, as were residual patterns. The de-
pendency on duration applied to both
current and past users, as illustrated in
Figure 2. The number of additional af-
fected teeth per year of use did not differ
between current and past smokers (statis-
tical test for interaction: fl < 1,P > .30).

Diswussion
The deleterious effects oftobacco use

on morbidity and mortality among older
adults are well known.l8 The impact of
tobacco use on the extent ofdental disease
in older adults, however, is not well doc-
umented. Our results, alongwithprevious
research, confirm that exposure to to-
bacco is a significant, modifiable risk
factor for tooth loss, current decay, and
periodontal disease in older adults, inde-
pendent of selected social and behavioral
risk factors. In the New England Elders
Dental Study sample, duration of tobacco
use was related to three different dental
disease indicators. To our knowledge, this
is the first investigation that has docu-
mented the impact oftobacco use on three
different indicators of poor oral health
among a sample of older adults represen-
tative of an entire region of the country.

Duration of tobacco use among cur-
rent and past tobacco users was consis-
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tently associatedwith dental diseases. Du-
ration of use remained a significant risk
factor in oral health after controlling for
any of the confounders included in our
analyses. That exposure to tobacco prod-
ucts remains a risk factorwhen controlling
for oral hygiene, dental visits, age, sex,
education, physical function, and overall
health suggests that the observed differ-
ence in dental disease status was indeed
related to long-term exposure to tobacco
and not to potential confounding effects.
This consistent finding stands in contrast
to Ismail et al.'s6 finding using the
NHANES I data set, in which duration of
cigarette smoking among adults aged 25 to
74 was not significantly associated with
periodontal disease after controlling for
potential confounding factors. In the Is-
mail study, current dose of tobacco use
was a stronger risk factor for oral disease
among adults than was years of exposure
to tobacco. The different findings in the
New England and Ismail studies may
largely be due to the different age distri-
bution of the two samples. Among the
New England sample, which had a mean
age of 80, years of exposure to tobacco
products may have been far more impor-
tant than dosage at the time of the study.
This interpretation is supported by Oster-
berg and Mellstrom's work,'1 inwhich du-
ration of exposure to tobacco among 70-
year-olds was sigificantly related to loss
of teeth.

Although duration of tobacco use
emerged as a consistent modifiable riskfac-
tor for dental disease among older persons,
a relatively modest magnitude ofincreased
riskwas observed. With respect to risk for
edentulism and current decay, 20 years of
tobacco use was associated with an ap-
proximately 20%o increase in the risk of
each of these conditions. For periodontal
disease, an average increase of0.2 affected
teeth was associated with every decade of
tobacco use. Nonetheless, the public
health implications are impressive in a sam-
ple that exhibited, on average, more than a
quarter of a century of tobacco use.

The finding that poor physical func-
tioning was related to loss of teeth is new
and disturbing. To our knowledge, this as-
sociation has not been shown in previous
research on dental disease in the elderly.
Disabled older adults represent a special,
high-risk population inwhich chronic con-
ditions and their medical treatment may
either alter the person's ability to maintain
adequate self-care or raise barriers to that
person's receiving competent and timely
professional care for emerging oral prob-
lems. The fact that functional disability re-
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mained a significant predictor after con-
trolling for the effects of overall health,
oral hygiene, and visits to the dentist sug-
gests that both the meaning of this rela-
tionship and the mechanism of impact are
complex. This result clearly deserves fur-
ther investigation and scrutiny.

The association of worsening health
with increased risk of decay is consistent
with existing literature'9'20 that has iden-
tified poor health status as a risk factor for
dental disease among the elderly. The pos-
itive relationship between general health
and edentulism is inconsistent with past
research2" and is likely to be an artifact of
the confounding of a lifetime pattern of
dental care use with health status.

As in all investigations, there are lim-
itations to theNew England Elders Dental
study. Although it focused on a represen-
tative sample of community-dwelling
older persons living in an entire region of
the United States, it was cross-sectional.
Therefore, we cannot draw cause-and-
effect conclusions because the time se-
quence between the potential risk factors
and the oral health indices cannot be de-
termined. Nonetheless, cross-sectional
findings on representative samples can
strongly suggest causal relationships
when potential confounding variables are
included, as they were in this analysis.

The representative nature ofthe sam-
ple adds further strength to the findings.
Although the two-stage field design pre-
sents the potential for bias by introducing
the possibility of study nonresponse at
two points in the data collection, our com-
parison of study participants with Medi-
care beneficiaries in the study area indi-
cated that the sample was indeed a
representative group.12 Therefore, we are
confident in the generalizability of these

findings to older adults in New England,
and we consider the findings likely to be
representative of older adults throughout
the country.

The consistent, unambiguous find-
ings from the New England Elders Dental
Study confirm that tobacco use is a major
risk factor for poor oral health among
older adults. More importantly, these data
suggest that the effects of extended to-
bacco use are not reversible. The findings
have at least two implications for dental
care. In older adults, years of tobacco use
can be used for screening and assessment
to indicate the need for dental examination
and treatment. Although encouraging
older smokers to quit using tobacco is cer-
tainly indicated, these data suggest that,
for lifelong smokers, the damage is al-
ready done and the most important inter-
vention is secondary, not primary, pre-
vention. However, a primary prevention
approach for younger adult populations is
clearly indicated. Dental disease should
be added to the list ofhealth conditions for
which tobacco use is a high-risk behavior.
Dentists should both discourage use of to-
bacco products and encourage cessation
for patients who smoke. 0
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