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A B S T R A C T   

Objectives: Life’s Simple 7 (LS7) metrics provide insight into improving cardiovascular health (CVH) and help 
reduce mortality risks. Edentulous older adults have a higher mortality risk than dentulous ones, probably due to 
worse oral function. It is reported that wearing dentures will decrease the mortality risk factor by improving oral 
function. This prospective study aimed to investigate if denture wearing could modify the association between 
CVH profile and mortality risk among edentulous elderly. 
Methods: From the Third National Health and Nutrition Examination Survey (NHANES III), 1,735 edentulous 
older adults (mean age 69.4 years old) with CVH profiles and data on denture wearing status were selected for 
this study. CVH profiles according to LS7 metrics were classified into poor, intermediate, or ideal. Denture 
wearers were defined as those wearing complete dentures in both arches all the time or only when awake. 
Multivariable Cox proportional-hazards regression was conducted to estimate the association of CVH profiles 
with all-cause and cardiovascular mortality. Stratified analyses and the testing of interaction terms were used to 
evaluate the difference between the association in edentulous patients with and without dentures. 
Results: A total of 1,420 (81.8%) older adults died during the 27-year follow-up, with 478 (27.6%) cases 
attributable to heart disease. After controlling for potential confounders, edentulous patients with an ideal CVH 
(LS7 = 10–14) had a lower mortality risk than those with poor CVH (LS7 = 0–4). Furthermore, we observed an 
effect modification by denture use (P interaction = 0.046), with the role of ideal CVH in mitigating mortality among 
the denture wearers (Hazard Ratio = 0.440 [0.329–0.588]), while no significant association among those 
without dentures. Similar results were achieved for cardiovascular mortality, but there was no effect modifi-
cation of denture use (P interaction = 0.352). 
Conclusion: In this study, a favorable cardiovascular health profile presents a protective effect on all-cause 
mortality only among edentulous patients wearing dentures instead of non-wearer. 
Clinical Significance: Denture usage could improve oral function (e.g., chewing, smiling, speaking, etc.) and 
promote general health. Effect modification found in this study indicates having ideal CVH alone cannot sub-
stantially reduce mortality risk among edentulous patients. Therefore, health care professionals should keep an 
eye on the elderly not wearing dentures as they are probably more at risk for adverse health outcomes. It remains 
unclear if denture wearing has a causal relation with lower mortality risks, and further research is needed.   
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1. Introduction 

Edentulism, or complete tooth loss, is a common oral health problem, 
especially in the older adults [1]. With the aging of the population, the 
edentulism incidence worldwide keeps rising year by year. In 
2017–2018, the age-adjusted prevalence of edentulism was 12.6% 
among the American population aged ≥65 years and 23.5% in the older 
adults in the lower socioeconomic status (SES) [2]. Edentulism impacts 
chewing function and is closely related to various systemic diseases [3]. 
Previous studies indicated that older adults who still had remaining 
teeth had better general health and quality of life than edentulous pa-
tients [4–6]. The outcome disparities between elderly with and without 
remaining teeth could be attributed to several aspects, such as SES, food 
intake, oral function, oral health-related quality of life, educational 
level, and healthy lifestyle [4]. Good oral health means good oral 
function, less pain, better speaking, chewing, swallowing, etc., which in 
turn reflects positively on general health. Good chewing performance 
also stimulates the blood flow in the brain, then promotes cognitive 
function [7]. However, few studies focus on the relations between 
chewing performance and general health, especially in edentulous 
elderly wearing dentures or not. More research is therefore necessary on 
the association between chewing function and general health in the 
edentulous population. Recent studies have linked edentulism to mor-
tality in the older population [8,9]. It was reported that the edentu-
lism–mortality link (16.1%) could be partly explained by the elevated 
cardiovascular risk [8]. Thus, the mortality risk of edentulous older 
adults might arise from a complex interplay of oral diseases (e.g., peri-
odontal infections and severe caries lesions) that eventually can cause 
general health problems, including higher cardiovascular risk factors. 

Cardiovascular disease, in turn, is the leading cause of death in the 
United States [10]. The American Heart Association designed the Life’s 
Simple 7 (LS7) measure to provide insight into a person’s cardiovascular 
health (CVH), which can help improve lifestyle and health and reduce 
the risk for cardiovascular mortality [11]. LS7 consists of four modifi-
able behavioral indicators (smoking habits, physical activity, healthy 
diet scores, and body mass index) and three modifiable health indicators 
(total cholesterol, blood pressure, and fasting plasma glucose). Each 
indicator is categorized as poor, intermediate, and ideal when evalu-
ating the overall CVH. An ideal CVH profile is reported to reduce the risk 
of all-cause and cardiovascular mortality [12,13]. Few studies have 
suggested the protective effect of LS7 on mortality risk in edentulous 
patients. 

As stated earlier, tooth loss (full or partial) substantially increases 
chewing problems, resulting in the ingestion of a high-fat, low-fiber diet 
[14]. Recent studies indicate that prosthetic rehabilitation (i.e., den-
tures) can improve the quality of life and general health by restoring 
masticatory function [15,16]. In addition, denture use is reported to 
reduce the mortality risk among the edentulous population [17,18]. 
Although both treatment of edentulism and favorable CVH profiles have 
a protective effect against mortality, the combined effect of these two 
behaviors remains unknown. It is suggested that good chewing function 
might reduce CVH problems as chewing and the LS7 are related [19]. 
Therefore, we hypothesized that the edentulous patients who wore their 
dentures would benefit the most from the effect of an ideal CVH on 
mitigating mortality. Two objectives of the present study were: 1) to 
assess the association between different CVH profiles and all-cause and 
cardiovascular mortality in edentulous patients; 2) to explore the effect 
modification by denture wearing status. 

2. Methods 

2.1. Data source 

A cross-sectional study design was employed using The Third Na-
tional Health and Nutrition Examination Survey (NHANES III) data from 
1988 through 1994 in the US, as denture wearing status were included 

during these years. NHANES III was conducted by the National Center 
for Health Statistics (NCHS) to obtain information regarding the health 
and nutritional status of the non-institutionalized US population. 
NHANES study incorporated a complex, multi-stage, stratified, clustered 
sampling design to achieve a nationally representative sample [20]. This 
nationwide survey included demographic and basic health data, stan-
dardized medical examinations, and laboratory tests. The NCHS 
Research Ethics Review Board approved all the data collection proced-
ures. All the participants signed written informed consent forms [20]. 
The present study used publicly available data sources and was exempt 
from ethics review. We followed the Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE) guidelines for obser-
vational studies [21]. From the total participants of NHANES III (n = 33, 
995), we excluded participants with missing values at baseline for 
dentition status or having at least one natural tooth. Edentulous par-
ticipants with no data for LS7 scores were also excluded. 

2.2. Dentate status assessment 

We hypothesized denture wearing status as a potential effect modi-
fier in this study. Trained and calibrated dentists performed prostho-
dontic evaluations during clinical examinations and noted wearing 
removable dentures in edentulous participants. Specifically, the partic-
ipants reported the dentures use under four categories: 1) all the time, 2) 
only when awake, 3) only occasionally, or 4) no denture wearing. The 
edentulous participants who reported that they wore complete dentures 
in both arches in two categories of "all the time" or "only when awake" 
were defined as denture wearers [17]. The other edentulous participants 
were defined as non-denture wearers. 

2.3. Cardiovascular health assessment 

CVH profiles were assessed by LS7 based on the data available in 
NHANES III. Supplemental Methods describe the details of LS7 compo-
nents, including smoking habits, physical activity, healthy diet scores, 
body mass index, total cholesterol, blood pressure, and fasting plasma 
glucose [13,22]. To calculate the total score for LS7, each component 
categorized as ideal, intermediate, or poor was given a score of 0, 1, or 2, 
respectively (Table 1). The total LS7 score ranged from 0 to 14 and was 
classified into poor (0–4), intermediate (5–9), or ideal (10–14) cardio-
vascular health profiles [23]. 

2.4. All-cause and cardiovascular mortality assessment 

The primary and secondary outcomes of this study were all-cause 
and cardiovascular mortality, respectively. Cardiovascular death was 
defined as death from cardiac and cerebrovascular diseases. The NCHS 
provides mortality status and cause of death for NHANES III participants 
up to 31st December 2015, linked by probabilistic record matching with 
the National Death Index. NHANES III participants were followed up for 
27 years. 

2.5. Covariates 

We selected the following covariates to eliminate confounding fac-
tors: age, gender, race/ethnicity, educational attainment, annual 
household income, smoking status, alcohol use, and systemic diseases 
(stroke, cardiovascular disease, and cancer). Age (years), gender (male 
or female), and race/ethnicity (non-Hispanic white, non-Hispanic black, 
or others) were collected by trained interviewers from in-person 
household interviews. Educational attainment (<high school or ≥high 
school) and annual household income (<20,000$ or ≥20,000$) were 
regarded as indicators of socioeconomic status (SES). Self-reported 
systemic diseases were also obtained from the interviews. 
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2.6. Statistical analysis 

We performed all statistical analyses using survey weighting, ac-
counting for the complex sampling design of the NHANES III. Weighted 
proportions, means, and standard deviations (SD) described participant 
characteristics for the total and stratified by denture wearing and CVH 
profiles. The interrelationship between denture wearing, CVH profiles, 
and mortality was studied in three steps. First, the association between 

denture wearing and CVH metrics was estimated by a logistic regression 
model. The crude model was not adjusted for potential confounders. 
Adjusted model was adjusted for demographic variables (age, gender, 
and race/ethnicity), SES (educational attainment and annual family 
income), smoking status, alcohol intake, and self-reported systemic 
diseases (cardiovascular disease, stroke, and cancer). Second, weighted 
multivariable Cox proportion hazards models were used to estimate the 
hazard ratios (HRs) and 95% confidence intervals (CIs) for the 

Table 1 
Definitions of ideal, intermediate, and poor cardiovascular health profile.  

CVH profile Poor (Score = 0) Intermediate (Score = 1) Ideal (Score = 2) 

Smoking habits Current smoker Former smoker Never smoker 
Physical activity None The difference between physically active and no physical 

activity was taken as intermediate 
Physical activities with 3≤METS<6 and ≥5 times/wk or physical 
activities with METS ≥6 and 3.0 times/wk. 

Healthy diet 
scores 

<50 50–80 >80 

Body mass index ≥30 kg/m2 25–29.9 kg/m2 <25 kg/m2 

Total cholesterol ≥240 mg/dL 200–239 or treated to ideal goal <200 and not receiving lipid-lowering medications 
Blood pressure SBP ≥140 mm Hg or DBP 

≥90 mm Hg 
SBP 120–139 mm Hg and DBP 80–89 mm Hg or treated to 
ideal goal 

SBP <120 mm Hg and DBP <80 mm Hg and not receiving blood 
pressure medications 

Fasting plasma 
glucose 

≥126 mg/dL 100–125 mg/dL or treated to goal <100 mg/dL 

Abbreviations: DBP, diastolic blood pressure; SBP, systolic blood pressure; METS, metabolic equivalent score. 

Fig. 1. Flow chart indicating the participants from the NHANES III dataset included for analysis.  
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association of denture use or CVH profiles with all-cause and cardio-
vascular mortality. Third, the total population was stratified as non- 
denture wearers and denture wearers. We fitted a competing-risk 
model treating cause-specific death as a competing risk. The cumula-
tive mortality curves by CVH profiles were computed using the cumu-
lative incidence function. We used multivariable Cox proportional 
hazard models to estimate the association of CVH profiles with total and 
cardiovascular mortality risk in strata of denture wearing status. All the 

models were adjusted for the aforementioned confounding factors. Next, 
we performed interaction analyses to examine the effect modification by 
denture wearing [24,25]. 

We conducted three sensitivity analyses to assess the robustness of 
the findings. First, the LS7 score was treated as a continuous variable in 
the interaction analysis. Second, the first three years of follow-up were 
excluded to minimize the reverse causation bias. Third, edentulous in-
dividuals with cardiovascular disease, stroke, or cancer were excluded 

Table 2 
Characteristics of edentulous population in NHANES III stratified by CVH profile * and denture wearing status (n = 1,735).   

Overall Non-denture wearers Denture wearers   

Poor CVH Intermediate CVH Ideal CVH Poor CVH Intermediate CVH Ideal CVH 

Number 1,735 47 333 63 103 1,019 170 
Weighted Number 13,074,302 245,575 2,108,145 440,570 742,054 8,007,229 1,530,729 
Age, year, mean (SD) 69.4 (12.6) 67.9 (9.3) 69.8 (12.2) 71.8 (14.9) 67.5 (10.0) 69.3 (12.4) 69.3 (14.8) 
Gender, n (%)        

Female 804 (46.3) 12 (25.5) 182 (54.7) 42 (66.7) 29 (28.2) 455 (44.7) 84 (49.4) 
Male 931 (53.7) 35 (74.5) 151 (45.3) 21 (33.3) 74 (71.8) 564 (55.3) 86 (50.6) 

Race/ethnicity, n (%)        
Non-Hispanic white 1109 (63.9) 18 (38.3) 189 (56.8) 41 (65.1) 57 (55.3) 676 (66.3) 128 (75.3) 
Non-Hispanic black 381 (22.0) 15 (31.9) 96 (28.8) 12 (19.0) 27 (26.2) 204 (20.0) 27 (15.9) 
Others 245 (14.1) 14 (29.8) 48 (14.4) 10 (15.9) 19 (18.4) 139 (13.6) 15 (8.8) 

Educational level, n (%)†

< high school 1,132 (65.2) 39 (83.0) 262 (78.9) 46 (73.0) 63 (61.8) 617 (60.9) 105 (62.5) 
≥high school 593 (34.2) 8 (17.0) 70 (21.1) 17 (27.0) 39 (38.2) 396 (39.1) 63 (37.5) 

Annual household income, n (%)†

<20,000$ 1140 (65.7) 41 (87.2) 256 (77.6) 50 (80.6) 67 (66.3) 622 (62.2) 104 (63.4) 
≥20,000$ 564 (32.5) 6 (12.8) 74 (22.4) 12 (19.4) 34 (33.7) 378 (37.8) 60 (36.6) 

Alcohol use in past 12 months, n (%)†

No 445 (26.2) 10 (21.7) 92 (28.6) 22 (34.9) 29 (28.7) 243 (24.3) 49 (29.3) 
Yes 1254 (73.8) 36 (78.3) 230 (71.4) 41 (65.1) 72 (71.3) 757 (75.7) 118 (70.7) 

Smoking habits, n (%)        
Current smoker 423 (24.4) 21 (44.7) 101 (30.3) 15 (23.8) 29 (28.2) 245 (24.0) 12 (7.1) 
Former smoker 631 (36.4) 19 (40.4) 120 (36.1) 16 (25.4) 42 (40.8) 380 (37.3) 54 (31.8) 
Never smoker 681 (39.3) 7 (14.9) 112 (33.6) 32 (50.8) 32 (31.1) 394(38.7) 104 (61.2) 

Physical activity, n (%)        
Poor 742 (42.8) 35 (74.5) 168 (50.5) 17 (27.0) 58 (56.3) 424 (41.6) 12 (7.1) 
Intermediate 501 (28.9) 10 (21.3) 85 (25.5) 17 (27.0) 28 (27.2) 321 (31.5) 55 (32.3) 
Ideal 492 (28.4) 2 (4.3) 80 (24.0) 29 (46.0) 17 (16.5) 274 (26.9) 103 (60.6) 

Healthy diet scores, n (%)       
<50 214 (12.3) 10 (21.3) 52 (15.6) 2 (3.2) 23 (22.3) 122 (12.0) 5 (2.9) 
50–80 1,236 (71.2) 34 (72.3) 239 (71.8) 46 (73.0) 66 (64.1) 737 (72.3) 114 (67.1) 
>80 285 (16.5) 3 (6.4) 42 (12.6) 15 (23.8) 14 (13.6) 160 (15.7) 51 (30.0) 

Body mass index, n (%)        
≥30 kg/m2 427 (24.6) 35 (74.5) 71 (21.3) 2 (3.2) 73 (70.9) 241 (23.7) 5 (2.9) 
25–29.9 kg/m2 595 (34.3) 12 (25.5) 118 (35.4) 14 (22.2) 25 (24.3) 395 (38.8) 31 (18.2) 
<25 kg/m2 713 (41.1) 0 (0.0) 144 (43.2) 47 (74.6) 5 (4.9) 383 (37.6) 134 (78.8) 

Total cholesterol, n (%)        
Poor 564 (32.5) 32 (68.1) 103 (30.9) 2 (3.2) 72 (69.9) 349 (34.2) 6 (3.5) 
Intermediate 582 (33.5) 13 (27.7) 115 (34.5) 13 (20.6) 29 (28.2) 362 (35.5) 50 (29.4) 
Ideal 589 (33.9) 2 (4.3) 115 (34.5) 48 (76.2) 2 (1.9) 308 (30.2) 114 (67.1) 

Blood pressure, n (%)        
Poor 796 (45.9) 30 (63.8) 174 (52.3) 5 (7.9) 75 (72.8) 472 (46.3) 40 (23.5) 

Intermediate 685 (39.5) 15 (31.9) 119 (35.7) 25 (39.7) 26 (25.2) 433 (42.5) 67 (39.4) 
Ideal 254 (14.6) 2 (4.3) 40 (12.0) 33 (52.4) 2 (1.9) 114 (11.2) 63 (37.1) 

Fasting plasma glucose, n (%)       
Poor 245 (14.1) 30 (63.8) 40 (12.0) 0 (0.0) 52 (50.5) 122 (12.0) 1 (0.6) 
Intermediate 584 (33.7) 11 (23.4) 110 (33.0) 12 (19.0) 32 (31.1) 396 (38.9) 23 (13.5) 
Ideal 906 (52.2) 6 (12.8) 183 (55.0) 51 (81.0) 19 (18.4) 501 (49.2) 146 (85.9) 

Cardiovascular disease, n (%)       
No physician’s diagnosis 1470 (84.7) 38 (80.9) 271 (81.4) 51 (81.0) 88 (85.4) 869 (85.3) 153 (90.0) 
Physician’s diagnosis 265 (15.3) 9 (19.1) 62 (18.6) 12 (19.0) 15 (14.6) 150 (14.7) 17 (10.0) 

Stroke, n (%)        
No physician’s diagnosis 1,597 (92.0) 39 (83.0) 303 (91.0) 62 (98.4) 96 (93.2) 937 (92.0) 160 (94.1) 
Physician’s diagnosis 138 (8.0) 8 (17.0) 30 (9.0) 1 (1.6) 7 (6.8) 82 (8.0) 10 (5.9) 

Cancer, n (%)        
No physician’s diagnosis 1,462 (84.3) 42 (89.4) 279 (83.8) 54 (85.7) 95 (92.2) 853 (83.7) 139 (81.8) 
Physician’s diagnosis 273 (15.7) 5 (10.6) 54 (16.2) 9 (14.3) 8 (7.8) 166 (16.3) 31 (18.2) 

Mortality status, n (%)        
All-cause mortality 1,420 (81.8) 43 (91.5) 288 (86.5) 55 (87.3) 94 (91.3) 824 (80.9) 116 (68.2) 
Cardiovascular mortality 478 (27.6) 18 (38.3) 103 (30.9) 19 (30.2) 37 (35.9) 264 (25.9) 37 (21.8)  

* CVH profile was grouped by Life’s Simple 7 (LS7) score, as follows: Poor CVH = LS7 (0–4); Intermediate CVH= LS7 (5–9); and Ideal CVH= LS7 (10–14). 
† Missing value for total study: education (n = 10; <1%), income (n = 31; 1.8%), alcohol usage (n = 36, 2.1%). 

Abbreviations: NHANES III, the Third National Health and Nutrition Examination Survey; CVH, cardiovascular health; SD, standard deviation. 
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because these chronic diseases could affect both LS7 and denture 
wearing. Variables with missing value for total study are education (n =
10; <1%), income (n = 31; 1.8%), and alcohol usage (n = 36, 2.1%). We 
therefore carried out a complete-case analysis since missing data were 
rare (<3%). All analyses used P<0.05 for the statistical significance cut- 
off, and statistical analyses were performed using SPSS 26 (IBM., Chi-
cago, IL) and R Project for Statistical Computing (version 4.1.3). 

3. Results 

Of the 26,797 participants in the NHANES dataset who received the 
dentate examination, 1957 were defined as edentulous patients. Par-
ticipants who did not have data on LS7 score (n = 222) were excluded, 
resulting in an analytical sample of 1,735 edentulous patients (Fig. 1). A 
total of 1,735 edentulous patients (mean [SD] age, 69.4 [12.6]; 931 
[53.7%] male) were included in the present analysis. Of these 1735 
edentulous patients, 1292 were identified as denture wearers. During 27 
years of follow-up (mean, 12.5 years), 1,420 participants died; 478 
(27.6%) of these deaths were attributable to heart diseases. Table 2 
presents the baseline characteristics of edentulous patients stratified by 
CVH profiles and denture wearing status. Age distribution did not 
significantly differ between subgroups. Non-denture wearers with poor 
CVH tended to be male and Non-Hispanic blacks with lower educational 
and income levels. Conversely, edentulous patients with ideal CVH, who 
wore dentures were more likely to be male and non-Hispanic whites 
with higher educational and income levels. 

Denture wearing was significantly associated with smoking habits, 
physical activity, and healthy diet scores in edentulous patients 
(Table 3). The denture wearers tended to have a better cardiovascular 
health status than non-denture wearers. Denture wearers were 18.9% 
less likely than non-denture wearers to die (HR adjusted = 0.811 
[0.718–0.917]), as shown in Table S1. In addition, a significantly 
decreased cardiovascular mortality risk was observed in denture 
wearers compared with non-denture wearers (HR adjusted = 0.747 
[0.608–0.918]). Regarding cardiovascular health, intermediate and 
ideal CVH were significantly related to lower all-cause and cardiovas-
cular mortality risk than the older adults with a poor CVH profile (Table 
S2). 

Fig. 2 presents the cumulative incidences of all-cause and cardio-
vascular mortality in terms of CVH profiles among non-denture and 
denture wearers. Among non-denture wearers, those with poor, inter-
mediate, and ideal CVH had a comparable cumulative incidence of all- 
cause mortality (Fig. 2A). The analysis of mortality in denture-searing 
participants showed the protective effect of ideal CVH for all-cause 
mortality (Fig. 2B). Similarly, the cumulative incidence of cardiovas-
cular mortality was comparable across CVH profiles among non-denture 
wearers (Fig. 2C). There were decent cardiovascular mortality rates in 
denture wearers with poor, intermediate, and ideal CVH (Fig. 2D). 

In the adjusted analysis, intermediate and ideal CVH were associated 
with a significantly lower risk of all-cause mortality than poor CVH 
among denture wearers (HR adjusted = 0.564 [0.451–0.706] for inter-
mediate CVH and HR adjusted = 0.440 [0.329–0.588] for ideal CVH, 
Fig. 3A). Among non-denture wearers, different CVH conditions were 
not significantly associated with all-cause mortality risk. Next, we found 
a significant moderating role of denture wearing status in the association 
between CVH profiles and all-cause mortality (P interaction = 0.046). 
Similar results were achieved for cardiovascular mortality (Fig. 3B). 
However, the effect modification by denture use was not statistically 
significant (P interaction = 0.352). The results of all the sensitivity analyses 
were substantially consistent (Table S3–S5). 

4. Discussion 

We investigated the interrelationships between denture use, car-
diovascular health, and mortality in the edentulous patients in this 
prospective observational study with 27 years of follow-up. The 

edentulous older adults wearing dentures exhibited better CVH profiles 
and lower risk for all-cause mortality than edentulous patients without 
dentures. In addition, the effect of an ideal CVH profile on reducing 
mortality differed by denture wearing status. We observed the protective 
effect only among denture wearers. The results were similar for car-
diovascular mortality, whereas no significant denture–CVH interaction 
term was detected. 

The present study emphasized the potential prolongation of life in 
edentulous patients known to be at higher mortality risk. A novel finding 
extended previous research and demonstrated that an ideal CVH profile 

Table 3 
Weighted association between denture wearing and cardiovascular health 
metrics among edentulous population in the Third National Health and Nutri-
tion Examination Survey (n = 1,735).   

denture wearers/ 
participants 

Odds Ratio (95% Confidence Interval)  

Unadjusted Adjusted * 

Behavioral CVH 
metrics    

Smoking habits    
Current smoker 286/423 1 [Reference] 1 [Reference] 
Former smoker 476/631 1.471 (1.120 to 

1.932) 
1.400 (1.066 to 
1.833) 

Never smoker 530/681 1.681 (1.280 to 
2.207) 

1.428 (1.093 to 
1.866) 

Physical activity    
Poor 494/742 1 [Reference] 1 [Reference] 
Intermediate 404/501 1.606 (1.235 to 

2.089) 
1.398 (1.079 to 
1.812) 

Ideal 394/492 1.581 (1.214 to 
2.058) 

1.351 (1.042 to 
1.750) 

Healthy diet scores    
<50 150/214 1 [Reference] 1 [Reference] 
50–80 917/1236 1.227 (0.891 to 

1.688) 
1.192 (0.878 to 
1.646) 

>80 225/285 1.600 (1.064 to 
2.407) 

1.514 (1.017 to 
2.252) 

Body mass index    
≥30 kg/m2 319/427 1 [Reference] 1 [Reference] 
25–29.9 kg/m2 451/595 1.064 (0.796 to 

1.422) 
1.142 (0.842 to 
1.550) 

<25 kg/m2 522/713 0.910 (0.690 to 
1.199) 

1.024 (0.764 to 
1.374) 

Biological CVH 
metrics    

Total cholesterol    
Poor 427/564 1 [Reference] 1 [Reference] 
Intermediate 441/582 1.006 (0.766 to 

1.321) 
1.049 (0.791 to 
1.390) 

Ideal 424/589 0.797 (0.611 to 
1.039) 

0.887 (0.671 to 
1.174) 

Blood pressure    
Poor 587/796 1 [Reference] 1 [Reference] 
Intermediate 526/685 1.167 (0.919 to 

1.482) 
1.136 (0.885 to 
1.458) 

Ideal 179/254 0.847 (0.618 to 
1.161) 

0.733 (0.518 to 
1.035) 

Fasting plasma 
glucose    
Poor 175/245 1 [Reference] 1 [Reference] 
Intermediate 451/584 1.339 (0.954 to 

1.880) 
1.301 (0.914 to 
1.851) 

Ideal 666/906 1.136 (0.828 to 
1.557) 

1.036 (0.745 to 
1.441) 

Overall CVH status    
Poor 103/150 1 [Reference] 1 [Reference] 
Intermediate 1,019/1352 1.396 (0.968 to 

2.015) 
1.449 (1.018 to 
2.066) 

Ideal 170/233 1.231 (0.785 to 
1.931) 

1.390 (0.891 to 
2.168)  

* Multivariable logistic regression models were adjusted for age, gender, race/ 
ethnicity, education, and income, smoking status, alcohol consumption, stroke, 
cardiovascular disease, and cancer. 

Bold indicates P value < 0.05. 
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significantly attenuated all-cause and cardiovascular mortality risks in 
edentulous patients with dentures than those without dentures. A series 
of sensitivity analyses were performed to reinforce the robustness of the 
findings and minimize the risk of reverse causation. An ideal CVH profile 
is associated with a reduced risk of cardiovascular events and mortality 
in older adults [26]. In the New England Centenarian Study, the 
edentulism rate in centenarians was lower than that of the controls in 
the 65–74 age range [27]; therefore, a functional dentition may indicate 
healthy aging [28]. Either fixed or removable dentures have long been 
reported to have a crucial role in maintaining the chewing capacity of 
edentulous patients. A recent large-scale population-based study re-
ported that adults with lower chewing efficiency were more likely to be 
at a poor CVH profile [19]. The strongest association between chewing 
capacity and CVH was observed with a healthy diet, consistent with our 
results. In this study, denture use was positively associated with healthy 
diet scores in edentulous patients. It was recently reported that eden-
tulous patients with complete dentures were less likely to be obese [29]. 
However, we did not observe group differences in BMI between denture 
wearers and non-denture wearers, possibly because BMI is used to 
describe obesity prevalence rather than measure adiposity. Even in 
non-obese individuals (normal BMI), central obesity measured by waist 
circumference was closely related to tooth loss [30]. 

Several mechanisms could be involved in the moderating role of 
denture wearing in the association between CVH profiles and mortality 
among edentulous patients. First, denture use has been reported to 
attenuate the detrimental effects of tooth loss on cognitive impairment 
and poor health-related quality of life [15,31]. Untreated edentulism 
could impact the older adults physically and psychologically, affecting 
general health and increasing early mortality events [32,33]. Second, 

older adults with high chewing efficiency have better dietary behaviors 
and nutrition [34,35]. The high-fiber and low-fat dietary pattern may, in 
particular, contribute to optimal cardiometabolic status and increase 
longevity [36]. Third, periodontitis, as the primary cause of edentulism, 
results in chronic inflammatory stimulation of the innate immune sys-
tem [37]. Edentulous patients are exposed to a pro-inflammatory envi-
ronment in the form of inflammation [38,39]. The synergistic effects of 
inflammation and untreated edentulism on cardiac and endothelial 
function may exacerbate morbidity and mortality [40]. In brief, there 
are well-established and plausible biological mechanisms to explain the 
observed association. 

The present study found that only among denture wearers did an 
ideal CVH profile have 56% and 66% lower all-cause and cardiovascular 
mortality risks compared with a poor CVH profile. An evident socio-
economic difference was found among groups stratified by denture use 
and CVH status. Higher education and income levels in denture wearers 
with an ideal CVH were 2–3 times higher than non-denture wearers with 
a poor CVH. Oral health literacy is insufficient in older adults with 
systemic diseases [41]. Establishing oral care habits (denture use, 
toothbrushing, and regular dental visits) might help decrease the mor-
tality risk in the older adults with tooth loss [42,43]. It is critical that 
dental professionals and geriatric physicians collaborate to provide oral 
function-oriented healthcare for edentulous older adults and recom-
mend cardiovascular health behaviors. Our findings also have potential 
implications for healthcare policies. Older people may prioritize 
meeting their basic needs over oral healthcare, especially in low-income 
groups. They may not be able to afford dental rehabilitation and oral 
healthcare. Maintaining the masticatory efficacy and regular dental care 
might mitigate mortality risk [44,45]. Public health policymakers 

Fig. 2. Cumulative mortality rates among edentulous population. All-cause mortality for CVH profile (LS7 = 0–4, 5–9, 10–14,) among non-denture wearers (A) and 
denture wearers (B). Cardiovascular mortality for CVH profile among non-denture wearers (C) and denture wearers (D). Abbreviations: LS7, Life’s Simple 7; CVH, 
cardiovascular health. 

J. Dai et al.                                                                                                                                                                                                                                      



Journal of Dentistry 126 (2022) 104287

7

should focus more attention on functional dentition in the elderly pop-
ulation and further improve the medical insurance policy. 

The strengths of the present study include longitudinal study design, 
long-term follow-up, and a nationally representative sample of the older 
population. We involved smoking status as a potential confounder in the 
survival analysis. It was debated that smokers were still regarded as an 
ideal CVH profile because they had a relatively higher LS7 score. Despite 
the strengths, this study has several limitations. First, the present study 
lacked information on the kind and quality of dentures. Wrongly used, 
unstable, heavily attired complete dentures can also reduce chewing 
effectiveness. Denture wearing status was self-reported, which could be 
subject to recall bias. Second, the edentulous population under study 
constituted a limited sample size. It could have reduced statistical power 
with false-negative results. It might explain why we did not find strong 
evidence for effect modification on cardiovascular mortality risk. Third, 
it might be difficult to relate the single-point evaluation of denture 
wearing status and CVH profile to the long follow-up mortality. Bias may 
have been introduced in the case of interval changes in exposure vari-
ables after baseline measurements. Fourth, the NHANES III data were 
not the latest (i.e., 1988-1994), but we believe that the mechanism 
behind the impact of denture use on the association between CVH pro-
files and mortality risk is unlikely to have changed. Fifth, we could not 
confirm any causality due to the nature of the observational study. 

In conclusion, the present study provided novel scientific evidence 
that ideal cardiovascular health and denture wearing were associated 
with a substantial reduction of all-cause and cardiovascular mortality in 
edentulous patients. Therefore, health policies and interventions should 

be implemented to rehabilitate edentulism and adopt an ideal CVH 
lifestyle to improve survival in US older adults. Nevertheless, further 
investigations are necessary to explore the causal mechanisms. 
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