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Life-style Correlates of Tooth Loss in an Adult Midwestern

Population

Barbara E. K. Klein, MD; Ronald Klein, MD; Michael D. Knudtson, MS

Abstract

Objectives: To describe life-style correlates of tooth loss in a representative
rural American population. Methods: Information on tooth loss as well as past
medical history and life-style factors was obtained in a well-defined cohort of 2,764
persons 53-96 years of age in Beaver Dam, WI (1998-2000). Results: There
were 1,992 (68.2%) persons missing some and 447 (15.3%) missing all of their
teeth. In univariable analyses, age, cigarefte smoking, heavy drinking, education,
multivitamin use, and diabetes status were associated with tooth loss. Tooth loss
was associated with poorer self-rated health and with difficulty eating solid food
and inability to enjoy some food. In multivariable models age, education, smoking,
heavy drinking, and diabetes were significantly associated with tooth loss. Con-
clusions: Tooth loss is common in older persons and is associated with many
risk factors including education, smoking, and heavy drinking. It is possible that
modifying these may influence risk of tooth loss. [J Public Health Dent

2004,64(3):145-50]
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Tooth loss and other oral conditions
such as periodontal disease have an
impact on quality of life, being associ-
ated with lower morale and lower lev-
els of life satisfaction (1-3), as well as
being related to systemic conditions
such as cardiovascular and pulmo-
nary disease and to chronic inflamma-
tion (4-17). While poorer quality of life
and illness may, in part, result from
oral conditions, socioeconomic factors
may be causally related to oral health
because of the effects on access to care,
utilization of oral care facilities (18-20),
oral hygiene (21), possibly diet (21-23),
and beliefs (25). Life-style factors, such
as smoking (18,26-31) and alcohol
drinking (27), are also related to tooth
loss and oral health. The socioeco-
nomic and life-style factors may have
an additive effect with age (32-36),
thus compounding risk of poor oral
health for older adults. Additionally,
there are other age-related conditions
such as diabetes (37) and osteopenia
(38), which may further burden some
of these persons. Many studies of the
frequencies of oral conditions and

their risk factors have been done in
persons of limited socioeconomic
status or in a particular ethnic group
or in persons of older ages. We sought
to determine the prevalence of tooth
loss and its association with life style
and socioeconomic factors in middle-
aged and older adults in a repre-
sentative Midwestern community.

Methods

Beaver Dam, Wisconsin, is located
63 km northeast of Madison, WL It is
a well-defined community of approxi-
mately 17,000 persons who are pri-
marily white and of Northern Euro-
pean ancestry (39). Methods to define
the population and characteristics de-
scriptive of it appear in previous re-
ports (40-43). In brief, 4,926 persons
43-86 years of age living in Beaver
Dam participated in a baseline exami-
nation over a 2%-year period
(1988-90). Follow-up evaluations
were done 5 and 10 years after the
baseline examination. The age range
of the study participants at the 10-year
follow-up was 53-96 years. Principles

of the Declaration of Helsinki were
adhered to, including signed consent.
Institutional review board approval at
the University of Wisconsin School of
Medicine was obtained for each ex-
amination.

Data from the 10-year follow-up are
the basis of this report. Table 1 de-
scribes the characteristics at the base-
line examination (1988-90) for those
persons who participated in the base-
line, 5-year, and 10-year examinations,
for those who were known to be alive
at the 10-year examination but did not
participate, and for those who had
died before the 10-year examination
(Table 1). Live nonparticipants were
older, had fewer years of education,
were more likely to be hypertensive,
and current smokers compared to par-
ticipants. Compared to participants,
those who died were older, more
likely to be men, to have diabetes, and
to have been current smokers.

Pertinent parts of the study evalu-
ation included an examiner-adminis-
tered interview with questions about
all current medications, cigarette
smoking, education, income, ethnic-
ity, alcohol drinking, lost teeth, use of
dentures, whether lost teeth have in-
fluenced enjoyment of food, periodon-
tal disease, diabetes, and use of mul-
tivitamins all obtained at the 10-year
examination. Overall self-reported
health was assessed by asking the sub-
ject whether compared to persons
their own age their health was excel-
lent, good, fair, poor, or that they did
not know (44). A blood specimen for
glycosylated hemoglobin (45) was ob-
tained.

Definitions. Persons who smoked
100 or fewer cigarettes in their lifetime
were considered to have never
smoked. Those smoking more than
100 cigarettes were asked the number
smoked per day, the number of
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TABLE 1
Distribution of Baseline Characteristics Among Participants and Nonparticipants at 10-year Examination
Nonparticipants
Participants Alive Deceased
Crude Crude Age-adjusted Crude Age-adjusted

Characteristics (%) Ny (%) N) P-value* (%) N) P-valuet
Age at baseline (years)

43-54 39.6 1,094 31.8 133 7.9 12

55-64 30.8 852 29.2 122 17.8 27

65-74 229 634 28.2 118 47 68

75+ 6.7 184 10.8 45 <.001% 29.6 45 <.001%
Sex

Women 57.6 1,593 60.8 254 51.3 78

Men 424 1,171 39.2 164 44 48.7 74 003
Education (years)

0-11 19.3 534 34.2 143 38.8 59

12 471 1,302 455 190 342 52

13-15 16.3 449 134 56 15.8 24

16+ 17.3 477 6.9 29 <.001 11.2 17 36
Hypertension

No 68.7 1,896 61.2 256 57.2 87

Yes 314 866 38.8 162 .03 428 65 .56
Cardiovascular disease

No 86.9 2,370 875 358 74.3 113

Yes 13.1 358 125 51 21 25.7 39 21
Cancer

No 90.6 2,503 89.9 374 86.2 131

Yes 94 259 10.1 42 .83 13.8 21 <.98
Diabetes

No 93.5 2,574 935 388 86.1 130

Yes 6.5 178 6.5 27 .83 139 21 007
Alcohol consumption

Never 12.1 335 124 52 19.7 30

Ever 87.9 2,429 87.6 366 84 80.3 122 16
Smoking

Never 474 1,310 40.5 169 38.6 59

Past 353 974 333 139 340 52

Current 17.3 479 26.1 109 <.001 375 42 <.001

*Comparison of participants to nonparticipants who were alive at follow-up.
t+Comparison of participants with those who died after the start of the follow-up and who were not examined.

{Mantel-Haenszel test of trend.

months they smoked, their current
smoking status, and the date they
stopped. For these analyses, smokers
were characterized as never, past, or
current smokers depending upon
their response at the 10-year examina-
tion. Subjects were questioned about
consumption of beer, wine, and liquor
in the past year. We asked the number
of each beverage type consumed per
week. Those drinking an average of
four or more drinks per day in the past
year were considered current heavy
drinkers. In addition, we asked

whether there had ever been a period
in their lives prior to the past year
when they had regularly drank four or
more drinks per day. These people
were considered to be past heavy
drinkers.

Questions about oral conditions
were structured with categorical re-
sponses and were adapted from the
Keokuk Longitudinal Rural Study
(46). We present results for missing
teeth based on responses to this ques-
tionnaire.

Diabetes was defined as a history of

diabetes being treated with insulin,
oral agents, and/or diet or a negative
history, but glycosylated hemoglobin
greater than two standard deviations
above the relevant age-sex mean.
Statistical Analyses. Cross-tabula-
tions and multivariable models were
done using SAS Version 8.01 {47). For
testing significance in the cross tabula-
tions, the Cochran-Mantel-Haenszel
procedure was used when there was a
natural ordering to the risk factor.
When this was not the case, the row
means score difference test was used.
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TABLE2
Characteristics Associated with Tooth Loss
Missing Teeth Status (%)
Risk Factor (N) None Some All P-value Adjusted P-value*
Age (years)
53-64 1,134 26.5 66.6 7.0
65-74 902 13.1 69.6 17.3
75-84 672 8.0 70.5 214
85+ 214 51 63.1 31.8 <.001
Sex
Women 1,697 17.1 65.6 17.3
Men 1,225 15.8 71.7 126 11 .85
Smoking
None 1,384 20.5 66.0 135
Past 1,245 14.2 70.3 15.5
Current 286 7.7 69.9 224 <.001 <.001
Heavy drinking
Non-heavy 2,476 17.6 67.3 15.1
Past/current 434 10.8 74.0 15.2 02 <.001
Diabetes
No 2,431 17.9 68.2 14.0
Yes 351 9.1 65.5 254 <.001 <.001
Education (years)
0-11 583 43 61.7 34.0
12 1,367 13.8 73.0 13.2
13-15 466 221 68.5 9.4
16+ 492 33.5 62.4 4.1 <001 <.001
Multivitamins
No 1,590 14.1 69.9 16.0
Yes 1,332 194 66.1 14.5 .001 .01
Self-reported health
Excellent 539 26.4 63.5 10.2
Good 1,862 16.5 69.1 14.5
Fair 415 6.3 71.3 224
Poor 48 42 72.9 229 <.001 <.001
Difficulty eating solid food
No 2,588 18.3 69.2 12.6
Yes 324 31 60.5 36.4 <.001 <.001
Inability to eat favorite foods
No 2,596 18.4 69.0 12.6
Yes 311 1.9 61.1 37.0 <.001 <.001

*Adjusted for age and sex where appropriate.

Multivariable models were fit for
missing teeth by dichotomizing the
outcome to missing any teeth or miss-
ing no teeth. Logistic regression was
then used for multivariable models. A
stepwise procedure was used to elimi-
nate nonsignificant factors. Due to the
large correlation between education
and income, separate models were fit
with each of these risk factors. The
models were similar, but because edu-
cation was more consistently associ-

ated with the outcome, we present the
model with education.

Results

There were 1,992 (68.2%) persons
who were missing some and 447
(15.3%) missing all of their teeth. Peri-
odontal disease was reported by 485
(16.5%) of participants. Current use of
dentures of some kind was reported
by 1,588 (53.6%) persons. There were
327 (11.1%) persons who reported dif-

ficulty eating solid foods and 315
(10.7%) who reported they could not
eat some foods they enjoyed because
of problems with their teeth. All of the
previous conditions increased with
age. Nearly half the population
(49.0%) had visited a dentist within six
months of the study examination and
85.3 percent had visited a dentist
within four years. Numbers of partici-
pants contributing to our analyses
vary because values may be missing
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for some variables.

Table 2 shows the relationship of
life-style factors and diabetes to tooth
loss. Age was associated with tooth
loss in both women and men. Relation-
ships of other characteristics to tooth
loss are given as crude and age and
sex-adjusted comparisons. Current
smokers were more likely to have lost
teeth than nonsmokers, with past
smokers intermediate between the
two. Heavy drinking and diabetes
were associated with tooth loss. Edu-
cation and use of multivitamins were
inversely associated with tooth loss.
Difficulty eating solid food and inabil-
ity to eat some foods they enjoy were
more common in those who had lost
some or all of their teeth. Self-reported
health was significantly (inversely) as-
sociated with missing any teeth.

To investigate the effects of these
characteristics on tooth loss, we devel-
oped a multivariable model (Table 3).
Variables we considered were age,
sex, smoking, heavy drinking, diabe-
tes, and multivitamin use. Age was
significantly associated with tooth
loss, but sex was not. Education was
associated with decreased odds, while
smoking, especially current smoking
and heavy drinking, were associated
with increased odds of any tooth loss.
Adding diabetes status and use of
multivitamins to this model did not
significantly alter the odds ratios asso-
ciated with the other factors. How-
ever, diabetes was significantly associ-
ated with increased odds (1.73; 95%
confidence interval [CI]=1.16, 2.57),
while multivitamin use was not.

Discussion

Tooth loss was a common occur-
rence in adults in Beaver Dam, with
68.2 percent missing some and 15.3
percent missing all teeth, increasing
monotonically with age such that 7
percent of persons 53~64 years of age
and 31.8 percent of persons 85 years of
age or older were edentulous. While
the latter percentages are more favor-
able than persons of similar age who
participated in the NHANES III Phase
1 (18), they are substantial and oc-
curred despite relatively high preva-
lence of dental care. Although persons
may have sought dental care only after
experiencing symptoms related to oral
conditions that lead to tooth loss, it
also may be that processes associated
with aging are not entirely success-
fully treated through dental care

Journal of Public Health Dentistry

TABLE 3
Life-style Correlates of Tooth Loss, Multivariable Model

Life-style Factor OR (95% CI)* P-value
Age/10 years 1.98 (1.75, 2.25) <.001
Women versus men 0.87 (0.69, 1.09) 22
Education/category increaset 0.57 (0.51, 0.64) <.001
Current vs nonsmoker 4.04 (2.52, 6.49) <.001
Past vs nonsmoker 1.57 (1.25, 1.98) <.001
Heavy vs nondrinking} 1.44 (1.01, 2.05) .05

*Odds ratios and 95% confidence interval for missing some or all teeth.

tSee Table 2 for education categories.

tHeavy drinking includes past and current heavy drinkers.

alone.

Because of the relationship of age to
tooth loss and to associated charac-
teristics, we present age-adjusted
analyses of associated life-style factors
as well as unadjusted analyses. How-
ever, age adjustment did not markedly
influence the significance of the asso-
ciations for most variables. This sug-
gests that exposures to these life-style
factors add to the burden incurred due
to aging alone.

While our data are cross-sectional, it
is reasonable to entertain the possibil-
ity that these life-style factors pre-
ceded tooth loss. This would need to
be confirmed in prospective studies in
our population. There have been other
studies suggesting such a temporal re-
lationship, especially for smoking
(48,49). While not implying that alter-
ing such behavior is easily accom-
plished, they may be more amenable
to modification than increasing educa-
tion, another characteristic we found
to be associated with tooth loss. Addi-
tional follow-up data in our cohort
would provide incidence data con-
cerning these exposures. Hunt et al.
(50) found that smoking was associ-
ated with incidence of tooth loss in
older persons in North Carolina.

Nutrition may be an important me-
diator of a relationship between sys-
temic disease and oral conditions
(51,52). We are unable to assess such
effects. However, we did find an ap-
parent protective effect of multivi-
tamins on tooth loss in crude and age-
adjusted analyses. This is in keeping
with the finding of a beneficial effect
of calcium and vitamin D supplements
on tooth retention that was reported
from a trial of the protective effects of
such supplements on osteoporosis
(53). Most multivitamin preparations

used in Beaver Dam contain at least
the Recommended Daily Allowance
(RDA) of vitamin D and calcium (not
previously reported). We found that
after considering other life-style char-
acteristics, multivitamin use was no
longer significant, suggesting the pos-
sibility that multivitamin use in our
population reflects education and in-
come advantages.

Because education and income
were highly correlated, we did not in-
clude both in the multivariable analy-
ses. We chose to include education be-
cause its relationship to tooth loss was
more consistent than income. We sus-
pect that education may provide a bet-
ter indicator of a healthy life style than
current income in our population, pos-
sibly because many persons are in
transition from employment to retire-
ment. Also, there were fewer missing
values for education in our data, pos-
sibly because some persons were re-
luctant to divulge their income.

Limitations of our study include
that it was cross-sectional; therefore,
temporal relationships of life style cor-
relates to tooth loss cannot be deter-
mined. In addition, our data on tooth
loss are self-reported. However, since
we used broad categories of no lost
teeth, some lost teeth, and all teeth lost,
we believe these endpoints are reli-
able. This population is virtually all
white and of Northern European ex-
traction, not unlike many Midwestern
communities. While this may appear
to be a limitation, the results suggest
that the life-style factors we found to
be important correlates of tooth loss
are similar to those found in different
population groups described in the lit-
erature suggesting that the effects of
these environmental factors may be
universal. Another limitation is that
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our population is composed of survi-
vors of a cohort initially defined in
1987. Thus, selective mortality may
have influenced our findings. The
mortality rate for this population has
not been extraordinary, but was

eater in those who were older, more
likely tohave smoked, and tohave had
less education than those who partici-
pated in the 10-year examination. De-
spite this, we still found life-style char-
acteristics to be associated with tooth
loss. Selective mortality may have
caused us to underestimate the impor-
tance of these correlates in explaining
tooth loss.

Finally, although we assume that
tooth loss reflects age, chronic illness,
as well as life-style factors, it is likely
that dental practices in the past which
differ from current patterns have in-
fluenced the percentages we report
from our cross-sectional study (54).
However, we are unable to assess the
effect this might have on the magni-
tude of risk factor associations we re-
port here.

We note that persons with tooth loss
were more likely to have poorer self-
rated health than those without tooth
loss. While this is not unexpected and
may be because those with tooth loss
have additional medical problems
contributing to poorer self-rated
health, it is plausible that tooth loss
adds to this burden. There were 327
(11%) persons who reported difficulty
eating solid food and 315 (11%) who
reported they could not eat some
foods they enjoyed because of prob-
lems with their teeth. Thus, oral condi-
tions may be important contributors to
ill health and to quality of life in older
persons. Further research on factors
that could be altered to diminish the
burden due to oral conditions is
needed.

In conclusion, we found that tooth
loss was common in adults in Beaver
Dam. Tooth loss has been found to be
associated with systemic conditions
and life-style factors. While there may
be little that can be done about concur-
rent diseases, modification of smoking
and heavy drinking and possibly in-
creasing the level of education may
have positive effects on tooth loss.
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