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ABSTRACT

Background
The association between oral health and general health is not yet fully understood. This study examines the association between missing teeth, mortality, and
hospitalization outcomes.

Data and methods

This cohort study utilized time-to-event data from the Canadian Health Measures Survey Cycle 1 (2007 to 2009) linked to death and hospital discharge records.
Participants with clinically assessed tooth counts were followed up to 2019. Cox proportional hazards models were used, treating missing teeth as either
categorical or continuous exposures, adjusting for socioeconomic and health-related factors.

Results

In participants aged 20 to 79 years, 3,450 records were linked to mortality data (n=300 deaths) and 2,250 to hospitalization data (n=650 with at least one
hospital stay). Missing teeth were associated with elevated all-cause and cancer mortality in unadjusted models, but not after covariate adjustment. After
adjusting for key risk factors, including age and sex, participants with five or more missing teeth had a 76% higher risk of all-cause hospitalization (hazard ratio
[HR] 1.76, 95% confidence interval [CI]: 1.41 to 2.20) and a 120% higher risk of circulatory-related hospitalization (HR 2.20, 95% ClI: 1.09 to 4.45). Respiratory
hospitalizations were also linked to missing teeth. No significant links were found with hospitalizations for digestive diseases or cancer.

Interpretation
Missing teeth is associated with hospitalization in Canadian adults. These findings highlight that oral health may play a role or serve as an indicator of overall
health and health service use among Canadian adults.
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What is already known on this subject?

e Tooth loss has been linked to systemic conditions, including cardiovascular disease, diabetes, and certain cancers.

e International studies suggest an association between tooth loss and a higher risk of mortality and hospitalization, but results
from nationally representative Canadian data have been limited.

What does this study add?

e Missing teeth was significantly associated with an increased risk of all-cause, circulatory, and respiratory hospitalizations in

Canadian adults.

o After adjusting for age and other risk factors, no significant relationship was found between missing teeth and mortality.

e  Future research with larger sample sizes and longer follow-up is needed to clarify the role of missing teeth in predicting mortality

and hospitalization risks.

issing teeth serves as a cumulative indicator of

lifelong oral health deterioration, primarily resulting

from dental caries and periodontitis, though trauma
and other factors may also contribute to this outcome.'? No
major differences in tooth loss have been observed between the
sexes; however, research has shown a progressive increase with
age.” Edentulism (complete tooth loss) is an important oral
health indicator. According to a 2022 World Health
Organization report, the estimated average global prevalence of
complete tooth loss is approximately 7% among individuals
aged 20 years and older.’ Edentulism in Canadian adults
decreased from 23.6% in 1970 to 1972, to 6.4% in 2007 to 2009,
and further to 4.4% in 2023 to 2024.%° The Canadian Health
Measures Survey (CHMS) Cycle 1 (2007 to 2009) and the
forthcoming CHMS Cycle 7 (2022 to 2024) both include a
clinical oral health component, which provides detailed per-
tooth clinical examinations, including assessments of decayed,
missing, and filled teeth.

Mortality and hospitalization rates are key indicators of
population health and disease burden. Canadian statistics reveal
a gradual upward trend of crude all-cause death from population
growth and aging, with cancer and heart disease being the
leading causes of death.® Hospitalization rates have been
generally dropping in Canada in recent years.” The leading
cause of hospitalization in 2019 to 2020 was childbirth,
followed by respiratory and circulatory conditions.®

Recent research underscores a strong association between
untreated dental conditions leading to tooth loss and adverse
nutritional status’ and an increased risk of chronic systemic
diseases,'®!?  which include impairments in cognitive
function,'® cardiovascular diseases,'*'® diabetes,'” and certain
types of cancer.!®!” Missing teeth may serve as a
straightforward, non-invasive marker for overall health and
service utilization, e.g., mortality and hospitalization.
Numerous studies based on non-Canadian data have

underscored the potential of tooth loss in pinpointing groups at
a heightened risk for these adverse health events,'420-2°

The CHMS data have been linked to the Canadian Vital
Statistics — Death Database (CVSD), the Canadian Cancer
Registry, and the Discharge Abstract Database (DAD).
Participants in the oral health module of the CHMS Cycle 1
(2007 to 2009) were followed for an average of 11 years within
these linked datasets. The objective of this study was to examine
the time-to-event associations between missing teeth and two
key outcomes: (1) all-cause and cause-specific mortality, and
(2) overall and cause-specific hospitalization, using population-
representative data.

Data and methods

Study design and target population

This cohort study used data from the CHMS Cycle 1 (2007 to
2009) linked to multiple years of the CVSD and the DAD. The
CHMS collects key information relevant to the health of
Canadians, including direct physical measurements such as
blood pressure, height, weight, physical fitness, and oral health
status.?® The target population for the CHMS Cycle 1 was the
Canadian population aged 6 to 79 years living in private
households. Excluded from the survey were First Nations
people living on reserves, people living on Crown lands or in
certain remote regions, the institutionalized population, and
full-time members of the Canadians Forces. Approximately
96% of Canadians were represented. Only participants aged 20
to 79 years who had valid oral health examinations were
included in this study.

The CVSD is an administrative database that includes
demographic and cause-of-death information, collected
annually from all provincial and territorial vital statistics
registries.?’ Death records were obtained from the province or
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territory in which the death occurred. Eligible records for
linkage were provided for the years 2005 to 2019, but were
included in this analysis if the death event occurred after the
CHMS interview date and before December 2019. The
underlying causes of death were coded using the International
Classification of Diseases, Tenth Revision (ICD-10). Linkage
between the CHMS and the CVSD (CHMS-CVSD) was
performed using a probabilistic matching approach (further
details are provided in the user guide, available upon request).

The DAD contains administrative, clinical, and demographic
data on hospital discharges (including in-hospital deaths, sign-
outs, and transfers) from all provinces and territories, except
Quebec.? Eligible records for linkage included hospitalizations
that took place from 2006 to 2019, but were defined in this
analysis as occurring after the CHMS interview date and before
the end of the 2019/2020 fiscal year (ending April 30, 2020).
The CHMS and the DAD (CHMS-DAD) were linked using a
deterministic matching approach (more details are provided in
the user guide, available upon request). Participants from

Figure 1
Flow chart of data linkage for the study population

Quebec and the Atlantic provinces were excluded from the
hospitalization analysis because of the design of the CHMS
Cycle 1 and the availability of DAD data.

Missing teeth

Oral health data were collected through household and
respondent interviews, followed by a visit to a mobile
examination centre (MEC). During the household interview,
participants were asked about their satisfaction with their oral
health and appearance, oral symptoms, and dental care habits.
Clinical data collection at the MEC included measures of
edentulism, tooth status, periodontal conditions, and other oral
health symptoms. A participant was classified as edentulous if
no natural teeth were present during the oral examination;
otherwise, they were considered dentate. For dentate
participants, tooth status was coded as decayed, missing, or
filled, for each of the 28 teeth (wisdom teeth not recorded).
Missing adult teeth (crowns) were recorded and summed.

Vital Statistics - Death Database (CVSD)

Canadian Health Measures Survey (CHMS)

Discharge Abstract Database (DAD)

2006102019 2007 to 2009 2005t02019
(n=309) (n=5604) (5744 records)
3 Exclude records that occured before
Linkable sample CHMS collection
- (n=5486)
Link CHMS and CVSD
Keep the first admission/record of the
) same condition per patient
—)| Exclude Quebec and Atlantic provinces |
—>| From per record to per patient
Y
Link CHMS and DAD Unique patients
(n=1186)
h 4 Y
CHMS-CVSD CHMS-DAD
(n =5486) (n=3568)
Exclude participants —)l Exclude participants aged less than 20 years |
aa aged less than 20 years
—)l Exclude childbirth- and injury-related hospitalizations |
A
Study Sample, mortality analysis Study Sample, h ization:
(n=3454) (n=2252)
All-cause n=301 All-cause n =654
Cancer n=108 Digestive system n=192
Cardiovascular n=72 Circulatory system  n=130
Cancer n=118
Respiratorysystem n=78

Notes: All numbers indicate the number of participants available in the 2007 to 2009 Canadian Health Measures Survey (CHMS) that link to mortality events in the Canadian Vital Statistics — Death Database
(CVSD) from 2006 to 2019 or to hospitalization records in the Discharge Abstract Database (DAD) from 2005 to 2019.

Source: Statistics Canada, CHMS, Cycle 1 (2007 to 2009), linked to the CVSD and the DAD.
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Table 1

Characteristics of the study population, Canadians aged 20 to 79 years from the
Canadian Health Measures Survey (2007 to 2009) linked to the Canadian Vital
Statistics — Death Database and the Discharge Abstract Database

CHMS-CVSD CHMS-DAD
95% 95%
confidence confidence
mean or interval mean or interval
Characteristic percent from to percent from to
Socioeconomic variables
Sex
Male (%) 49.6 49.3 499 49.5 49.1 499
Female (%) 50.4 50.1 50.7 50.5 50.1 50.9
Age (years) 45.5 453 458 45.1 449 453
Total household income ($1,000) 76.7 712 822 80.6 73.7 874
Highest household education
Postsecondary (%) 72.6 65.5 787 71.9 60.8 80.9
Secondary or below (%) 23.8 183 303 24.8 16.8 35.1
Country of birth
Born in Canada (%) 76.0 65.5 84.1 71.4 57.4 823
Born outside Canada (%) 24.0°F 159 345 285 ¢ 17.7 425
Risk factor covariates
Systolic blood pressure (mmHg) 112.8 111.5 1141 112.5 110.6 114.3
Total cholesterol (mmol/L) 5.0 4.9 5.1 5.0 4.9 5.2
Body mass index (kg/m?) 26.5 259 27.0 26.4 257 271
Smoking status
Never or former Smoker (%) 78.3 75.9 80.6 79.3 76.2 821
Current Smoker (%) 21.7 19.4 241 20.7 179 238
Diabetes (%) 7.6 5.4 9.8 6.8°F 4.2 9.4
Dentate
No missing crown (%) 49.6 456 535 54.7 48.7 60.6
One to four missing crowns (%) 26.3 23.8  29.0 25.6 226 288
Five missing crowns and more (%) 17.5 155 19.6 14.7 12.8 16.9
Edentulous (%) 6.4 4.7 8.8 48F 2.6 8.7
Outcome measures
All-cause mortality (%) 6.4 5.3 7.7
All-cause hospitalization (%) 27.1 234 310

... not applicable

€ use with caution

Notes: CHMS-CVSD = Canadian Health Measures Survey linked to the Canadian Vital Statistics — Death
Database, CHMS-DAD = Canadian Heath Measures Survey linked to Discharge Abstract Database, mmHg =
millimetres of mercury and mmol/L = millimoles per litre.

Source: Statistics Canada, Canadian Health Measures Survey, Cycle 1 (2007 to 2009), linked to the Canadian
Vital Statistics — Death Database and the Discharge Abstract Database.

Mortality and hospitalization

The outcomes of interest for mortality were all-cause mortality,
cancer mortality (ICD-10 codes C00 to D48), and mortality
from diseases of the circulatory system (ICD-10 codes 100 to
199). For hospitalizations, only those occurring after the end
date of a given CHMS collection site were considered,
excluding those related to childbirth (ICD-10 codes O00 to
099) and injury (ICD-10 codes SO0 to T88). The outcomes
examined included all hospitalizations as well as
hospitalizations specific to the digestive system (ICD-10
codes K00 to K99), the respiratory system (ICD-10 codes JOO
to J99), cancer (ICD-10 codes C00 to D49), and the circulatory
system (ICD-10 codes I00 to 199), as these were the most
prevalent post-linkage and are reported annually by the
Canadian Institute for Health Information.® In cases where
participants had multiple records for the same condition, only
the first observed hospitalization event for each outcome was
retained.

Socioeconomic status and risk factors

Baseline socioeconomic and health-related risk factors were
considered in this study, as these factors have been documented
to be associated with both oral and general health outcomes.
Socioeconomic variables assessed included age, sex, country of
birth, highest household education level, total household
income, and smoking status, all of which were self-reported by
participants. The risk factors included systolic blood pressure
(SBP), measured as the average of six readings; body mass
index (BMI), calculated as weight (in kilograms) divided by the
square of height (in metres); measured total cholesterol levels
(in millimoles per litre). Details of the measurement protocols
are available upon request. Diabetes mellitus status was
determined based on either a self-reported diagnosis or a fasting
glucose of 7.0 millimoles per litre or more or a glycosylated
hemoglobin of 6.5% or more.?

Age, SBP, total cholesterol, BMI, and total household income
were treated as continuous variables. The remaining variables
were categorical, including sex (male or female), highest
household education (postsecondary versus secondary or
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below), country of birth (born in or outside Canada), smoking
status (never or former smoker versus current smoker), and
diabetes status (yes or no). Coefficients of control variables are
not shown in the tables and are available upon request.

Statistical analysis

Descriptive  statistics were used to assess participant
characteristics, including frequencies, means, and 95%
confidence intervals (CIs). Differences in participant

characteristics and health outcomes were examined across
missing teeth categories, which were divided into three groups
for dentate participants (no missing teeth, one to four missing
teeth, and five or more missing teeth), and the edentulous
participants. Significance testing between groups was done
using analysis of variance for continuous variables and the chi-
square test for categorical variables.

Cox proportional hazards regression models were used to
examine associations between missing teeth and mortality and
hospitalization = outcomes, adjusting for  participant
characteristics and risk factors. The main analysis was
conducted in the dentate population (aged 20 to 79 years) to
examine associations between missing teeth, mortality, and
hospitalization outcomes. Missing teeth were investigated
categorically (none missing, one to four missing, five or more
missing) and continuously (number of missing teeth). To
minimize the influence of age and socioeconomic status on the
potential association, two sensitivity analyses were conducted
by excluding the younger age group (20 to 39 years) and the
older age group (60 to 79 years). Another sensitivity analysis
was conducted to compare the edentulous and dentate
populations. To account for the complex survey design and non-
response in the CHMS, sampling weights were applied to the
linked datasets to ensure population representativeness, and the
bootstrap technique was used to obtain robust 95% Cls.
Differences were considered statistically significant if p < 0.05.
The number of degrees of freedom (DF) was taken into account
for the CHMS-CVSD analysis (DF = 11) and for the CHMS-
DAD analysis (DF= 7). This limited the number of covariates
that could be included in the regressions. All statistical analyses
were performed using R statistical software (version 4.2.3),3°
with Cox regression implemented using the “svycoxph”
function to adjust for the survey design.

Results

Study population

Participants in the 2007 to 2009 CHMS were linked to the
CVSD and the DAD (Figure 1). In the study population aged 20
to 79 years linked to the CVSD (n = 3,454), 301 deaths were
recorded, with cancer (n = 108) and cardiovascular disease (n =
72) identified as the leading causes of death. Among the 2,252
participants aged 20 to 79 linked to the DAD, 654 individuals
were hospitalized at least once. Hospitalizations related to the

digestive system (n = 192), the circulatory system (n = 130),
cancer (n = 118), and the respiratory system (n = 78) were the
most common reasons for hospitalization, excluding those
related to childbirth and injury.

The characteristics of participants aged 20 to 79 years linked to
the CVSD and the DAD are presented in Table 1. The mean age
of participants in both datasets was 45 years, with an
approximately equal representation of males and females.
Approximately three-quarters of participants were born in
Canada, had a postsecondary education, and were never (or
former) smokers. Overall, 6.4% of the CHMS-CVSD
participants and 4.8% of the CHMS-DAD participants were
identified as edentulous. About half of participants had no
missing teeth, one-quarter had one to four missing teeth, and
around 15% had five or more missing teeth. The distribution of
all socioeconomic and risk factor variables was similar across
both datasets (Table 1).

Descriptive analysis

Participant characteristics by missing teeth categories in the
CHMS-CVSD are presented in Table 2-A. Differences in sex,
smoking status, and country of birth were not observed across
missing teeth categories. Compared with those with no missing
teeth, participants with a higher number of missing teeth were
older, had lower total household income, and lower levels of
household education. These participants also exhibited more
unfavourable risk factors, including a higher prevalence of
diabetes, elevated SBP, a higher BMI, and increased total
cholesterol levels. Similar results are shown for the CHMS-
DAD participant characteristics in Table 2-B, except that a
higher proportion of participants born outside Canada had five
or more missing teeth.

The unadjusted mortality rate increased with the number of
missing teeth (Chart 1-A). The overall all-cause mortality rate
was 6.4% (95% CI: 5.4 to 7.5), ranging from 1.6% (95% CI: 1.0
to 2.4) in participants with no missing teeth to 23.2% (95% CI:
16.3 to 31.7) in edentulous individuals. Cancer mortality rates
followed a similar trend, increasing from 0.8% (95% CI: 0.6 to
1.2) in participants with no missing teeth to 6.7% (95% CI: 4.0
to 11.0) in edentulous individuals. A similar pattern was
observed for unadjusted hospitalizations (Chart 1-B). Among
the top four causes of hospitalization, the rate for digestive
system diseases was highest at 8.2% (95% CI: 6.6 to 10.3),
followed by cancer at 4.7% (95% CI: 3.8 to 6.1), circulatory
system diseases at 4.3% (95% CI: 3.3 to 5.6), and respiratory
system diseases at 3.3% (95% CI: 2.4 to 4.5). Hospitalization
rates for all causes increased with the number of missing teeth.
Proportionally, hospitalizations from respiratory system
diseases showed the steepest increase, followed by those from
circulatory system diseases. The overall all-cause
hospitalization rate (excluding those related to childbirth and
injury) was 27.1% (95% CI: 24.1 to 30.4), increasing from
20.3% (95% CI: 16.7 to 24.5) in participants with no missing
teeth to 46.0% (95% CI: 37.0 to 55.3) in edentulous individuals.
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Table 2-A
Characteristics of the study population, by missing teeth categories, Canadians aged 20 to 79 years from the Canadian Health
Measures Survey (2007 to 2009) linked to the Canadian Vital Statistics — Death Database

Dentate population

No missing teeth’ One to four missing teeth Five or more missing teeth Edentulous population
95% 95% 95% 95%
confidence confidence confidence confidence
mean or interval mean or interval mean or interval mean or interval
Characteristic percent from to percent from to percent from to percent from to
Socioeconomic variables
Sex
Male (%) 51.6 49.6 53.4 47.5 440 50.9 48.0 419 540 48.8 421 555
Female (%) 48.4 46.5 50.3 52.5 49.1 56.0 52.0 46.0 58.1 51.2 445 579
Age (years) 36.6 355 37.6 4897 478 50.1 590" 571 610 643" 62.5 66.1
Total household income ($1,000) 88.2 81.2 953 7327 689 776 60.7°° 528 685 457" 37.8 535
Highest household education
Postsecondary (%) 83.9 76.8 90.9 718" 655 78.1 642" 571 713 51.7 " 420 61.4
Secondary or below (%) 16.1 ¢ 9.1 232 28.2 219 345 35.8 28.6 429 48.3 38.6 58.0
Country of birth
Born in Canada (%) 78.1 68.4 87.8 71.9 62.1 81.8 73.9 623 855 81.9 735 903
Born outside Canada (%) 219% 122 316 28.1 182 379 26.1°F 145 377 18.1 9.7 265
Risk factor covariates
Systolic blood pressure (mmHg) 108.6 106.8 110.3 11377 112.3 1152 11927 1179 1205 12417 1203 1279
Total cholesterol (mmol/L) 49 48 50 52" 51 53 51" 5.0 5.3 52" 50 53
Body Mass Index (kg/m?) 25.8 251 265 27207 265 276 2717 266 277 276" 266 285
Smoking status
Never or former Smoker (%) 80.8 77.0 846 74.7 69.8 79.6 78.7 734 838 74.0 65.3 828
Current Smoker (%) 19.2 154 23.0 25.3 204 302 213 162 264 26.0 17.2 347
Diabetes (%) 34°F 12 56 69°¢ 39 98 16,6 123 209 184" 102 266

¥ use with caution

* significantly different from reference category (p < 0.05)

** significantly different from reference category (p < 0.01)

* reference group

Notes: MmHg = millimetres of mercury and mmol/L = millimoles per litre.

Source: Statistics Canada, Canadian Health Measures Survey, Cycle 1 (2007 to 2009), linked to the Canadian Vital Statistics — Death Database.

Table 2-B
Characteristics of the study population, by missing teeth categories, Canadians aged 20 to 79 years from the Canadian Health Measures
Survey 2007-2009 linked to the Discharge Abstract Database (DAD)

Dentate population

No missing teeth’ One to four missing teeth Five or more missing teeth Edentulous population
95% 95% 95% 95%
confidence confidence confidence confidence
mean or interval mean or interval mean or interval mean or interval
Characteristic percent from to percent from to percent from to percent from to
Socioeconomic variables
Sex
Male (%) 50.7 491 523 49.4 454 534 47.0 407 533 45.4 351 558
Female (%) 49.3 47.7  50.9 50.6 46.6  54.6 53.0 46.7  59.3 54.6 442 649
Age (years) 37.3 362 385 4957 480 510 506 570 621 656" 622 689
Total household income (in $1,000s) 90.8 821 99.6 746" 701  79.0 633 558 708 483" 381 585
Highest household education
Postsecondary (%) 83.3 739 926 68.1° 593  76.9 5997 507 69.2 457" 306 608
Secondary or below (%) 16.7 74 261 31.9 231 407 40.1 308 493 54.3 392 69.4
Country of birth
Born in Canada (%) 76.0 64.2 879 67.9 56.0 79.8 614° 449 778 67.8 50.0 85.7
Born outside Canada (%) 240°F 121 358 32.1°F 202  44.0 38.6°F 222 551 322°F 143  50.0
Risk factor covariates
Systolic blood pressure (mmHg) 108.9 106.6 111.2 11417 1121 1161 11917 117.0 121.2 12417 119.8 1283
Total cholesterol (mmol/L) 4.9 4.8 5.1 52" 5.0 5.3 5.1 4.9 5.4 5.2 5.0 5.5
Body Mass Index (kg/m2) 25.8 250 26.7 27.1° 264 279 2717 262 279 27.0 257 284
Smoking status
Never or former Smoker (%) 82.3 776 871 73.1 66.3  80.0 80.3 746  86.0 74.7 62.1 873
Current Smoker (%) 17.7 129 224 26.9 200 337 19.7 140 254 253 ¢ 127 379
Diabetes (%) 00°¢ 0.0 0.1 01°¢ 0.0 0.1 02" 0.1 0.2 02°F 0.1 03

* use with caution

* significantly different from reference category (p < 0.05)

** significantly different from reference category (p < 0.01)

¥ reference group

Notes: MmHg = millimetres of mercury and mmol/L = millimoles per litre.

Source: Statistics Canada, Canadian Health Measures Survey, Cycle 1 (2007 to 2009), linked to the Discharge Abstract Database.
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Chart 1-A
Mortality outcomes by missing teeth categories

Total

No missing crown

One to four missing crowns

Five or more missing crowns

Edentulous

o
w

@ Other reasons

10 15 20 25
weighted percentage

B Cancer

Notes: The numbers represent the weighted percentages of participants who died up to 2019.
Source: Statistics Canada, Canadian Health Measures Survey, Cycle 1 (2007 to 2009), linked to the Canadian Vital Statistics — Death Database.

Chart1-B
Hospitalization outcomes by missing teeth categories

Total

No missing crown

One to four missing crowns

Five or more missing crowns

Edentulous

o
[y
(=)
N
o

W Respiratory system

ODigestive system

30 40 50 60
weighted percentage

W Circulatory system W Cancer

Notes: The numbers represent the weighted percentages of participants who were hospitalized up to 2019.
Source: Statistics Canada, Canadian Health Measures Survey, Cycle 1 (2007 to 2009), linked to the Discharge Abstract Database.

Missing teeth, mortality, and hospitalization

Based on univariate Cox regression models, a significant
gradient in all-cause and cancer mortality was observed across
missing teeth categories in participants aged 20 to 79 years and
those aged 40 to 79 years (Table 3). This trend was further
supported by analyses treating missing teeth as a continuous
variable and by comparisons between the edentulous and
dentate populations. Each additional missing tooth was
associated with an approximately 16% increase in all-cause
mortality (hazard ratio [HR] 1.16, 95% CI: 1.09 to 1.25) and
cancer mortality (HR=1.16, 95% CI: 1.09 to 1.23) among 20-to
79-year-olds. The estimates were robust when younger or older
age groups were excluded from the analysis. However, after

adjusting for socioeconomic variables and risk factors, the
gradient of association persisted but lost statistical significance
and showed a reduced magnitude.

Cox regression results for missing teeth and hospitalization
outcomes are presented in Table 4. A clear dose-response
association was identified between missing teeth categories and
hospitalization outcomes in univariate (data not shown) and
adjusted models. In participants aged 20 to 79 years, after
adjusting for age, sex, smoking status, and diabetes, those with
five or more missing teeth demonstrated a 76% increase in the
risk of all-cause hospitalization (HR=1.76, 95% CI: 1.41 to
2.20) and a 120% increase in the risk of hospitalization from
circulatory system diseases (HR=2.20, 95% CI: 1.09 to 4.45).
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Positive  associations  between missing teeth and
hospitalizations from respiratory system disease were also
observed, with an HR of 3.62 (95% CI: 1.35 to 9.77) for
participants with one to four missing teeth compared with
participants with no missing teeth, and among the dentate
participants (HR=3.33, 95% CI: 1.17 to 9.47) compared with
edentulous participants. No significant associations were
observed between missing teeth and hospitalizations from
digestive system diseases or cancer. The estimates were robust
when younger or older age groups were excluded from the
analysis.

Discussion

This study is the first to provide time-to-event evidence on
clinically measured oral health and its association with
hospitalization and mortality outcomes in Canada.
Additionally, it is among the first studies using the multiple
linkage datasets from the CHMS. The results demonstrated that
missing teeth was significantly associated with all-cause,
respiratory, and circulatory hospitalizations in the Canadian
population living in the provinces (except Quebec and the
Atlantic provinces) aged 20 to 79 years. This association
remained robust across various sensitivity analyses, including
stratification by age groups, treating missing teeth as continuous

Table 3

or categorical variables, and extreme scenarios (e.g., comparing
edentulous participants to dentate participants). Missing teeth
was associated with all-cause and cancer mortality in univariate
analyses, but not in fully adjusted models.

Several studies have investigated the association between tooth
loss and mortality across various countries.”>*> However, it is
noteworthy that no study using nationally representative
Canadian data has been conducted until now. Though this
current study did not observe a significant association between
missing teeth—whether measured as an absolute number or in
categorized brackets—and all-cause or cause-specific mortality
in adjusted models, this is in line with some other studies
suggesting that the apparent association between tooth loss and
mortality diminishes after adjusting for key covariates, such as
age, sex, smoking status, health behaviours, and baseline
chronic diseases.’! © 3¢ It is plausible that missing teeth is
associated with mortality; however, its association is not as
strong as factors such as age, health behaviours, and
socioeconomic status. It is also plausible that missing teeth
could be an indicator of poor health and low socioeconomic
status, instead of an independent risk factor of increased
mortality. Future studies could employ directed acyclic graphs
and path analysis to further assess potential causal relationships
and quantify direct, indirect, mediating, and moderating effects.

Hazard ratios and 95% confidence intervals from Cox proportional hazards regression models for mortality, by type of mortality, Canadians aged 20
to 79 years (40 to 79 years and 20 to 59 years) from the Canadian Health Measures Survey (2007 to 2009) linked to the Canadian Vital Statistics —

Death Database

All-cause mortality

Cancer mortality

Univariable model

Multivariable model

Univariable model Multivariable model

95% 95% 95% 95%
confidence confidence confidence confidence
Hazard interval Hazard interval Hazard interval Hazard interval
ratio from to ratio  from to ratio from to ratio from to
In participants aged 20 to 79 years
Within the dentate population
No missing crowns 1.00 1.00 1.00 1.00
One to four missing crowns 3.98 " 2.09 7.58 1.29 0.32 5.18 2.87 0.85 9.68 1.11 0.04 31.00
Five or more missing crowns 9.70 3.38 27.80 1.72 0.88 3.37 7.13° 1.43 35.50 1.60 0.05 53.50
Number of missing crowns 1167 109 125 1.04 098 110 116" 1.09 1.23 1.05 097 113
Edentulous versus dentate populations
Dentate 1.00 1.00 1.00 1.00
Edentulous 5017 332 758 135 093 195 3617 2.02 6.46 0.99 030 3.29
In participants aged 40 to 79 years
Within the dentate population
No missing crowns 1.00 1.00 1.00 1.00
One to four missing crowns 4.54 0.65 31.80 211 066 6.76 3.53 0.10 127.00 1.66 0.06 42.60
Five or more missing crowns 8.98 " 4.05 19.90 2.56 0.59 11.20 7.05 0.30 164.00 2.13 0.08 59.10
Number of missing crowns 1127 106 119 1.04 096 112 1127 1.04 1.21 1.04 0.88 1.23
Edentulous versus dentate populations
Dentate 1.00 1.00 1.00 1.00
Edentulous 3317 216 508 135 086 213 2467 137 443 0.98 046 2.0
In participants aged 20 to 59 years
Within the dentate population
Number of missing crowns 115" 1.05 1.26 1.07 0.95 1.20 1177 1.03 1.33 1.05 0.78 1.40

... not applicable
* significantly different from reference category (p < 0.05)
** significantly different from reference category (p < 0.01)

1. The multivariable modeled controlled for age, sex, country of birth, smoking status, body mass index, systolic blood pressure, total cholesterol, and diabetes.

Source: Statistics Canada, Canadian Health Measures Survey, Cycle 1 (2007 to 2009), linked to the Canadian Vital Statistics — Death Database.
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This study found a significant relationship between missing  introducing further inconsistency.?”*%* In the CHMS Cycle 1,
teeth and all-cause hospitalizations and hospitalizations from  the status of wisdom teeth was not recorded; therefore, the
respiratory conditions, whether missing teeth was considered as ~ maximum number of teeth for an individual in this study was
a continuous or categorical variable. Periodontal disease, a  28. Tooth loss was reported based on the number of missing
major cause of tooth loss, contributes to systemic inflammation  teeth rather than the number of remaining teeth. Beyond
and immune dysregulation, increasing susceptibility to  measurement differences, analytical approaches to tooth loss
infections and worsening pre-existing conditions.!”3!  also lack uniformity and are often reported unclearly. Studies
Furthermore, poor oral health can impair nutrition and overall  have treated tooth count as either a continuous or categorical
immunity, further exacerbating health issues that may lead to  variable, with no consensus on appropriate categories.?*?* For
hospitalization.>** The relative lack of hospitalization data  instance, one study with a 57-year follow-up found that missing
compared with mortality data helps explain the limited teeth was significantly associated with mortality when treated
evidence and highlights the need for further research on this  as a categorical variable, but not when treated as a continuous
topic.!4?4 variable.** To address these issues, different versions of
regression analyses were performed in this study, incorporating
tooth loss as a continuous variable, a categorical variable, and
as dentate versus edentulous status. In addition, existing studies
included different covariates in their analyses, contributing to
inconsistent findings.

When comparing the results of this study with others in the
literature, the inconsistencies observed in the relationship
between tooth loss and clinical outcomes may be attributed to
significant variations in how tooth loss is measured and
analyzed across studies. The definition and assessment of tooth
count vary widely, from simple measures such as the absolute ~ Another source of difference could be the reliance on self-
number of remaining and missing teeth and edentulous statusto ~ reported tooth loss in some of the previous studies,*'** as
more complex measures such as functional masticatory  opposed to this study, which used direct clinical measurements.
status.?>* In the calculation of tooth count, some studies  Self-reported oral health data, while common in large
include dentures, while others restrict it to natural teeth only,  epidemiological studies, may be prone to some biases.**

Table 4
Hazard ratios and 95% confidence intervals from multivariate Cox proportional hazards regression models for hospitalizations, by type of hospitalization, Canadians aged
20 to 79 years (20 to 59 years and 40 to 79 years) from the Canadian Health Measures Survey (2007 to 2009) linked to the Discharge Abstract Database

All hospitalizations Digestive system hospitalizations Respiratory system | i Cancer hospitalization Circulatory system hospitalization
95% 95% 95% 95% 95%
confidence confidence confidence confidence confidence
Hazard interval Hazard interval Hazard interval Hazard interval Hazard interval
ratio from to ratio from to ratio from to ratio from to ratio from to
In participants aged 20 to 79 years
Within the dentate population
No missing crowns 1.00 1.00 1.00 1.00 1.00
One to four missing crowns 144" 111 1.88 1.36 0.59 3.14 362" 1.35 9.77 1.72 0.54 4.78 1.88 0.74 4.78
Five or more missing crowns 1.76 " 141 220 2.32 0.49 11.02 4.62 0.63 34.20 1.85 0.51 6.68 220" 1.09 4.45
Number of missing crowns 1.05 0.99 1.09 1.09 0.93 1.24 112 0.96 1.29 1.08 0.97 1.20 1.03 0.98 1.09
Edentulous versus dentate populations
Dentate 1.00 1.00 1.00 1.00 1.00
Edentulous 139 098 1.83 0.84 0.44 143 333" 117 9.47 1.63 0.49 537 1.48 066 3.33
In participants aged 40 to 79 years
Within the dentate population
No missing crowns 1.00 1.00 1.00 1.00 1.00
One to four missing crowns 1.46 0.89 2.40 1.29 0.56 297 8.03 " 1.20 53.60 1.38 032 5.85 1.07 0.62 1.86
Five or more missing crowns 1.64 0.81 3.32 1.98 0.40 9.82 10.20 0.78 134.00 1.41 0.45 4.43 1.07 0.52 2.20
Number of missing crowns 1.04 0.99 1.09 1.07 0.93 1.24 111° 1.02 1.22 1.05 095 1.17 0.99 0.95 1.03
Edentulous versus dentate populations
Dentate 1.00 1.00 1.00 1.00 1.00
Edentulous 1.34 0.98 1.83 0.79 0.44 1.43 3.09 " 1.05 9.13 1.51 034 6.75 1.41 0.76 2.62
In participants aged 20 to 59 years
Within the dentate population
No missing crowns 1.00 1.00 1.00 1.00 1.00
One to four missing crowns 1.16 074 181 1.06 059 191 3.98 " 139 1135 1.07 059 1.95 1.16 044  3.05
Five or more missing crowns 1917 123 296 2387 103 545 432" 113 1655 1.46 022 9.69 2.10 0.41 10.66
Number of missing crowns 1.08 " 1.02 1.14 1.11 0.99 1.24 1.15 0.94 1.39 1.10 0.87 1.38 1.05 0.90 1.24

... not applicable

* significantly different from reference category (p < 0.05)

** significantly different from reference category (p < 0.01)

Note: The multivariate model controlled for age, sex, smoking status, and diabetes. Pregnancy- and injury-related hospitalizations were excluded from all hospitalizations.
Source: Statistics Canada, Canadian Health Measures Survey, Cycle 1 ( 2007 to 2009), linked to the Discharge Abstract Database.
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Therefore, where possible, comparisons should prioritize
studies that performed direct clinical assessments. Additionally,
the length of the follow-up appears to influence the reported
associations between tooth loss and mortality. Some studies
observed associations at shorter follow-up periods, while others
found these associations only with longer follow-up times.? In
this study, the follow-up period spanned 10 years. While this is
substantial, it is still shorter than the average follow-up time of
13.6 years (with a standard deviation of 12.1) reported in
previous studies.”> This follow-up duration resulted in 300
mortality events. Encouraging further data linkage in future
studies could increase the number of events, potentially
narrowing Cls and yielding statistically significant results.

Strengths and limitations

The biggest strength of this study lies in it being the first to
provide time-to-event data on the association between tooth
loss, mortality, and hospitalization in Canada at the national
level. As part of the analysis, common risk factors were adjusted
for in the models to ensure robust findings. Another key
strength is that tooth loss was assessed through direct clinical
measures rather than self-reported data. The characteristics of
Canadians with different missing teeth categories were
described and compared systematically. Additionally, missing
teeth was analyzed as a continuous and as a categorical variable,
using different cut-off points informed by the data and previous
literature. Multiple sensitivity analyses were conducted to
ensure the robustness of the study findings. These included
stratification by age group and comparisons between edentulous
and dentate participants.

Several limitations of this study should be acknowledged. The
sample size from the CHMS and its linked datasets imposed
constraints on the scope of the analyses. For instance, the
Canadian Cancer Registry was not used, and more detailed
cause-specific analyses—such as deaths or hospitalizations
from coronary heart disease, stroke, or specific types of
cancer—were not feasible. Additionally, the exclusion of

participants from Quebec and the Atlantic provinces further
reduced the sample size and degrees of freedom for analyses
using the DAD, thus limiting the feasibility of detailed cause-
specific hospitalization analyses and the number of covariates
that could be adjusted in the models. Furthermore, because of
the sampling design and degrees of freedom, only a limited
number of control variables could be included in the current
analysis, potentially leading to either overestimates or
underestimates of the true association. While this study
identified an association, future research should explore
mediating factors, such as filling status or other periodontal
conditions, that may influence the relationship between tooth
loss, mortality, and hospitalization.

Conclusion

The present study contributes to the increasing body of
literature on the link between oral health and general health
using the best available Canadian data. More specifically,
missing teeth was found to be associated with increased all-
cause hospitalizations, and circulatory and respiratory
hospitalizations after adjusting for key risk factors. Tooth loss
is associated with all-cause and cancer mortality in the
unadjusted analysis, but not after adjustment.

Future research could benefit from longer follow-up periods
through continued data linkage, as this may better capture the
incubation periods and the occurrence of events of interest,
thereby confirming marginally significant findings, such as all-
cause mortality. It would also be valuable to disaggregate tooth
loss based on its causes, such as periodontal disease versus other
conditions, to identify which type of tooth loss serves as a
stronger signal. Furthermore, as other measured oral health
outcomes, oral health hygiene behaviours, and information on
socioeconomic status were available in the CHMS, it may be
worth exploring how different oral health outcomes and oral
hygiene behaviours interact with and impact key clinical
outcomes.
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