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Purpose: Chewing problems are associated with increased mortality, geriatric syndromes and poor activities of daily living. Starting
in 2018, in Japan, a self-reported questionnaire investigating chewing status was implemented in the annual health checkup program.
Considering the bidirectional association between hyperglycemia and poor oral health, it is hypothesized that people with self-reported
chewing problems will have relatively poor glycemic profiles. We investigated the metabolic characteristics of elderly community
dwellers with self-reported chewing problems, as well as the association between the problems and HbAlc levels.

Patients and Methods: This was a retrospective, cross-sectional study. We reviewed the data of 1018 adults > 65 years of age who
had undergone an annual health checkup at Nihon University Hospital during the period from January 2019 through December 2019.
The presence of chewing problems was investigated using a self-reported questionnaire constructed based on guidance provided by the
Japanese government.

Results: In the 1018 participants, the overall prevalence of chewing problems was 10.4%. Participants with chewing problems showed
significantly higher levels and worse categories of HbA1c than those without such problems (HbAlc < 6.0%, 42.5% vs 54.8%; HbAlc
6.0-6.9%, 41.5% vs 37.0%; HbAlc > 7.0%, 16.0% vs 8.2%, p = 0.008). Participants with HbAlc > 7.0% have a significantly
increased risk of chewing problems as compared to those with HbAlc < 6.0% (odds ratio 2.76, p = 0.002), even after adjusting for the
effects of age, sex, body mass index, eating behaviors, and history of diabetes mellitus.

Conclusion: HbAlc > 7.0% is associated with self-reported chewing problems in elderly Japanese community-dwellers. We thus
recommend a proactive assessment of oral conditions for this population.
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Introduction
Oral health is known to be associated with systemic health. Previous studies demonstrated close relationships between
poor oral health and increased mortality, cardiovascular disease, respiratory disease, and metabolic disorders including
diabetes mellitus (DM).'”> In elderly individuals, mastication plays an important role in health maintenance, because
masticatory dysfunction is linked not only to the mortality rate, but also to geriatric syndromes such as sarcopenia,
cognitive decline, osteoporosis, undernutrition, and impaired activities of daily living.®'' Additionally, masticatory
dysfunction is closely associated with impaired subjective quality of mastication performance.'?

Aging is an important risk factor for insulin resistance and beta-cell dysfunction, both of which lead to hyperglyce-
mia. Japan is now confronted with a super-aged society, and the number of patients with DM living in Japan has been

steadily growing due to rapid population aging.'®> Hyperglycemia interacts with poor oral health, and previous studies
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found that a poor glycemic profile increases the incidences of periodontitis and tooth loss.>'* ' Considering the negative
consequences of poor oral health and the growth of the elderly population, the impact of hyperglycemia on the oral
conditions of older individuals is an important health issue in Japan.

Formerly, oral health screening for adults was not performed universally in Japan. However, starting in 2018, a self-
reported questionnaire investigating chewing status was included in the annual health checkup program in accordance
with guidance provided by the Ministry of Health, Labor and Welfare, Japan. In another country, a recent study
confirmed self-reported chewing status to correlate with oral health condition in the elderly population.'” While
evaluation and detection of chewing problems by an oral health care provider is considered to be the best approach in
individualized practice, it requires significant human and equipment resources to examine large populations, such that
surveillance using a questionnaire has advantages in terms of time and costs in universal screening. Accumulating
information about the population with chewing problems identified by this system is important for enhancing collabora-
tion between the medical and dental fields and providing appropriate guidance for people participating in the health
checkup program. However, little is known about the clinical characteristics of the Japanese population with self-reported
chewing problems.

Since there is a close association between hyperglycemia and poor oral health, we hypothesized that elderly
individuals with chewing problems identified by a self-reported questionnaire have poorer glycemic profiles than those
without such problems. We aimed to investigate the metabolic characteristics of the elderly Japanese population with
self-reported chewing problems, as well as the association between these problems and HbAlc levels.

Materials and Methods
Study Design and Settings

This was a retrospective, cross-sectional study. Participants who had undergone an annual health checkup between
January 2019 and December 2019 at Nihon University Hospital were potentially eligible. The exclusion criteria were as
follows: age < 65 years; incomplete responses to the self-reported questionnaire; missing data for plasma glucose (PG) or
HbAlc. After applying these exclusion criteria, participants were classified into two groups according to the presence or
absence of a chewing problem using a paper-based self-reported questionnaire, as shown in Supplementary Table 1.

In this study, statistical sample size calculation was not performed because prior research on this topic is scarce and
the effect size remains unknown. We determined the participant selection procedure prior to initiating the study and this
was not changed during the study course.

Studied Parameters

Age, sex, height, and weight were recorded. Body mass index (BMI) was determined by dividing the body weight by the
height squared (kg/m?). Blood pressure was measured twice in the sitting position, and an average value was used. Using
the aforementioned paper-based self-reported questionnaires, eating behaviors were surveyed because chewing and
eating are connected. Similarly, smoking status was investigated, because smoking exerts an adverse influence on oral
health."® Prior diagnoses and medication use were also collected. In this study, participants with a history of DM or anti-
diabetic agent use were considered to have DM; Participants with a history of hypertension or anti-hypertensive agent use
were considered to have hypertension; Participants with a history of dyslipidemia, or taking an anti-dyslipidemic agent,
were considered to have dyslipidemia.

Venous blood samples were collected early in the morning after an overnight fast, and immediately examined. Whole
blood was used for measuring HbAlc. Glucose concentrations were determined using blood plasma. High-density
lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), and triglyceride (TG) concentrations
were measured using blood serum. HbAlc levels were classified into 3 categories as follows; Good, HbAlc < 6.0; Fair,
HbAlc 6.0-6.9%; Poor, HbAlc > 7.0%, according to the latest Japanese clinical practice guideline.'”
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Statistical Analysis

First, we compared metabolic characteristics and lifestyle behaviors between participants with and those without chewing
problems. Continuous variables following a normal distribution were reported as means + standard deviations and the two groups
were compared using Student’s #-test. Continuous variables with skewed distributions were reported as medians with interquartile
ranges and compared using the Mann—Whitney U-test. Categorical variables were examined using the chi-squared test.

Next, we carried out binary logistic regression analyses to determine the association between the HbAlc level and
chewing problems. Eating behaviors collected using a self-reported questionnaire were also included in the analyses,
adjusting for possible confounding effects. Eating behaviors influence oral health. The number of remaining teeth can
also affect dietary patterns in older individuals.?’ Furthermore, the association between eating behaviors and poor
glycemic profile was previously reported.”' Therefore, the association between having a chewing problem and HbAlc
categories was examined with adjustment for age (per year), sex (0, female; 1, male), BMI (per kg/m?), smoking (0, no;
1, yes), eating fast (0, no; 1, yes), eating dinner late (0, no; 1, yes), snack/sweet beverage consumption (0, no; 1, yes),
skipping breakfast (0, no; 1, yes), and DM history (0, no; 1, yes).

For all statistical analyses, we used EZR version 1.54 (Saitama Medical Center, Jichi Medical University, Saitama,
Japan), which is a graphical user interface for R version 4.04 (The R Foundation for Statistical Computing, Vienna,
Austria). Throughout, a p-value < 0.05 was considered to indicate a statistically significant association.

Results

Prevalence of Chewing Problems

Figure 1 shows the participant selection procedure. In total, 11,633 participants underwent health checkups during the study
period, and 10,615 were excluded based on age. After application of the exclusion criteria, 1018 elderly participants were
enrolled. Of these, 10.4% (106 of the 1018 participants) reported a chewing problem, while the others did not.

Comparisons of Participant Characteristics

Comparisons of background and metabolic characteristics between subjects with and without chewing problems are
shown in Table 1. There was no significant difference in age, sex, or BMI between the two groups. History of
hypertension and dyslipidemia, blood pressure, and lipid panels did not differ between the two groups. Participants
with chewing problems had significantly higher HbAlc levels and were more frequently classified into worse HbAlc
categories (HbAlc < 6.0%, 42.5% vs 54.8%; HbAlc 6.0-6.9%, 41.5% vs 37.0%; HbAlc > 7.0%, 16.0% vs 8.2%, p =
0.008), in comparison to those without chewing problems. PG tended to be higher in participants with chewing problems,
but the difference did not reach statistical significance.

[ Assessed for eligibility (n = 11,633) |

Excluded based on criteria

1. Age <65 years old (n = 10,615).

2. Incomplete responses to self-report questionnaire (none).

3. Missing data of plasma glucose or glycated hemoglobin data (none).

A 4

A 4
Enrolled participants (n = 1,018) |

A 4 A 4
Participants with chewing problem Participants without chewing problem
(n=106) (n=912)
Figure | Participant selection procedure.
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Table | Comparisons of Metabolic Characteristics Between Participants with and without Chewing Problems

Variables With Chewing Problem(s) n = 106 | Without Chewing Problem(s) n =912 p-value
Age (years old) 68 [66, 71] 68 [66, 71] 0.68
Male (n, %) 79 (74.5%) 649 (71.2%) 0.54
BMI (kg/m?) 235+ 3.1 233 £33 0.50
Hypertension history (n, %) 24 (22.6%) 162 (27.8%) 0.27
Systolic blood pressure (mmHg) 1219 £ 144 120.2 + 14.1 0.24
Diastolic blood pressure (mmHg) 78.0 £ 105 769 + 11.2 0.33
Dyslipidemia history (n, %) 14 (13.2%) 111 (12.2%) 0.88
HDL-C (mg/dL) 60.0 [50.3, 73.5] 60.0 [51.0, 72.0] 0.75
LDL-C (mg/dL) 115.3 + 283 116.4 + 284 0.72
TG (mg/dL) 94.0 [72.3, 127.5] 89.0 [67.0, 123.3] 0.32
DM history (n, %) 9 (8.5%) 65 (7.1%) 0.75
Anti-diabetic agent use (n, %) 6 (5.7%) 56 (6.1%) |
PG (mg/dL) 103.5 [97.0, 118.8] 101.0 [96.0, 112.3] 0.097
HbAlc (%) 6.0 [5.7, 6.3] 5.9[57, 62] 0.021
HbA I c categories 0.008

Good, HbAlc < 6.0 (n, %) 45 (42.5%) 500 (54.8%)

Fair, HbAlc 6.0-6.9% (n, %) 44 (41.5%) 337 (37.0%)

Poor, HbAlc = 7.0% (n, %) 17 (16.0%) 75 (8.2%)

Notes: Data are presented as the mean * standard deviation, the median [interquartile range], or as a number with a percentage.
Abbreviations: BMI, Body mass index; DM, Diabetes mellitus; HbAlc, Glycated hemoglobin; HDL-C, High-density lipoprotein cholesterol; LDL-C, Low-density
lipoprotein cholesterol; PG, Plasma glucose; TG, Triglyceride.

Table 2 Comparisons of Lifestyle Behaviors Between Participants with and without Chewing Problem(s)

Variables With Chewing Problem(s) n = 106 | Without Chewing Problem(s) n = 912 p-value
Smoking (n, %) 25 (23.6%) 126 (13.8%) 0.011
Eating fast (n, %) 32 (30.2%) 362 (39.7%) 0.072
Eating dinner late (n, %) 46 (43.4%) 304 (33.3%) 0.05
Snack/sweet beverage consumption (n, %) 25 (23.6%) 162 (17.8%) 0.18
Skipping breakfast (n, %) 24 (22.6%) 190 (20.8%) 0.76

Note: Data are presented as a number with a percentage.

Table 2 shows comparisons of lifestyle behaviors. Participants with were more likely than those without chewing
problems to be smokers (23.6% vs 13.8%, p = 0.011). Fast eating tended to be less common (30.2% vs 39.7%, p = 0.072)
while having dinner late in the evening tended to be more common (43.4% vs 33.3%, p = 0.050) in participants with than

in those without chewing problems, although these differences did not reach statistical significance.
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Independent variables OR [95%CI] p-value
HbA1c < 6.0% Reference J)
HbA1c 6.0-6.9% 1.44[0.93-2.25]  0.10 ——
HbA1c27.0% 2.76[1.46-5.24] 0.002 _—
Age 1.00[0.95-1.05]  0.96
Male 1.13[0.71-1.82] 0.60 — T
Smoking  1.55[1.19-2.01] < 0.001 ——
Eating fast 0.59[0.38-0.92]  0.021 —_—
Eating dinner late  1.57 [1.02-2.42]  0.041 ——
Snack/sweet beverage  1.61[0.98-2.64] 0.061 —
Skipping breakfast 0.95 [0.57-1.57] 0.84 —_—
DM history  0.93[0.43-2.01]  0.84
0.25 0.5 1 2 4 8

Figure 2 Multivariate logistic regression analysis. Adjusted OR (blank square) with 95% CI (horizontal bar) in the multivariate model is presented.
Notes: Cl, Confidence interval; DM, Diabetes mellitus; HbAlc, Glycated hemoglobin; OR, Odds ratio.

Comparisons of Participant Characteristics

Figure 2 summarizes the results of binary logistic regression analysis using the chewing problem as the dependent variable. In
our multivariate model, we found a high HbAlc level (> 7%) to be significantly associated with an increased risk of chewing
problems (odds ratio [OR] 2.76, 95% confidence interval [CI] 1.46-5.24, p = 0.002), and even moderately elevated HbAlc
(6.0-6.9%) tended to be related to an increased risk though the association failed to reach statistical significance. Additionally,
we found significant associations of smoking status (OR 1.55, 95% CI 1.02-2.01, p < 0.001), eating fast (OR 0.59, 95% CI
0.38-0.92, p = 0.021) and eating dinner late (OR 1.57, 95% CI 1.02-2.42, p = 0.041) with self-reported chewing problems.

Discussion

We conducted this cross-sectional study to investigate the metabolic characteristics of the elderly Japanese population
with self-reported chewing problems identified by the newly implemented health checkup system, and to identify the
associations between these problems and HbAlc levels. We found that 10.4% of the elderly population receiving an
annual health checkup reported chewing problems, and individuals with chewing problems showed slightly, but with
statistical significance, higher HbAlc levels than those without such problems. Additionally, we confirmed HbAlc >
7.0% to be significantly associated with an increased risk of self-reported chewing problems even after adjustment for the
effects of lifestyle behaviors and DM history.

The relationship between DM and poor oral health appeared to be bidirectional in previous studies.”'*'® Although
the underlying mechanism serving as the link between these two features is not fully understood, several pathologies are
possible. In DM patients, increased salivary glucose and immunosuppression facilitate bacterial growth which in turn
leads to the development of dental caries, and small-vessel damage delays tissue healing in the oral cavity.?
Additionally, RANKL and local inflammatory cytokines are increased, leading to excessive osteoclast activation, and
these result in impairment of new bone formation in the periodontium.** Conversely, infected periodontium can become
a source of systemic inflammatory cytokines involving insulin resistance and pancreatic beta-cell impairment.*

Despite this close bidirectional relationship, few studies have focused on the association of self-reported oral health with
the glycemic profile. In the Canadian population, adults > 40 years of age with DM who reported having poor or fair oral
health had an increased incidence of DM complications as compared to those who described their oral health as being good,
very good, or excellent.”® Additionally, histories of DM and smoking habits are reportedly associated with poor self-reported
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oral status in Qatari adults 1864 years of age.”* Although evidence confirming these observations is as yet limited, our study
results support the speculation that the glycemic profile is associated with self-rated oral conditions.

Since this study was cross-sectional, the etiology of the relationship between chewing problems and the glycemic
profile remains unclear. However, previous studies have demonstrated possible underlying mechanisms. First, altered
postprandial hormone secretions in response to thorough mastication have been recognized. In healthy Japanese adult
males, an increasing number of chews surrounding white rice consumption was reported to enhance the early-phase
insulin response, which in turn decreased the postprandial glucose concentration.”® It was also reported that an increasing
number of chews before swallowing reduced postprandial ghrelin levels and energy intake, and increased postprandial
glucagon-like peptide-1 levels in healthy Chinese young-adult males.® Therefore, thorough mastication depending on
healthy chewing status may improve the glycemic profile. The second possible reason involves impaired oral health
arising as a result of high glucose status. A previous meta-analysis of prospective longitudinal studies showed DM to
increase the risk of periodontitis progression.'* The incidence of tooth loss was also reported to be higher in DM patients
than in those without DM."> Furthermore, a longitudinal study showed that the risk of caries progression accelerates in
proportion to the HbAlc level, and that the rate of missing tooth surface increased faster in individuals with DM, even
when they achieved HbAlc < 7.0%, than in those without DM.>’ A worsening glycemic profile contributes to
deterioration of oral health, thereby possibly resulting in a higher frequency of complaints of chewing problems.

In the present study, we also found behaviors such as smoking, eating fast, and having dinner late in the evening to
be associated with the self-reported chewing problems. An increased risk of such problems due to habitual smoking,
also shown in this study, is apparently consistent with previous evidence demonstrating that smoking impairs oral
health and increases the risks of periodontal disease, dental caries, tooth loss, oral cancer, and leukoplakia.18 The
reduced risk of chewing problems in individuals with the fast-eating behavior was thought to reflect reverse causation;
that is, people who have chewing problems cannot chew foods smoothly, hence needing longer times to consume
a meal than those without such problems. Based on previous studies, the habit of eating dinner late is also assumed to
contribute to chewing problems. While saliva exerts a protective effect on teeth and the oral mucosa, thereby
preventing physical and chemical damage, the salivary flow rate shows circadian oscillation and is substantially
decreased at night.”® Since salivary flow rate reduction results in susceptibility to dental caries due to prolonged
retention of sugar in the mouth, habitually eating dinner late is potentially harmful to oral health. Indeed, awakening at
midnight to eat was reported to be associated with an increased incidence of tooth loss in Danish adults.?* Another
prior study revealed an association between late dinner time and an increased number of dental caries in Japanese
children.*® These observations indicate that the habit of eating dinner late has a harmful influence on oral health and
may contribute to the presence of chewing problems at advanced ages.

This cross-sectional study showed that elderly Japanese community dwellers with chewing problems identified
employing a self-reported questionnaire, incorporated into the health checkup system, had poorer glycemic profiles
than those without such problems. However, the present study has limitations because of the design used. First, while
dental treatment history and denture use can affect chewing status, information relevant to these items was not available
because they were not included in the annual health checkup system. Second, this study recruited only participants who
had undergone an annual health checkup at Nihon University Hospital located at Chiyoda-ku, Tokyo, which is the most
urbanized area in Japan. Since there are regional differences in dental care in Japan, the generalizability of our study
results must be validated in other regions.*’ Third, the study results suggested a dose-dependent association between
HbAlc and self-reported chewing problems, but the increased risk in individuals with HbAlc levels of 6.0-6.9% failed
to reach statistical significance, showing only a trend, possibly due to the relatively small sample size. Finally, objective
oral health assessments were not performed in this study. Although the subjective quality of mastication performance was
reported to reflect objective mastication function, the diagnostic accuracy of the self-reported questionnaire used in Japan
to assess functional chewing problems needs to be validated.'? Future prospective longitudinal studies must be designed
to address these limitations and clarify the causal relationship between the glycemic profile and chewing problems.
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Conclusion

The present study confirms the association between HbAlc > 7.0% and self-reported chewing problems in elderly
Japanese community-dwellers. Elderly patients with HbAlc > 7.0% are frequently encountered in clinical settings.
Physicians should consider underlying chewing problems and perform a proactive assessment of oral conditions in this
population.
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BMI, Body mass index; CI, Confidence interval; DM, Diabetes mellitus; HbAlc, Glycated hemoglobin; HDL-C, High-
density lipoprotein cholesterol; LDL-C, Low-density lipoprotein cholesterol; OR, Odds ratio; PG, Plasma glucose; TG,
Triglyceride.
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