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Abstract

Objective: Both diabetes mellitus (DM) and poor oral health are common chronic conditions
and risk factors of Alzheimer’s disease and related dementia among older adults. This study
assessed the effects of DM and complete tooth loss (TL) on cognitive function, accounting for
their interactions.

Methods: Longitudinal data were obtained from the 2006, 2012, and 2018 waves of the Health
and Retirement Study. This cohort study included 7,805 respondents aged 65 years or older with
18,331 person-year observations. DM and complete TL were self-reported. Cognitive function was
measured by the Telephone Interview for Cognitive Status. Random-effect regressions were used
to test the associations, overall and stratified by sex.
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Results: Compared with older adults without neither DM nor complete TL, those with both
conditions (b = —1.35, 95% confidence interval [CI]: —1.68, —1.02), with complete TL alone (b
=-0.67, 95% CI: -0.88, —0.45), or with DM alone (b = —0.40, 95% CI: -0.59, —-0.22), had

lower cognitive scores. The impact of having both conditions was significantly greater than that of
having DM alone (p <.001) or complete TL alone (p = 0.001). Sex-stratified analyses showed the
effects were similar in males and females, except having DM alone was not significant in males.

Conclusion: The co-occurrence of DM and complete TL poses an additive risk for cognition.
Healthcare and family-care providers should pay attention to the cognitive health of patients with
both DM and complete TL. Continued efforts are needed to improve older adults’ access to dental
care, especially for individuals with DM.
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1. INTRODUCTION

With the rapid aging of the U.S. population, the number of older adults with cognitive
impairment, Alzheimer’s disease, and related dementia (ADRD) continues to increase.
Cognitive impairment has emerged as a major contributing factor to mortality in older
persons [1]. Identifying risk factors for cognitive impairment and slowing its progression
are essential to mitigate its adverse impact on older adults, their families, and the healthcare
system [2].

Research has shown that diabetes mellitus (DM) is a risk factor for cognitive impairment
and ADRD [3-7]. Emerging evidence has also shown that overall, poor oral health (¢e.g.,
periodontal disease and tooth loss) is a risk factor for cognitive impairment [8-11], although
the findings are inconsistent [12-15].

Both DM and poor oral health are common chronic conditions among older adults in the U.S
[16, 17]. Although the prevalence of complete tooth loss (TL) has been decreasing recently
[18, 19], a considerable number of older adults are edentulous. The 2009-2014 National
Health and Nutrition Examination Survey in the U.S. showed that complete TL affected
17.6% of adults aged 65 years and older, and 22.5% of those aged 75 years and older [20].

Furthermore, DM and poor oral health have a reciprocal relationship: DM has an adverse
effect on periodontal health, and periodontal disease affects glycemic control [21, 22].
Individuals with DM are more likely to have a higher number of missing teeth [18]. Given
the interrelated mechanism (e.g., chronic inflammation) between DM and poor oral health,
the co-occurrence of these two factors could be expected to pose a higher risk for cognitive
decline. Nevertheless, there exist limited data exploring how the co-occurrence of DM

and complete TL (a measure of poor oral health) affects cognitive function compared to
having either condition alone. So far, to our knowledge, only one study [23] examined the
association of poor oral health and DM with dementia/cognitive decline, and found that
compared to persons with 22 or more teeth, those having no teeth were at the highest risk of
both dementia and cognitive decline.
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To address the scarcity of empirical evidence, our study aimed to assess the association

of DM and complete TL with cognitive function in a large representative sample of older
adults with longitudinal data in the U.S. We hypothesized that 1) older adults with the
co-occurrence of DM and complete TL would have lower cognitive function than those with
either condition alone; 2) older adults with at least one of the conditions would have lower
cognitive function than those with neither condition.

MATERIALS AND METHODS
Data and Study Sample

Data for this study were drawn from the Health and Retirement Study (HRS). The HRS is

a population-based, nationally representative survey of U.S. adults aged 51 years and older.
It is a biennial longitudinal survey, which began in 1992; new cohorts have been added

in some waves of HRS to maintain the desired sample size. The HRS collects detailed
economic and health information, including income, assets, disability, chronic conditions,
and cognitive function [24]. However, some data are not collected in every wave. For
example, information about complete TL, one of our primary measures, was only measured
in three waves: 2006, 2012, and 2018. At the time of this study, HRS 2018 is the most recent
publicly available data that include tooth loss data. As such, we included respondents aged
65 years or older from these three waves.

In this study, we excluded respondents without follow-up data on cognitive function and
respondents who self-reported complete TL or DM previously in one wave of HRS survey
but reported otherwise in a subsequent wave. The final analytical sample consisted of 7,805
respondents aged 65 years or older, including 2,721 respondents participating in all 3 waves
(with 2006 as baseline), 3,381 in 2006 and 2012 only (2006 as baseline), 1,654 in 2012 and
2018 (2012 as baseline), and 49 in 2006 and 2018 but not in 2012 (2006 as baseline). As
such, all of them had at least 2 waves of cognitive function data, and the analytical sample
consisted of 18,331 person-year observations

Measures

2.2.1. Cognitive Function—Cognitive function was assessed by the HRS modified
Telephone Interview for Cognitive Status (TICS-m) [25]. It is a brief cognitive status
measure that includes immediate and delayed word recall (score range = 0-20), serial 7
subtraction (range = 0-5), counting backwards (range = 0-2), orientation to time (range =
0-4), object naming (range = 0-2), and president/vice president naming (range = 0-2) [26].
The total score ranges from 0 to 35 points, and a higher score indicates better cognitive
function. In this analysis, cognitive function (TICS-m scores) was treated as a time-varying
outcome variable.

2.2.2. DM and Complete TL—DM status (Yes/No) was based on the respondent’s
answer to the question, “Since the last interview, has a doctor told you that you have diabetes
or high blood sugar?” Complete TL (Yes/No) was based on the response to the question,
“Have you lost all of your upper and lower natural permanent teeth?”
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We grouped respondents based on their self-reported DM and complete TL exposure status,
1.e., Group 1 with neither condition, Group 2 with DM alone, Group 3 with complete TL
alone, and Group 4 with both DM and complete TL. We treated this grouping variable

as a time-varying independent variable. That is, during the study period 2006-2018, if a
respondent’s status changed, /.., they lost all their teeth and/or were told by a doctor that
they had DM after the last HRS survey, their grouping was re-classified accordingly. A total
of 1,090 respondents experienced a change in status in the study period.

2.2.3. Covariates—Covariates were selected according to prior literature on factors that
influence cognitive performance among older adults [27, 28]. These covariates included
demographics, socioeconomic status, health status, and health behaviors. Demographic
variables included age group (65-74, 75-84, and 85+), sex, race/ethnicity (non-Hispanic
White, non-Hispanic Black, Hispanics, and others). Socioeconomic status variables included
years of education, total annual household income, private insurance coverage, and marital
status (married and unmarried). Health status was measured by the self-reported history of
chronic diseases, which included high blood pressure, cancer (except non-malignant skin
cancer), heart disease (heart attack, coronary heart disease, angina, congestive heart failure,
or other heart problems), and stroke, all were binary variables; body mass index (BMI)
(underweight [< 18.5], normal weight [18.5-24.9], overweight [25-29.9], and obese [> 30]),
difficulty in Activities of Daily Living (ADL) (range=0-5), including bathing, dressing,
transferring, toileting, and eating. Last, health behavior variables included regular physical
exercise (whether doing vigorous activities at least once per week or more frequent) and
being a current smoker. All covariates except for race/ethnicity, sex, and years of education
were measured as time-varying variables.

2.3. Analytical Approach

First, characteristics of respondents at baseline (7.¢., 2006 for 6,151 respondents or 2012 for
1,654 respondents) were assessed by DM and complete TL status. Appropriate statistical
tests (ANOVA test or Chi-square test) with sampling weights were used for descriptive
analysis, and the complex survey design of HRS was accounted for. Second, we conducted
longitudinal analyses to estimate the effects of the exposure (the grouping variable by DM
and complete TL status) on cognitive function adjusting for covariates, using random-effects
(RE) models with respondent level random intercept. Stratified analyses by sex were also
conducted. The RE models accounted for both within- and between-individual variations,
and the generalized least squares random effects estimators were estimated. Third, we
conducted sensitivity analyses to assess the effects of changes in DM and/or TL status with
relative changes in cognitive function using fixed effects (FE) models for the same analytical
sample. The FE models only considered within-individual variation but could eliminate the
effects by time-invariant unobserved factors not included in the model; thus, it provided a
more robust estimation of the effects of interests. Data analyses were conducted using Stata
17 MP (S-tataCorp, College Station, TX).
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3. RESULTS

3.1.

3.2.

Descriptive Statistics

Table 1 provides descriptive statistics of respondents by DM and complete TL status at
baseline. Out of 7,805 respondents included, 67.2% (N = 5,176) had neither DM or complete
TL, 16.3% (N = 1,255) had DM alone, 12.6% (N = 1,038) had complete TL alone, and

3.9% (N = 336) had both conditions. Their weighted mean cognitive scores were 23.7
(standard deviation [SD] = 0.07), 22.6 (SD = 0.15), 21.9 (SD =0.17), and 20.4 (SD = 0.27),
respectively.

Overall, non-Hispanic Blacks, Hispanics, and respondents with lower levels of income and
fewer years of education were more likely to have both conditions; respondents covered by
private insurance were less likely to have both conditions (all p < .001); respondents who
needed more assistance in ADLs, had hypertension, heart disease, and stroke, and who were
current smokers and obese were more likely to have both conditions (all p <.001).

Random-effect Model Results

The unadjusted RE model (Model 1a) results showed that in comparison with respondents
without either condition, those with both conditions (b = —3.94, 95% CI: -4.31, -3.57), with
complete TL alone (b = -2.41, 95% CI: —-2.66, —2.16), and with DM alone (b = -1.36, 95%
Cl: -1.57, -1.16), had lower cognitive scores (Table 2).

The adjusted RE model (Model 1b) showed that in comparison with those without either
condition, respondents with both conditions (b = -1.35, 95% CI: —-1.68, —1.02), with
complete TL alone (b = -0.67, 95% CI: —-0.88, —0.45), and with DM alone (b = -0.40,
95% CI: -0.59, —0.22), had lower cognitive scores. In addition, comparisons between the
group with both conditions and the groups with either condition alone, and the group
with DM alone vs. the group with complete TL alone, showed that respondents with both
conditions had lower cognitive scores than did respondents with DM alone (p < .001)

or with complete TL alone (p = .001, p-values adjusted for multiple comparisons using
Bonferroni correction); the difference was not significant between respondents with DM
alone and with complete TL alone.

When considering the impact of specific covariates, respondents aged 75 and older had
lower cognitive scores than those aged 65-74 years (p < .001). Respondents who were
females, were racial/ethnic minorities, were married, and had better socioeconomic status
(higher income, more years of education, covered by private health insurance) had higher
cognitive scores than their counterparts (all p <.001). Respondents who were overweight or
obese also had higher cognitive scores than those normal (p < .001), while those who were
underweight had lower cognitive scores (p < .01). Respondents who needed more assistance
in ADLs had lower cognitive scores (p < .001), while those who regularly exercised or
worked out had higher cognitive scores (p < .001). Respondents with hypertension (p <.05)
and with stroke (p < .001) had lower cognitive scores.
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3.3. Sex Stratified Random-effects Models Results

In the sex-stratified analyses (Table 2), we also employed unadjusted (Model 2a and Model
3a) and adjusted analyses (Model 2b and Model 3b) for males and females separately. For
brevity, only adjusted model results are presented here. First, in females, compared with
those without either condition, female respondents with both conditions (b = —1.37, 95%
Cl: -1.81, —0.92), with complete TL alone (b = -0.52, 95% CI: —-0.80, —0.23), and with
DM alone (b = -0.58, 95% CI: -0.83, —0.32), had lower cognitive scores. In addition,
female respondents with both conditions had lower cognitive scores than did respondents
with DM alone (p = .006, p-values adjusted for multiple comparisons using Bonferroni
correction) or with complete TL alone (p = .003); the difference in cognitive scores was not
significant between female respondents with DM alone and with complete TL alone (Model
2b). Second, in males, in comparison with those without either condition, male respondents
with both conditions (b = -1.29, 95% CI: -1.80, —0.79), and those with complete TL alone
(b =-0.91, 95% CI: -1.23, —0.58), had lower cognitive scores. But in contrast to the
results for females presented above, no significant difference in cognitive scores was found
between males with diabetes alone and those without either condition (Model 3b). Having
both conditions had a greater impact than having DM alone (p < .001), but not than having
complete TL alone. The results of other covariates are similar in females and males overall
(Table 2).

3.4. Cognitive Decline among Respondents with Changes in DM and/or Complete TL

We conducted further analyses using Fixed-effects (FE) models to examine the effects of
condition changes (e.g., from having neither condition to having both conditions, from one
condition alone to having both conditions) using the sample analytical sample. The FE
models controlling for all covariates were further used to estimate the predicted cognitive
scores in 2006, 2012, and 2018. Figs. (1 and 2) present predicted cognitive scores of
respondents at baseline and follow-up. In both figures, we only include two person-year
observations for each respondent to ensure the same secular duration (7.e., 6 years) in
cognitive score change (/.e., respondents participated in 2006 and 2012 or participated in
2012 and 2018). As shown in (Fig. 1), respondents who changed from Group 1 (neither
condition) to Group 4 (both conditions) had the largest decline of 2.49 points (from 22.45 to
19.96, numbers not presented), followed by those who changed from Group 2 (DM alone)
to Group 4 with a decline of 2.31 points (from 21.95 to 19.64), those who changed from
Group 3 (complete TL alone) to Group 4 with a decline of 2.00 points (from 21.91 to 19.91),
those who changed from Group 1 (neither condition) to Group 3 (complete TL alone) with
a decline of 1.75 (from 22.34 to 20.59), and those who changed from Group 1 (neither
condition) to Group 2 (DM alone) having a decline of 1.44 (from 22.96 to 21.52). An
ANOVA test showed a significant difference in cognitive declines among these groups (p <
.001).

As a comparison with (Fig. 1), we also estimated the change in predicted cognitive scores
for respondents whose DM and/or tooth loss status did not change in 6 years (e.g., from
2006 to 2012, or from 2012 to 2018) (Fig. 2). As shown, respondents with neither condition
or DM alone had a smaller decline in cognitive scores, a decline of 1.15 points (from 22.86
to 21.71) and a decline of 1.15 points (from 22.50 to 21.35), respectively; whereas those
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with complete TL alone or both conditions had a larger decline, a decline of 1.34 (from
21.66 to 20.32) and a decline of 1.36 (from 21.07 to 19.71). An ANOVA test showed a
significant difference in changes in cognitive scores among them (p < .001).

As a comparison with (Fig. 1), we also estimated the change in predicted cognitive scores
for respondents whose DM and/or tooth loss status did not change in 6 years (e.g., from
2006 to 2012, or from 2012 to 2018) (Fig. 2). As shown, respondents with neither condition
or DM alone had a smaller decline in cognitive scores, a decline of 1.15 points (from 22.86
to 21.71) and a decline of 1.15 points (from 22.50 to 21.35), respectively; whereas those
with complete TL alone or both conditions had a larger decline, a decline of 1.34 (from
21.66 to 20.32) and a decline of 1.36 (from 21.07 to 19.71). An ANOVA test showed a
significant difference in changes in cognitive scores among them (p < 1).

4. DISCUSSION

This cohort study investigated the effects of the co-occurrence of DM and complete TL on
cognitive function using data from the HRS, a large population-based sample of adults in the
US. We found that the co-occurrence of both DM and complete TL posed an additive risk
for cognitive health.

Our first hypothesis was supported among females but not in males. The results showed that
older female adults with both DM and complete TL had lower cognitive scores than those
without either condition; they also had lower cognitive scores than those with DM alone or
complete TL alone. The results obtained from the male sample were slightly different; older
male adults with both DM and complete TL had lower cognitive scores than those without
either condition, but they did not have lower cognitive scores than those with complete TL
alone.

The second hypothesis was also fully supported in females but was partially supported in
males. We found that female adults with either one condition had lower cognitive function
than those without any of the two conditions. Whereas in males, compared to those with
neither condition, those having complete TL alone had lower cognitive scores, but those
having DM alone did not.

Overall, our study results are similar by sex. One major difference is the relationship
between having diabetes alone and cognitive scores. One possible explanation is that the
prevalence of heart disease (38.1% vs. 28.1%) and stroke (10.1% vs. 7.8%) was higher in
males than in females in the study sample (data not shown). As such, the presence of these
dementia risk factors in males may render diabetes insignificant, as we observed in this
study. Given that very limited research has been conducted in this area, future research is
needed to further examine the sex differences in these relationships.

Because of the small number of respondents who experienced a status change in both

DM and complete TL during the study period, we did not present sex-stratified figures

in assessing the changes in cognitive scores with respect to the DM and/or complete TL
changes during the study period. Overall, in the whole sample, those who had no condition
at baseline and developed both experienced the most cognitive decline. These findings
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indicate that the adverse effects of having both conditions on cognitive function are larger
than having one condition alone. Thus, our study provides evidence that having both DM
and complete TL has an additive risk on cognitive function.

Our study showed edentulism to be a significant risk factor for poorer cognitive performance
for both males and females. Overall, results from the whole sample show that, controlling
for other covariates, older adults with complete TL alone had a 0.67-unit lower cognitive
score (95% CI: —0.88, —0.45). Our findings are consistent with most existing literature

that fewer teeth are a risk factor for poorer cognitive function [29-33]. For instance, data
from the Atherosclerosis Risk in Communities study showed complete edentulism to be
associated with lower cognitive scores in adults aged 52-75 [34].

Fewer teeth, a commonly used indicator for poor oral health, affect food choice and
nutritional status [35]. Tooth loss is associated with poor masticatory function and it may
affect stimulation of the central nervous system [36, 37]. Limited masticatory force and
chewing capacity are associated with impaired cognitive function [38]. Prior research has
found that individuals with suboptimal dentition (<20 teeth) had a 20% higher risk of
developing cognitive decline and dementia than those with optimal dentition (=20 teeth)
[8]. A most recent systematic review found that each additional tooth loss was associated
with a 1.41% increase in the risk of cognitive impairment. Edentulous persons faced a 1.57
times higher risk of cognitive impairment and a 1.44 times higher risk of dementia [39].

It should be noted that periodontal disease is the leading cause of tooth loss in adults,

and periodontal disease signifies long-term exposure to inflammation [29]. In our sample,
17.60% of respondents were edentulous at baseline and 23.87% of them were edentulous
throughout the study period. Community education to maintain good oral health is needed;
restorative dental care (e.g., use of denture) may potentially improve nutrition intake and
mastication, which may help improve cognitive function [37, 40]. Some evidence also
suggests a bi-directional relationship between oral health and cognitive health [41, 42]. Poor
cognitive health may also affect oral health because persons with cognitive impairment may
be less able to maintain good oral hygiene [13].

Results of other covariates are consistent with prior findings [2]. In this study, both
obesity and overweight were associated with better cognitive scores in comparison with
underweight. Underweight may reflect a decrease in muscle mass or a decrease in fat, and
research has shown muscle loss and poor nutritional status to be associated with cognitive
decline [43, 44].

While most prior research has found obesity to be associated with a greater decline of
cognitive function and dementia, the association is age-related [45-48], other research has
shown that obesity may be a protective factor for cognitive function while controlling for
other key factors [49]; still, further research has found that cognition and BMI are not
linearly correlated, and only severe obesity is associated with worse cognition [50]. The
relationship between body weight and cognitive function is complex and more research is
needed.
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There are several limitations to this study. All the information used was based on self-report,
which may be subject to reporting bias. In addition, the measure of oral health was limited.
It would have been preferable to have other measurements of oral health, such as the number
and condition of teeth present, as well as the exact year that the respondents lost all of

their teeth, but this information was not collected in HRS. Additionally, data on whether the
respondents used dentures were not available. Detailed medication data were not available in
the dataset. The strengths of this study include the panel study design the large sample size,
generalizability, and representation of the U.S. population. Data for all respondents (/.¢.,
cognitive scores) were obtained from at least two time points. The panel structure of HRS
and a follow-up of up to 12 years could ensure a more valid estimation of the relationship
between DM/TL and cognitive decline.

CONCLUSION

FUNDING

In our study, the co-occurrence of DM and complete TL was found to have an additive effect
on cognitive function among older adults in the U.S. Clinicians and family members should
pay close attention to the cognitive health of patients with both DM and tooth loss. For

these patients, early screening for dementia may be necessary so care plans can be made to
slow down the progression of the disease. Continuous efforts and policy changes are needed
to improve older adults’ access to restorative dental care and promote good dental hygiene
behaviors, especially for patients with diabetes.

This study was supported by a grant from the National Institutes of Health and the National Institute on Aging
(grant number 1R56AG067619-0).
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Neither -> DM Only

Neither -> Edentulism Only :I:l
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Edentulism Only -= Both

Neither -> Both
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0 Baseline 1 Follow-up

Data: HRS 2006, 2012, 2018 (N = 848, Obs = 1,696)

Fig. (1).
Cogpnitive score changes associated with status changes in DM and/or complete TL.

(Number of respondents in each category, from top to bottom: 366, 266, 89, 107, and 20).

Curr Alzheimer Res. Author manuscript; available in PMC 2022 February 03.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Luo et al. Page 14

Neither

DM Only

Edentulism Only

10 15 20 25
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Data: HRS 2006, 2012, 2018 (N = 6,908, Obs = 13,816)

Fig. (2).
Cogpnitive score changes for respondents without status change in DM and/or complete TL.

(Numbers of respondents in each category, from top to bottom: 4,486, 1,121, 915, and 336).
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