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Abstract

Background—It has not been established to what extent oral health is associated with
cognitive function in late middle—aged adults. In this study, which is part of the national
Atherosclerosis Risk in Communities (ARIC) study, the authors investigated whether tooth loss
and periodontitis are associated with lower cognitive function.
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Methods—The authors analyzed ARIC data measuring cognitive function in 11,097
participants from 1996 through 1998 according to tests of delayed word recall, digit-symbol
substitution (DSS) and word fluency; 9,874 participants answered dental screening questions. Of
the 8,554 dentate participants, 5,942 received oral examinations. The authors used measures of
dental status, number of teeth and periodontitis (classified according to the Biofilm-Gingival
Interface Index) in multiple linear regression models to estimate these factors’ cross-sectional
association with cognitive scores, adjusting for sociodemographic factors, cigarette smoking,
alcohol use and diabetes.

Results—Approximately 13 percent of participants were edentulous. Of the dentate
participants, 27.3 percent had fewer than 20 teeth and 12.4 percent had pocket depth of 4
millimeters or more with severe bleeding. Compared with dentate participants, edentulous
participants had lower scores for all cognitive tests. Among the dentate participants, having fewer
teeth and gingival bleeding were associated with lower DSS and word fluency test scores, although
periodontal pocket depth was not.

Conclusions—In this cohort, edentulism was correlated with lower cognitive status. Tooth
loss and gingival bleeding were markers of poorer executive function among dentate people.

Practical Implications—The association of lower cognitive scores with edentulism suggests
that past oral diseases may be a risk indicator for cognitive decline, whereas the association with
gingival inflammation indicates a possible effect of cognitive decline on oral health. Practitioners
should be aware that both current and historical markers of oral disease might be associated with
decline in cognitive function, even in adults of late middle age.
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As populations age, cognitive impairment and dementia become increasingly challenging
public health problems that adversely affect older adults’ quality of life and health care
costs.} Many studies, involving primarily older adults, have linked oral diseases, tooth loss
or both with low cognitive performance and onset of dementia,2~14 although such
associations could arise from various mechanisms. Whereas chronic poor oral health
plausibly can influence cognitive decline, people with cognitive impairment have reduced
ability to perform oral hygiene, which could lead to poor oral health.15-17

Cross-sectional studies, which have provided most of the evidence to date, typically are
unable to establish the temporal sequence underlying causal associations. If the mechanism
behind the association begins with cognitive impairment, an extended interval would be
needed for the subsequent decline in oral health to translate into tooth loss and edentulism;
thus, the association likely would not be observed in a cross-sectional study. A more likely
pathway for the association is that poor oral health leads to cognitive decline. The results of
several studies suggest that periodontal infection and increased inflammatory levels in early
life could be responsible for later cognitive decline.6.7:11,14,18-20

Although investigators in cross-sectional studies'#20:21 and a prospective studyl® found that
biological markers for periodontal infection were associated with dementia or cognitive
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impairment, studies in which researchers have investigated these associations by using
clinical signs of periodontal disease (for example, pocket depth, gingival bleeding or
attachment loss) have shown mixed results.2>7:8.11.18.22.23 pqgsible reasons for this
variability are that many of these studies had small numbers of participants,’18 and some
studies relied on measures of periodontal disease that are based on partial examinations®22
or self-report.2 In addition, attachment loss, often used as an indicator of past periodontal
disease, also may reflect noninflammatory processes such as gingival recession caused by
physical injury resulting from tooth brushing or flossing.

The purpose of our study, therefore, was to examine the associations between cognitive
performance in late middle—aged adults and periodontal disease as assessed by means of an
index that reflects people’s current state of periodontal inflammation. To that end, we
determined how three measures of cognitive performance related to three indicators of oral
health—dental status, number of teeth and periodontal disease as classified according to the
Biofilm-Gingival Interface (BGI) index?*—among late middle—aged adults participating in
the Atherosclerosis Risk in Communities (ARIC) study, a prospective epidemiologic study
conducted in four U.S. communities under the sponsorship of the National Institutes of
Health, Bethesda, Md. We hypothesized that lower cognitive performance was associated
with greater occurrence of edentulism, tooth loss and severe periodontal disease.

METHODS

Design and study population

In this cross-sectional study, we analyzed data collected by research personnel working on
the ARIC and Dental ARIC projects. Details regarding the study designs and protocols have
been reported elsewhere.2>-27 Briefly, ARIC is a prospective, community-based study of
middle-aged adults (aged 45-64 years at the inception) followed from 1987 through 1989
(visit 1). Follow-up visits 2, 3 and 4 occurred at three-year intervals. Data from oral
examinations were collected at the fourth visit (between 1996 and 1998) as part of Dental
ARIC, an ancillary study of the parent ARIC study. We confined our analysis to African
American and white participants who received a cognitive assessment and dental screening
interview at visit 4. A subset of screened dentate participants also underwent comprehensive
dental examinations, which included periodontal probing. Of 11,097 participants who
completed cognitive battery tests at visit 4, 9,874 participants underwent dental screening
interviews that asked about tooth loss. Of the 8,554 dentate respondents, 5,942 received a
dental examination. (The process of selecting participants is shown in eFigure 1 in the
supplemental data to the online version of this article [found at http://jada.ada.org/content/
144/12/1362/suppl/DC1].)

Oral health measures

Exposures included dental status, number of teeth and clinical diagnosis of periodontal
disease.

We computed a participant’s dental status from answers to the following two items on a self-
administered questionnaire: “Do you have any natural teeth?” and “Do you have any dental
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implants?” We excluded from the study participants with only dental implants and no natural
teeth (n = 21). During the dental examination, the number of teeth present was recorded by
dental hygienists who were hired and trained to conduct oral examinations for the ARIC
study.

Periodontal probing depth (PPD) and bleeding on probing (BOP) were assessed at six sites
per tooth on all remaining teeth by trained examiners. We computed the score on the BGI
index by using measures of PPD (< 3 millimeters, no periodontal pocket; = 4 mm,
periodontal pocket present) and the extent of BOP (< 10 percent, low; 10-50 percent,
moderate; = 50 percent, severe). The BGI index has been developed on the basis of a
concept that clinical disease classification should reflect an underlying biological process of
periodontal disease in which there is a complex interaction of the microorganisms with host
inflammatory and immune responses. We used the BGI index to classify five levels of
periodontitis. We classified study participants with PPD of 3 mm or less as being
periodontally healthy if the extent of their BOP was less than 10 percent or as having
gingivitis if the extent of their BOP was 10 percent or greater. We classified study
participants with one or more PPD of 4 mm or higher as having periodontitis with either low
bleeding (LB), moderate bleeding (MB) or severe bleeding (SB).24 As secondary endpoints,
we computed the case classifications as defined by Page and Eke.28 (Additional information
on this is available in eTables 3 and 4 in the supplemental data to the online version of this
article [found at http://jada.ada.org/content/144/12/1362/suppl/DC1].)

Cognitive function

The outcomes of interest were scores from the following cognitive tests administered by
ARIC interviewers: delayed word recall (DWR), digit-symbol substitution (DSS) and word
fluency (WF). The DWR tested study participants’ verbal learning and recent memory,
producing scores ranging from 0 (low cognitive function) to 10 (high cognitive function).
Study participants were asked to recall a list of 10 common nouns, one at a time. After a
five-minute delay, participants were asked to recall these words by composing a sentence
containing each one. The WF test evaluates expressive language, and the DSS test is a test of
concentration and psychomotor speed. Both are used to assess executive function. For the
WEF test, participants were asked to generate words beginning with F, A and S, not including
proper names or places, within 60 seconds for each trial. For the DSS test, participants were
required to translate numbers to symbols within 90 seconds by using a key. The total number
of correct translations determined the study participant’s score (ranging from 0 [low
cognitive function] to 93 [high cognitive function]). Higher scores on each of the three tests
indicate better cognitive ability. Cognitive test protocols from ARIC have been reported
elsewhere.26

Covariates

Covariates included sociodemographic factors (age, race, sex, educational level, income and
study sites), cardiovascular risk factors, apolipoprotein E (APOE) genotype, stroke and
coronary heart disease (CHD). We classified educational levels as less than high school,
completion of high school and postsecondary education. We coded household income (in
1996-1998 U.S. dollars) as less than $25,000, $25,000 to $50,000, greater than $50,000 and
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not reported. The four ARIC communities are Forsyth County, N.C.; Jackson, Miss.; the
northwest suburbs of Minneapolis; and Washington County, Md. We created a variable
representing race and ARIC field centers to control for the racial, regional and examiner
differences in the ARIC cohort as the following: Forsyth/white, Forsyth/black, Jackson/
black, Minnesota/white and Washington/white. Cardiovascular risk factors included cigarette
smoking and alcohol use (each recorded as never, former or current), diabetes, hypertension,
hyperlipidemia and body mass index (BMI). We dichotomized APOE genotype as the
presence or absence of the APOE ¢4 allele. (More information on the methods is provided in
the appendix, which can be found in the supplemental data to the online version of this
article [found at http://jada.ada.org/content/144/12/1362/suppl/DC1].)

Statistical analyses

We used bivariate analyses to assess associations of covariates with cognitive scores and oral
health measures. (See eTable 2 in the supplemental data to the online version of this article
[found at http://jada.ada.org/content/144/12/1362/suppl/DC1].) We analyzed cognitive
scores as continuous measures by using multiple linear regression models. We used directed
acyclic graphs (DAGSs) and change-in-estimate procedures to select the adjustment variables
in this study. We considered CHD and stroke to be mediators of the exposure-outcome
association and therefore did not include them in the regression models. We defined
“reduced models” as those with a minimally sufficient set of covariates, as identified in the
DAGs; they included age, race, sex, study site, education, income, cigarette smoking,
alcohol use and diabetes. We defined fully adjusted models as those comprising variables
from the reduced model as well as BMI, hyperlipidemia, hypertension and APOE &4. We
compared the regression coefficient for the oral health measure (that is, dental status,
number of teeth or BGI index score) from the DAG model with that from the fully adjusted
model. If the estimate changed by less than 10 percent or £+ 0.1, we selected the more
parsimonious (reduced) model for the primary analysis. We used statistical software (SAS
Version 9.3, SAS Institute, Cary, N.C.) for all analyses. The University of North Carolina at
Chapel Hill institutional review board determined that this study, which involved secondary
analysis of de-identified data, was of minimal risk and therefore was exempt from
continuing review.

RESULTS

Characteristics of study participants

The majority of the study sample (56 percent) were women. About 80 percent of all
participants were white, but all Jackson participants and about 9 percent of Forsyth
participants were black. About one-half of the participants were current drinkers and 14
percent were current smokers. Compared with white participants, black participants had less
education, lower incomes, more medical problems and lower scores on all cognitive tests.

Of 9,874 participants who underwent dental screening, 13.4 percent (1,320) were
edentulous. Among the dentate participants (n = 8,554), those who did not receive a
comprehensive dental examination (n = 2,612) were more likely than the examined dentate
participants to be black and female. Participants who did not receive a dental examination
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also tended to have less education, low income and compromised systemic conditions (data
not shown). Mean DWR scores did not differ meaningfully between participants who
received examinations and those who did not (mean [standard deviation {SD}] = 6.6 [1.6]
for participants without examinations versus 6.7 [1.6] for participants with examinations),
although mean DSS and WF test scores were slightly lower among those who did not
receive examinations (43.6 [13.6] versus 45.7 [12.5] for DSS and 33.9 [12.4] versus 34.8
[12.3] for WF). More than two-thirds of participants who received a comprehensive dental
examination had periodontal disease (that is, PPD = 4 mm), and approximately 12 percent
were classified as having severe bleeding or severe periodontitis (Table 1). Participants with
severe periodontitis had the greatest extent of attachment loss. (See eFigure 2 in the
supplemental data to the online version of this article [found at http://jada.ada.org/content/
144/12/1362/suppl/DC1].)

About 70 percent of edentulous and dentate participants reported past tooth loss due to
caries. Edentulous participants were twice as likely as dentate participants (32.5 percent
versus 11.1 percent) to report past tooth loss due to periodontal disease (“gum disease” was
the response on the questionnaire) and 42.1 percent of edentulous participants had had an
initial diagnosis of “gum disease” more than 30 years before (Table 2, page 1367).

In the multiple regression analyses, hypertension, BMI, hyperlipidemia and APOE &4 were
not confounding variables for any of the associations between oral health measures and
cognitive scores. Therefore, we present results from solely the DAG models in Table 3 (page
1368).

Tooth loss and cognitive function

Complete tooth loss was significantly associated with lower DWR, DSS and WF scores
(Table 3, Figure 1 [page 1369]). Regression coefficients for complete tooth loss were
attenuated greatly after we adjusted for sociodemographic factors. The associations
remained significant after we controlled for cigarette smoking, alcohol use and diabetes.
Among the dentate participants, a larger number of teeth present was associated with higher
cognitive scores for all tests. However, the number of teeth was no longer associated with
DWR scores after we adjusted for sociodemographic factors. The adjusted associations with
DSS (b = 0.069 per tooth, = .0003) and WF (b = 0.086, A= .0002) were significant in the
final models (Table 3).

Periodontal disease and cognitive function

In the crude analyses, periodontal disease was associated with all cognitive test results, and
the group with severe periodontitis had the lowest cognitive scores. As with the analysis for
the number of teeth, the association with DWR scores was not evident after adjustment for
sociodemographic factors. In the final models, BGI was associated marginally with DSS (P
=.05) and significantly with WF (£ =.001); however, there was no clear trend of the
relationship across the five levels of the BGI index. The lowest cognitive scores were found
in participants with gingivitis or severe periodontitis (Table 3, Figure 2 [page 1370]).

JAm Dent Assoc. Author manuscript; available in PMC 2016 July 21.


http://jada.ada.org/content/144/12/1362/suppl/DC1
http://jada.ada.org/content/144/12/1362/suppl/DC1

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Naorungroj et al. Page 7

DISCUSSION

In this cohort of late middle—aged adults, participants with no teeth had cognitive scores
lower than those of dentate particpants on all three tests. The other two indicators of poor
oral health—decrease in number of teeth and presence of periodontal disease—were
associated with lower DSS and WF scores, but not with lower DWR scores. We did not
observe a clear dose-response relationship among five levels of periodontal disease created
by the BGI index. Instead, cognitive scores were related to the extent of BOP.

Strengths of this study include its large population-based sample and high quality of
periodontal and cognitive function assessments. To our knowledge, our study is the first
examination of the association between periodontal disease, as classified by using indicators
of disease at the biofilm-gingival interface, and cognitive performance. A primary advantage
of using the BGI index was that it enabled us to investigate the association between natural
gradients of periodontal disease severity and cognitive function. The five levels of the BGI
differ in their underlying biological process, which include the microbial, inflammatory and
acquired immune responses. For example, participants with gingivitis (BGI-G), deep lesions
and moderate BOP (BGI-DL/MB) and deep lesions and severe BOP (BGI-DL/SB) were
more likely to have increased immunoglobulin G (1gG) titers specific for Campylobacter
rectus. The two latter groups were more likely to show elevated 1gG titers of Prophyromonas
gingivalis2’

A fundamental limitation of our study is that our data are cross-sectional, so associations
could reflect effects of poor oral health on cognitive decline or the reverse. Furthermore, oral
examinations in ARIC were limited to study participants who had no contraindication to
periodontal probing (that is, no requirement for antibiotic prophylaxis). If those who require
antibiotic prophylaxis have medical conditions that are associated with severe periodontal
disease, this exclusion could lead to an underestimation of the association with cognitive
function. Another limitation is that our cognitive tests covered only two cognitive domains,
memory (via the DWR test) and executive function (via the DSS and WF tests).

The cross-sectional nature of our study complicates interpretation of the associations we
examined. One difficulty is that associations between oral health and cognitive scores could
reflect influences in either direction, as mentioned previously. Another difficulty is that
cross-sectional associations are more vulnerable to confounding by important covariables—
notably, educational attainment—than are analyses of changes in cognitive function.?? In a
separate publication, our research group3? investigated changes in cognitive function
between visit 2 and visit 4 as a predictor of oral health status at visit 4. In that analysis, in
which we also controlled for study participants’ education, most oral health measures—
including periodontal disease—were not significantly associated with change in cognitive
function, although edentulism was. The consistency of findings regarding complete tooth
loss in that study and this one provide some reassurance that residual confounding was not a
serious problem. Last, it has been reported that poor oral health and cognitive deficits also
are related to compromised systemic health, unhealthy behaviors (such as cigarette smoking)
or psychosocial factors (such as stress).%-11.22 Although we included all measured
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confounding variables and modifiers in the analyses, biased estimates due to unmeasured
confounders still are possible.

Although research personnel measured tooth loss and cognitive function concurrently, we
noted that study participants’ loss of multiple teeth typically occurred earlier in adulthood.
In addition, edentulous participants were more likely to report tooth loss due to periodontal
disease than were dentate participants (Table 2), suggesting that past periodontal disease
may be a risk indicator for low cognitive function in midlife. On the other hand, at least part
of the positive association between complete tooth loss and cognitive function may be
attributable to sociodemographic factors. The characteristic of having no teeth retained
statistical significance in the multiple regression models for low cognitive function that
included terms for health behaviors and medical conditions, although residual confounding
by socioeconomic status is a distinct possibility. In contrast, the authors of a large cross-
sectional study that included middle-aged adults (45 years and older) suggested that an
association they observed between tooth loss and word recall test scores likely was due to
confounding because it disappeared after they controlled for socioeconomic status.3!

Our results are consistent with those from studies that suggest that loss of multiple teeth
early in life increases the risk of experiencing cognitive decline.2:3>:710 For instance, a case-
control study involving monozygotic twins reported that only history of tooth loss before the
age of 35 years was a significant risk factor for Alzheimer disease.1? A cross-sectional study
in Japanese older adults reported an association between having an extended edentulous
period (15 years or longer) and increased risk of having low cognitive scores.3 However,
both of these studies were retrospective and relied on self-reports of tooth loss.

Two possible biological pathways whereby tooth loss could accelerate cognitive decline
have been proposed: systemic infection and resultant inflammation’32 and nutritional
deficiency.#33 Indirect evidence for the second pathway comes from a Japanese study of
older adults in which having few teeth and no dentures increased the risk of experiencing the
onset of dementia (hazard ratio, 1.85; 95 percent confidence interval, 1.04-3.31).* However,
in this study, we found that edentulous study participants had BMls higher than those of
dentate participants (data not shown), contradicting the idea that tooth loss might have
contributed to nutritional deficiency. We also found that most edentulous study participants
(98 percent) had dentures, which probably compensated for nutritional deficiencies caused
by tooth loss. Overall, our study has insufficient direct evidence to support or refute the
proposed pathway mediated by nutritional deficiency.

Among the dentate participants in our study, both number of teeth and presence of
periodontal disease were associated with diminished executive cognitive function (as gauged
by the results of the DSS and WF tests), but these associations were relatively weak.
Examination of cognitive scores in relation to each component of the BGI index indicated
that lower cognitive function was related primarily to the extent of gingival bleeding rather
than to periodontal pocket depth. (See eTable 4 in the supplemental data to the online
version of this article at http://jada.ada.org/content/144/12/1362/suppl/DC1.) Our finding
was consistent with the findings of a previous cross-sectional study analyzing data from the
1988-1994 National Health and Nutrition Examination Survey, in which the extent of
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gingival bleeding was associated with low scores on two cognitive tests in young and
middle-aged adults (20-59 years).22

The BGI index reflects both the current and the cumulative burden of periodontal disease.
Thus, the group that had periodontitis with severe bleeding also had a greater extent of
attachment loss.24 We conducted a supplementary analysis, which showed that low cognitive
scores also were correlated with greater extent of attachment loss. (More details are shown
in eTable 4, available as supplemental data to the online version of this article at http://
jada.ada.org/content/144/12/1362/suppl/DC1.) In theory, if chronic periodontal disease and
inflammatory burden truly contribute to early onset of cognitive decline, participants with
severe periodontitis should have the lowest cognitive scores. However, a relationship might
not be seen if periodontal disease exposure is underestimated owing to tooth loss or if the
induction period for cognitive decline is long. In a longitudinal study in older men,
investigators found that additional tooth loss with progression of alveolar bone loss or
progression of pocket depth per decade predicted low cognitive function after a 32-year
follow-up interval.® Participants who had gingivitis with active inflammation (that is, a
greater extent of bleeding) could represent people with early lesions of periodontal disease
or people whose periodontal disease has been treated. In our study sample, about one-half of
dentate participants reported less than 10 years of having periodontal disease, and about 11
percent have lost teeth because of periodontal disease (Table 2).

Alternatively, a reverse causal process may be possible. An early decline in the executive
function domain may alter a person’s cognitive processes (for example, planning, reasoning,
initiation or making decisions), resulting in inadequate oral hygiene. Our previous study
results revealed that six-year changes in executive function (between the 1990-1992 and
1996-1998 periods) were associated with infrequent tooth brushing, gingival inflammation
or greater plaque deposits.3! This finding may explain why participants with gingivitis also
had lower DSS and WF scores when compared with the others. Similar to tooth loss,
periodontal disease was associated strongly with sociodemographic factors in the ARIC
study. Therefore, potential residual confounding by sociodemographic factors is the most
obvious alternative explanation for our study results.

CONCLUSIONS

Our study findings add to the evidence that complete tooth loss, low number of teeth and the
inflammatory stage of periodontal disease are associated with lower cognitive performance.
Given that severe periodontitis and edentulism likely occurred many years before
participants were examined in this study, we believe that the process through which these
conditions developed preceded, rather than followed, age-related cognitive decline. The
association of poorer cognitive function with gingivitis could reflect an effect of cognitive
decline, however. Thus, the association between oral health and cognitive function could
reflect causal processes in either direction—or both directions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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scores, comparing edentulous participants with dentate participants (N = 9,874). Covariates
in the adjusted models included age, sex, race/study center, education, income, cigarette
smoking, alcohol use and diabetes.
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Crude and adjusted mean with 95 percent confidence intervals (Cls) of three cognitive
scores, comparing five levels of periodontal conditions (n = 5,942). Covariates in the

adjusted models included age, sex, race/study center, education, income, cigarette smoking,
alcohol use and diabetes. DL/LB: Deep lesion/low bleeding. DL/MB: Deep lesion/moderate
bleeding. DL/SB: Deep lesion/severe bleeding. G: Gingivitis. H: Healthy.
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TABLE 2

Comparisons of self-reported causes of tooth loss, prosthesis use and periodontal disease among study

participants, according to dental status.

SELF-REPORTED ITEMS

DENTAL STATUS

Edentulous (n = 1,320)

Dentate (n = 8,554)

Causes of Tooth L oss, %

Cavities™ 736 718
Unknown 1.9 3.4
Data missing 0.08 0.01
Gum disease™ 325 1.1
Unknown 33 2.0
Data missing 0.08 0.01
Wisdom teeth ™ 75.9 75.1
Unknown 2.6 3.4
Data missing 0.08 0.05
Overcrowding ™ 9.2 186
Unknown 2.0 2.2
Data missing 0.08 0.01
Other reasons™ 18.6 14.8
Unknown 1.2 0.6
Data missing 0.2 0.1
Prosthesis Use

Had falseteeth, *% 91.8 50.5
Data missing 0.2 0.05
Ageat receipt of first falsetooth,fmean (standard deviation [SD]) 36.0 (13.7) 38.6 (14.6)
Gum Disease

Ever noticed any loose teeth, % 26.1 15.7
Unknown 1.8 0.2
Data missing 2.2 1.0
Had gum disease, % 22.0 22.3
Unknown 0.3 0.5
Data missing 0 0.06
Duration of gum disease?

Mean (SD) 243 (12.9) 11.1 (10.1)
Less than 10 years, % 10.7 51.0
10 to less than 20 years, % 23.1 27.0
20 to less than 30 years, % 241 14.8
30 years or more, % 42.1 7.2

*
Of 1,290 edentulous and 7,698 dentate participants who reported history of tooth loss.
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7LOf 1,261 edentulous and 3,886 dentate participants who had prostheses, 1,202 edentulous and 3,683 dentate participants reported the age at which

they received their first false tooth.
’tOf 291 edentulous and 1,907 dentate participants who had periodontal disease, 290 edentulous and 1,985 dentate participants reported duration
since they were first diagnosed.
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