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This study aimed to estimate the risk of mortality related to the number of missing teeth in a South Korean population. The ≥ 40-year-old population of the Korean National Health Insurance Service-Health Screening Cohort 2002–2003 was analyzed. Participants were selected from a total of 220,189 participants and included in groups of 0 teeth lost, 1–2 teeth lost, and ≥ 3 teeth lost. Among the total population, 17,211 participants were included in no missing teeth, 1–2 missing teeth, and ≥ 3 missing teeth and were randomly matched 1:1:1 for age and sex. Mortality from specific causes and all-cause mortality were compared among the groups. The hazard ratio (HR) of the number of missing teeth for all-cause mortality or each cause of mortality was analyzed using Cox proportional hazard models. According to the cause of death, the HRs for metabolic disease, digestive disease, and trauma were greater in the group with ≥ 3 missing teeth than in the no missing teeth group. The group with ≥ 3 missing teeth indicated a 1.19-fold higher HR for all-cause mortality than the no missing teeth group [95% confidence intervals (95% CIs) = 1.12–1.27, P < 0.001]. The group with 1- 2 missing teeth did not show a higher HR for all-cause mortality. In the group with 1–2 missing teeth, the HRs for mortality from mental disease and digestive disease were higher than those in the no missing teeth group. The group with 1–2 missing teeth did not show a higher HR for all-cause mortality. The number of missing teeth was linked with a higher risk of mortality. For specific causes of mortality, mortality from metabolic disease, digestive disease, and trauma was higher in the participants with the number of missing teeth.
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INTRODUCTION

The prevalence of edentulism was estimated at 2.4% in the general population (1). The prevalence of tooth loss is increasing with aging (2). Tooth loss is related to many health-related problems (3). The physiological roles of teeth, such as mastication, speaking, and facial expressions, can be impaired when teeth are lost. Due to dysfunctions in mastication and conversations, nutritional intake and social activities can be hindered. In addition, a meta-analysis estimated the unfavorable quality of life in individuals with tooth loss, even in studies with participants with 21–24 teeth (3). These health problems and poor quality of life could increase morbidities in patients with tooth loss.

The number of missing teeth may influence the risk of morbidities in elderly individuals. Metabolic disease and digestive disease can be associated with the number of missing teeth due to impaired mastication and nutritional intake in participants with missing teeth. Having <20 teeth was connected with a greater risk of incidental falls (OR = 2.50, 95% CI = 1.21–5.17) and functional disability (OR = 1.21, 95% CI = 1.06–1.40) in elderly individuals (4, 5). Although there is no research on the association of the number of missing teeth with trauma, the increased risk of incidental falls and functional disability could increase the risk of trauma in participants with the number of missing teeth. In addition, having <20 teeth and masticatory dysfunction were connected with a greater risk of cognitive deficits in a meta-analysis (OR = 2.24, 95% 95% CI = 1.73–2.90) (6). Another meta-analysis demonstrated a 1.48 times greater risk of cognitive impairment (95% CI = 1.18–1.87) in individuals with missing teeth with a dose-response association according to the number of missing teeth from 4 to 32 teeth or 0 to 32 teeth (7, 8). A prospective cohort study estimated a 1.85 times greater risk of dementia in Japanese elderly individuals with few teeth (95% CI = 1.04–3.31) (9). Thus, it can be presumed that missing teeth could impair many aspects of daily life and impact mortality. Indeed, several researchers have suggested an increased mortality rate in individuals with missing teeth (10–12). However, most previous studies have focused on all-cause or cardiovascular and/or cancer-related mortality and have not considered various causes of mortality that are possibly affected by missing teeth. In addition, although many previous studies have examined the effects of a considerable number of missing teeth (<20 teeth remaining or edentation) on mortality, (1, 4, 5, 10–12) only a few prior studies have suggested the effects of a small number of missing teeth on morbidities (7, 8).

We hypothesized that the number of missing teeth, even if it is as small as 1–2, might be associated with a higher risk of mortality. The association of mortality with the number of missing teeth was hypothesized to be different according to the cause of death. To test these hypotheses, the mortality rates were analyzed according to the presence of the number of missing teeth. For secondary outcomes, the association of the number of missing teeth with mortality rates was analyzed according to the cause of death.



METHODS


Ethics

The Ethics Committee of Hallym University (2019-10-023) permitted the current study. Written informed consent was not required by the Institutional Review Board. All analyses conformed to the guidelines of the Ethics Committee of Hallym University.



Study Population and Participant Selection

The Korean National Health Insurance Service-Health Screening Cohort data were analyzed (13). Among a total of 514,866 participants with 615,488,428 medical claim codes, participants with missing teeth, including wisdom teeth, were chosen from the 220,189 participants with oral health examination data in 2002 or 2003 (group ≥ 3 missing teeth = 22,049; 1–2 missing teeth = 32,053; no missing teeth = 166,087). Participants with 2 or more morbidity diagnoses were excluded to attenuate the impacts of underlying morbidities on mortality in addition to missing teeth. In Korea, due to the national health insurance system, diagnostic codes can be initially registered before diagnostic examinations to reimburse medical costs. Thus, participants with 2 or more diagnostic codes were excluded. Participants who were diagnosed with cancer at least twice before the oral health examination date were excluded (a group with ≥ 3 missing teeth = 680; a group with 1–2 missing teeth = 905; a group with no missing teeth = 5,039). Participants who were diagnosed with dementia at least twice before the oral health examination date were excluded (a group with ≥ 3 missing teeth = 10; 1–2 missing teeth group = 10; no missing teeth group = 55). Participants who were diagnosed with cerebrovascular diseases at least twice before the oral health examination date were excluded (a group with ≥ 3 missing teeth = 664; a group with 1–2 missing teeth = 734; a group with no missing teeth = 3,794). Participants who were diagnosed with ischemic heart disease at least twice before the oral health examination date were excluded (a group with ≥ 3 missing teeth = 356; a group with 1–2 missing teeth = 324; a group with no missing teeth = 1,546). Participants who died within 30 days after the oral health examination date were excluded (a group with ≥ 3 missing teeth = 6; a group with 1–2 missing teeth = 1; a group with no missing teeth = 15) to minimize the mortality cases due to pre-existing morbidities that were not related to missing teeth. The date of the oral health examination was considered the index date (Figure 1). Participants in the group with ≥ 3 missing teeth, those in the group with 1–2 missing teeth, and those in the group with no missing teeth were 1:1:1 matched for age and sex. During the matching process, each group was randomly chosen from the total population. During the matching process, 3,122 participants in the group with ≥ 3 missing teeth, 12,868 participants in the group with 1–2 missing teeth, and 138,427 participants in the group with no missing teeth were excluded. Finally, 17, 211 participants in the group with ≥ 3 missing teeth, the group with 1–2 missing teeth, and the group with no missing teeth were matched 1:1:1 (Figure 2).


[image: Figure 1]
FIGURE 1. The participant selection and index date of exposure in the current study.
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FIGURE 2. Design of the current study. A total of 17,211 participants included in the groups of ≥ 3 missing teeth, 1–2 missing teeth, and no missing teeth were matched 1:1:1 for age and sex.




Exposure

The number of missing teeth at baseline (index date) was ascertained by dentists during an oral health examination. Participants were classified into the “≥3 missing teeth group” for the individuals with ≥ 3 missing teeth; “1–2 missing teeth group” for the individuals with 1–2 missing teeth; and “group with no missing teeth” for the individuals with 0 missing teeth. The distribution of the number of missing teeth among the total study participants is described in Supplementary Table 1.



Outcome

The outcomes were all-cause mortality, and each cause of mortality is from the Korean Standard Classification of Disease. The specific causes of mortality included infection, neoplasm, metabolic disease, mental disease, neurological disease, circulatory disease, respiratory disease, digestive disease, muscular disease, genitourinary disease, trauma, and other diseases. Each cause of mortality was categorized based on the ICD-10 codes. Cancer was selected as assigned codes of C00 to D49, based on the International Classification of Disease (ICD)-10 codes. Dementia was selected as assigned codes of G30 or F00, based on the ICD-10 codes. Cerebrovascular diseases were selected as assigned codes of I60 to I60, based on the ICD-10 codes. Ischemic heart diseases were selected as assigned codes of I20 to I25, based on the ICD-10 codes. The ICD-10 codes of all causes of mortality are listed in Supplementary Table 2.

The follow-up period was defined as the period from the index date to the date of mortality.



Covariates

Age groups were classified according to 5-year intervals. Five income groups were defined using health claims data (14). Urban and rural regions of residence were defined based on the administrative divisions (15). Tobacco smoking, alcohol consumption, and obesity using BMI (body mass index, kg/m2) were examined and categorized as never, past, and current smokers (16). Systolic blood pressure (BP), diastolic BP, fasting blood glucose (FBG), and total cholesterol levels were examined. Missing BMI [n = 5 (0.010%)], systolic blood pressure [n = 1 (0.002%)], diastolic blood pressure [n = 1 (0.002%)], fasting blood glucose [n = 17 (0.033%)], and total cholesterol [n = 21 (0.041%)] levels were substituted by the average of each variable from the study population.

Comorbidities were scored using the Charlson Comorbidity Index (CCI) (17). The CCI has been widely used to measure disease burden using the following 17 comorbidities: myocardial infarction, congestive heart failure, peripheral vascular disease, cerebrovascular disease, hemiplegia or paraplegia, dementia, chronic pulmonary disease, rheumatologic disease, peptic ulcer disease, diabetes without chronic complications, diabetes with chronic complications, renal disease, any malignancy, including leukemia and lymphoma, metastatic solid tumor, mild liver disease, moderate or severe liver disease, and acquired immunodeficiency syndrome (AIDS) (17).



Statistical Analyses

The chi-squared test for categorical variables (income level, region of residence, obesity, smoking status, alcohol consumption, and death) and ANOVA for continuous variables (systolic BP, diastolic BP, FBG, total cholesterol, and CCI score) were applied to the groups of those with ≥ 3 missing teeth, those with 1–2 missing teeth, and those with no missing teeth. The chi-squared test was applied to compare disease-specific mortality rates between groups of the number of missing teeth.

Cox proportional hazard models were applied to examine the hazard ratios (HRs) and 95% confidence intervals (CIs) for mortality in individuals with missing teeth. In this analysis, crude (simple) and adjusted (for age, sex, income, region, obesity, smoking status, alcohol consumption, systolic blood pressure, fasting blood glucose, total cholesterol, and CCI scores) models were used.

Kaplan–Meier analysis and the log-rank test were applied to examine the cumulative probability of mortality in the ≥ 3 missing teeth, 1–2 missing teeth, and no missing teeth groups.

The E-value was evaluated to assume the effects of unconsidered confounders (18–21). An E-value higher than the association of unconsidered possible confounders, with the exposure/outcome, indicated a valid relationship between tooth loss and the risk of mortality in this study.

Subgroup analyses were performed for age (< 55 years old and ≥ 55 years old), obesity (BMI of < 23 and BMI of ≥ 23), and blood pressure (SBP of < 140 mmHg vs. SBP of ≥ 140 mmHg) using the adjusted model.

Two-sided analyses were applied. The alpha level was set as 0.05, and a P-value less than the alpha level was considered to indicate a significant difference. Analyses were conducted with SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).




RESULT

The rates of age and sex were the same owing to matching, while the rates of the other variables were different (Table 1).


Table 1. General characteristics of participants.
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The incidence rate of all-cause mortality was 11.37, 8.48, and 9.23 per 1,000 person-year in the number of missing teeth ≥ 3, 1–2, and no missing teeth group (Table 2). The adjusted HR of mortality was 1.03 (95% CI = 0.96–1.10, P = 0.428) for the group with 1–2 missing teeth and 1.19 (95% CI = 1.12–1.27, P < 0.001) for the group with ≥ 3 missing teeth (Table 2). This was consistent with the Kaplan–Meier curve (Figure 3). Other primary outcomes of death are due to all-malignant neoplasm of digestive organs, all-malignant neoplasm of respiratory and intrathoracic organs, all-cerebrovascular diseases, and all-ischemic heart diseases, and secondary outcomes did not show an association with the number of tooth losses. The E-values of all-cause mortality were 1.21 for the group with 1–2 missing teeth and 1.67 for the group with ≥ 3 missing teeth (Supplementary Table 3).


Table 2. Association between the number of missing teeth, All-cause mortality, mortality of major diseases of death cause, and event of major diseases of death cause.
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FIGURE 3. The Kaplan–Meier curve of mortality according to the number of missing teeth.


In the subgroup analyses, the adjusted HR for the group with ≥ 3 missing teeth revealed statistical significance for each of the following subgroups: age of ≥ 55, BMI of < 23, BMI of ≥ 23, and high BP (each P < 0.05, Table 3). The interaction analyses demonstrated a significant interaction between the number of missing teeth and age, BMI, and SBP. On the other hand, the adjusted HR for the group with up to 2 teeth lost did not reach statistical significance in any subgroup.


Table 3. Association between the number of missing teeth with all-cause mortality in subgroups of age, obesity, and SBP.

[image: Table 3]

We displayed the mortality rate by each cause of death (Table 4 and Supplementary Table 4). The subdistribution HRs (SHRs) for mental disease and digestive disease were > 1 in the group with up to 2 teeth lost (Table 4). The SHRs for metabolic disease, digestive disease, trauma, and other diseases were > 1 in the group with ≥ 3 missing teeth. More detailed causes of death are described in Supplementary Table 2.


Table 4. Fine and Gray regression analysis in mortality between tooth loss 1 to 2 and tooth loss 0 groups and between tooth loss ≥ 3 and tooth loss 0 groups according to individual cause of death.
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DISCUSSION

Having ≥ 3 missing teeth was connected with greater mortality in the adult population. The positive connection between tooth loss and the mortality rate was maintained in most subgroups according to socioeconomic and comorbid conditions. According to the cause of death, the number of missing teeth was connected with elevated mortality rates due to neoplasms, metabolic disease, circulatory disease, respiratory disease, digestive disease, and trauma. This study improved previous studies on the mortality rate and tooth loss by extensively considering covariates, including past medical histories, socioeconomic factors, and lifestyle factors, which could be connected with both the number of missing teeth and mortality. In addition, the cause of mortality was classified and analyzed for its relationship with the number of missing teeth.

The increased risk of mortality associated with the number of missing teeth has been reported in a few previous studies (10, 22, 23). Adults with < 20 teeth demonstrated a 1.60 times higher risk of all-cause mortality than adults with ≥ 20 teeth in Japan (95% CI = 1.01–2.56, P = 0.047) (10). The number of missing teeth showed a dose-dependent influence on the risk of mortality in the elderly population (22, 23). Having ≥ 20 teeth, 10–19 teeth, and 1–9 teeth was associated with a 1.14 (95% CI = 1.06–1.23), 1·23 (95% CI = 1.15–1.31), and 1.35 (95% CI = 1.26–1.44) times higher risk of mortality, respectively (22). In addition to the considerable number of missing teeth, for instance, < 20 of remaining teeth, the present study demonstrated that missing 3 or more teeth could also contribute to the risk of mortality. Both the loss of the physiological functions of teeth and indirect effects on hygiene and inflammation could mediate the connection between tooth loss and mortality.

The discomfort of oral intake could induce a state of malnutrition, which may result in increased susceptibility to disease and mortality in patients with missing teeth. The missing teeth have been suggested to impair dietary intake, which in turn results in poor nutrition and weight loss (24). In patients with head and neck cancer, missing teeth were associated with 3.88 times (95% CI = 1.63–9.26) higher odds for poor dietary intake and 10.1 times (95% CI = 2.0–50) higher odds for weight loss of 5% or more (24). Nutritional impact symptoms, including chewing difficulty, dysphagia, loss of appetite, and feeling full, were also higher in the patients with missing teeth (OR = 1.11, 95% CI = 1.03–1.20) (24). In an aged population, the number of missing teeth was connected with 3.2 times higher odds of eating problems in an English observation study (25). Specifically, the maximum bite force and masticatory ability were lower in elderly patients with fewer than 20 teeth in Japan (26).

Moreover, the poor hygiene of patients with missing teeth could contribute to the increased risk of mortality. The major cause of missing teeth is periodontal disease. Because periodontal disease and dental caries accompany bacterial colonization and systemic inflammatory responses, systemic inflammation could mediate the increased risk of mortality (27). In addition, missing teeth can reduce self-esteem and quality of life, which may cause poor hygiene. Patients with missing teeth were reported to have a lower socioeconomic status (28, 29). In a 50-year or older Korean population, missing teeth were associated with 3.61%, 4.76, and 2.17% higher inequalities in aspects of parental education, personal education, and income, respectively (30). The low socioeconomic status of patients with missing teeth could result in poor hygiene, which can cause patients to be susceptible to morbidity and mortality.

According to the cause of death, mortality due to neoplasms and metabolic, circulatory, respiratory, and digestive diseases was positively associated with missing teeth. The missing teeth were reported to be connected with an increased risk of cardiovascular diseases (31). A meta-analysis demonstrated that the pooled risk ratio for the incidence of cardiovascular disease was 1.69–2.93 for patients with missing teeth (31). In addition, the main etiologies of tooth loss, dental caries, and periodontitis have been suggested to be connected with metabolic diseases, such as diabetes and metabolic syndrome (32, 33). The missing teeth and dental caries could impair nutritional intake and metabolic imbalance, which could induce metabolic diseases. On the other hand, metabolic diseases can increase susceptibility to dental caries and missing teeth due to dysregulated inflammation and immune functions. In patients with missing teeth, systemic inflammation and immune dysfunctions can also increase susceptibility to cancer, respiratory diseases, such as asthma and chronic obstructive pulmonary disease, and digestive diseases, such as liver diseases (34–36).

The positive association of ≥3 missing teeth and the risk of mortality was valid in many subgroups, including those of age ≥55, both sexes, various socioeconomic statuses, lifestyle factors, and comorbid conditions. Previous studies have yielded controversial associations of tooth loss with mortality according to age and sex. Although several prior studies have reported a risk of mortality related to missing teeth in the elderly population, a prospective study reported an association of missing teeth with mortality in a middle-aged population (40–64 years) but not in an elderly population (65–79 years) (12). According to sex, a prospective follow-up study in an 80-year-old population reported a stronger relationship between missing teeth with mortality in women (37). In contrast, another follow-up study in an 80-year-old population reported the connection of missing teeth with mortality in men but not in women (11). A smaller study population with limited age ranges may weaken the statistical power of previous studies. Because the present cohort harbored a large study population with a wider range of age groups, both men and women and many subgroups showed a relationship between missing teeth with the risk of mortality.

This study used large, nationwide, population cohort data. The groups with no missing teeth, 1–2 missing teeth, and ≥ 3 missing teeth were matched for age and sex. Several participants were excluded during the matching process. Thus, selection bias could be a concern in the present study. However, because age is a major determinant for both missing teeth and mortality, we matched this variable to minimize its potential confounding effects. In addition, most of the participants excluded during the matching process were in the no missing teeth group. The no missing teeth group was a control group in this study and matched with the study groups using random selection. Many variables were adjusted to minimize confounding effects, and subgroup analyses were conducted. The number of missing teeth was examined by dentists.

However, although the tooth exam was conducted by dentists, the etiology of missing teeth was not specified in this study. In this study, only 6.84% (3,531) of the participants were estimated to have fewer than 20 teeth. Thus, we categorized the groups according to the number of missing teeth: 0, up to 2, and more than 2 missing teeth. The possible impacts of underlying comorbidities on the occurrence of missing teeth could not be excluded in the present study. For instance, missing teeth can occur due to malnutrition related to pre-existing cancer and digestive diseases. Thus, although missing teeth are not the only etiology of mortality, this study has a clinical implication that missing teeth can be a predictive indicator for a greater risk of mortality. Although the HR of the present study was 1.19, the E-value was estimated to be as high as 1.67. In addition, other dental conditions, such as periodontal diseases and wearing dentures, were not included. The presence of the appropriate replacement of teeth could not be examined in the current cohort data. Previous studies reported that denture use was associated with a lower risk of mortality (22, 38). Although lifestyle factors and BMI were included as adjusted variables, the laboratory data were limited. For instance, the low-density lipoprotein cholesterol level was not available in the current study. Other residual confounders, such as educational status, dietary habits, and nutritional status, were not available in the current cohort data. Because dietary habits and nutritional states may impact both missing teeth and the risk of mortality, the association of missing teeth with the risk of mortality can mediate these unknown variables. Lastly, there were some missing values that were substituted with the average value of the total study population.



CONCLUSION

The presence of at least three missing teeth was associated with a higher mortality rate in the adult population. According to the etiology of mortality, death from mental disease, digestive disease, and trauma was higher in the participants with missing teeth. Although many variables were adjusted in the present study, residual confounders could influence the association of the number of missing teeth with the risk of mortality.
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