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ABSTRACT

Background: The aim of this study was to evaluate the association between
systemic non-communicable diseases (NCDs; including lung, kidney, mental and
cardiovascular diseases, rheumatoid arthritis, cancer and spinal problems),
common risk factors, and tooth loss (TL), as an endpoint of prevalent oral chronic
non-communicable diseases (NCDs; periodontitis and caries).

Methods: 73,137 non-institutionalized adults (=30 years) were evaluated, using
data from the 2019 Brazilian National Health Survey. Negative binomial
regressions were performed, adjusting for sex, age, ethnicity, educational
attainment, oral hygiene, risk factors for periodontitis and caries (diabetes,
smoking and a cariogenic diet). The dependent variable was TL expressed as a
numerical value.

Results: Diabetes, current smoking and a frequent cariogenic diet were
significantly associated with TL Incidence Risk Ratio (IRR;95%CI): 1.11(1.08-
1.14), 1.28(1.25-1.31) and 0.97(0.94-0.99), respectively. Significant associations
were observed for TL and all assessed NCDs, except for kidney diseases, cancer
and musculoskeletal diseases related to work, with IRR ranging from 1.06 for
hypertension and asthma to 1.16 for rheumatoid arthritis. Regular consumption
(4-7 days/week) of vegetables, fruits and beef; alcohol up to 8 doses/week; and
physical exercise were associated with a lower IRR for TL (p<0.05). Obesity, but
not overweight, was associated with increased TL [1.05(1.03-1.07)]. Smoking,
hypertension, arthritis, other mental diseases and spinal problems further

increased the IRR for TL in individuals with diabetes (p<0.05).



Conclusion: We conclude that certain chronic systemic conditions are
associated with TL in Brazilian adults. This is likely due to periodontitis and
shared risk factors; however causal associations cannot be examined in this
cross-sectional dataset.

Keywords: Tooth Loss, Noncommunicable Diseases, Risk Factors, Brazil.



INTRODUCTION

Tooth loss (TL) is a public health problem that generates esthetic, functional,
social and psychological harm, which impacts upon quality of life' and healthy life
years.? Data from the Global Burden of Disease 2010 studies demonstrate that
severe TL (having fewer than 9 remaining permanent teeth) was the 36" most
common health condition in humans, affecting 2% of the population.® Risk factors
for TL are multiple and complex and include age, smoking, economic status,
reason for seeking dental services, previous TL, tooth fracture, dental caries and
periodontal status.*

Since untreated dental caries and periodontitis have been described as
the two main reasons for TL in adults®, TL is ultimately the final outcome of those
diseases. They are both highly prevalent chronic non-communicable diseases
(NCDs), being considered the first (untreated dental caries in permanent teeth)
and 6th (severe periodontitis) most common conditions in humans in 2010.87
Whilst dental caries and periodontitis share some risk factors (e.g., pathogenic
plaque biofilm), the majority were found to be specific to each condition.? For
instance, while diabetes mellitus and smoking are commonly accepted risk
factors for periodontitis, refined sugar and carbohydrate intake are known risk
factors for dental caries.??

Several mechanisms have been proposed to explain potential causal
relationships between oral conditions and systemic diseases: i) disseminating
infection — where oral bacteria (or their byproducts and toxins) enter the
circulation and promote systemic injury; or ii) disseminating inflammation — where
low-grade oral inflammation contributes to the pathogenesis of other systemic

diseases'®; iii) periodontal post-translational changes - where specific



immunopathological changes within the periodontium, such as development of a
periodontal citrullinome may contribute to rheumatoid arthritis development.
However, it is also possible that those diseases develop as comorbidities due to
common risk factors, such as smoking, physical inactivity, alcohol intake,
deprivation, low educational attainment and poor nutrition.’?'3 Although the
concept of 'focal infection'' is not new, understanding dental caries and
periodontitis as NCDs has been proposed more recently.'>' In contrast,
dissemination of periodontal pathogens within the circulation may activate acute-
phase'” and oxidative stress responses'®, which may contribute to causal
pathways in addition to underlying common risk factors/behaviors. Hence, large-
scale studies assessing the association between each disease (or their endpoint
- TL) with known risk factors for NCDs and with other chronic diseases are
needed. These associations are important not only from a public health
perspective, but also for case detection of systemic and oral diseases during
medical or dental examinations to facilitate the development of individualized
interdisciplinary care plans.' Therefore, the objective of this study was to assess
the associations between systemic chronic diseases, their common risk factors,

and TL in a large national sample of community dwelling Brazilian adults.

MATERIALS AND METHODS
The Second National Health Survey - Pesquisa Nacional em Saude (PNS) is a
cross-sectional study conducted in 2019 by the Brazilian Institute of Geography
and Statistics (IBGE, Rio de Janeiro, RJ, Brazil) in partnership with the Ministry
of Health and the Ministry of the Economy. It was designed to estimate access to
and use of health services, information on households, self-perceived health

status, lifestyle, possession of chronic diseases, oral health status, primary health



care and anthropometric information. The coverage of the PNS was the entire
national territory. Three-stage cluster sampling was employed. The first stage
involved census tracts (primary sampling units); the second, households; and the
third, dwellers aged 18 years old or more residing in randomly selected
households. More details are described elsewhere.?° The protocols for the study
were approved by the National Research Ethics Commission of the National
Health Council (CONEP, Brasilia, DF, Brazil).

All examiners were previously trained. The interviews were carried out
through mobile collection devices pre-programmed with a research questionnaire
and the variables of interest. The first step was a household screening interview,
with any resident of the selected household, 15 years of age or older, who drew
up a list of the other residents. The second step involved the random selection of
one adult resident (=18 years), who answered the individual interview. Interviews
were scheduled according to the availability of the residents, with two or more
visits expected.

Data extracted from the public database were self-reported and included:
age; sex; ethnicity; educational attainment level; weight; height; oral health care
(brushing frequency); smoking; presence of chronic diseases previously
diagnosed by a physician: diabetes (excluding gestational diabetes),
hypertension (excluding gestational hypertension), hypercholesterolemia,
cardiovascular diseases (infarction, angina, heart failure, other heart disease and
stroke), asthma, lung diseases (emphysema, chronic bronchitis, chronic
obstructive pulmonary disease [COPD]), rheumatoid arthritis, kidney failure,
cancer, work-related musculoskeletal disorders (WMSD), or other physical

illnesses of over 6 months duration; presence of chronic diseases previously



diagnosed by a physician or a mental health professional: depression or other
mental illnesses (anxiety disorder, panic syndrome, schizophrenia, bipolar
disorder, psychosis, obsessive-compulsive disorder [OCD]); presence of back
problems (chronic back or neck pain, low back pain, spinal disk problems);
nutritional data: frequency of consumption of vegetables, fruits, beef, chicken,
fish, junk food (replacing lunch meal with quick snacks); frequency of alcohol
consumption; frequency and duration of physical exercise; number of missing
teeth. The frequency of a cariogenic diet was calculated by considering the
frequency of consumption of sweetened soft drinks (soda) - excluding diet/zero -
or consumption of sweetened foods, such as stuffed cookies, chocolate, jelly,
candies and other refined carbohydrates.

Data for adults aged 30 years and over, of both genders, were considered
in this study a priori. The dependent variable TL was self-reported and registered
as a numerical variable. To calculate TL, individuals answered to the following
questions: 1) ‘Remembering your permanent upper teeth, have you lost any?’;
and then 2) ‘How many permanent teeth have you lost in your upper jaw'? The
possibilities for the first question were a) No; b) Yes, some of them; or c) Yes, |
lost all my upper teeth. For responses b), the number of teeth reported in question
2) was considered. For responses a) and c), ‘0’ and ‘16’ teeth were recorded,
respectively. The same questions were made for the lower jaw and the final TL
number was calculated as the sum of lost teeth in the upper and lower jaws.

A negative binomial regression was preferred to Poisson regression due
to overdispersion of the count variable (TL), which was confirmed by the
likelihood-ratio test of alpha. Statistical adjustments were defined a priori: sex,

age, ethnicity, educational level and oral health care. For the remaining variables,



the final models were further adjusted for recognized risk factors for periodontitis
and caries: diabetes, smoking and a cariogenic diet. Individuals not reporting TL,
or not reporting of the potentially confounding variables required to adjust for
during statistical analysis were excluded from the analysis. In order to evaluate
the impact of additional co-morbidities on the association of diabetes and TL, this
subpopulation of only individuals with diabetes was evaluated, also using
adjusted negative binomial regression. A new binary outcome was created for
each individual: O- diabetes without the evaluated condition; or 1- diabetes and
the additional condition.

Sensitivity analyses were conducted by deleting the lowest dependent
variable value (0; no TL), the highest value (32; all teeth lost), or both.?' We also
conducted subgroup analysis to isolate possible periodontitis cases from caries
cases. For that purpose, we have analyzed 1) only individuals older than 50 years
of age (since periodontitis is more prevalent in older patients); and 2) only
individuals in the lowest two tertiles of cariogenic diet (up to 4 days/week).??

Databases containing the different variables were created separately to
exclude individuals with missing values and reduce bias. Therefore, some
analyses include reduced sample sizes, as fully disclosed in the appropriate
Tables. Except for demographic data, results are expressed as adjusted
incidence rate ratios (IRR) and 95% confidence interval (95% CI). All statistical

analyses were performed using software’.

* Stata 13.0, Stata Corp LLC, College Station, TX, USA.



RESULTS
This study included 73,137 eligible individuals, from which 60,271 were analyzed
(Figure 1). The final sample was comprised predominantly of females (54.5%),
those with high school or higher education (52.14%), and a mean age of 51.6£14
years. The prevalence of individuals with no TL was 16.7%, while 10% reported
being totally edentulous (32 missing teeth). Mean TL was 9.83%+11 teeth.
Approximately 94% reported brushing their teeth two or more times a day.
Overall, except for smoking, women reported physician-diagnosed chronic
diseases more often. Sociodemographic characteristics of the study population
are described in table 1.

Diabetes and current smoking, both recognized risk factors for
periodontitis, were statistically significantly associated with TL (IRR;95%ClI): 1.11
(1.08-1.14) and 1.28 (1.25-1.31), respectively. Previous/former smoking was not
statistically associated with TL. A frequent cariogenic diet (3-4 days/week and 5-
7 days/week), a recognized risk factor for caries, was significantly associated with
TL. However, confidence intervals were very close to 1, especially after
adjustments for confounding factors (Table 2).

Virtually all chronic diseases investigated were associated with TL, with
the exception of kidney diseases, cancer and WMSD. The highest IRR was
observed for rheumatoid arthritis (1.16; 1.12-119), while the lowest statistically
significant IRRs were for hypertension and asthma (1.06; 1.04-1.08 and 1.06;
1.03-1.11, respectively). The associations between all investigated systemic
NCDs and TL can be found in table 3.

However, sensitivity analysis showed that kidney diseases, but not cancer

and WMSD, is significantly associated with TL when edentulous individuals are



excluded from the analysis. Also, all other significant associations remain when
only non-edentulous individuals are considered. On the other hand, lung
diseases and mental ilinesses, in addition to kidney diseases, cancer and WMSD,
were not significantly associated with TL when only individuals with any TL (i.e.,
excluding individuals with all teeth present) were analyzed (Supplemental Table
1).

Subgroup analysis showed that most significant associations between
chronic diseases and TL remain even when considering only patients older than
50 years of age or when only the lowest two tertiles of cariogenic diet were
considered, suggesting a potential role for periodontitis on the observed
associations (Supplemental Table 2).

Exploratory analysis on the impact of co-morbidities in the association of
diabetes and TL showed that IRR may increase from 6% (diabetes and back
problems or diabetes and arthritis) to 15% (diabetes and smoking) when
compared to patients with diabetes only. Other co-morbidities significantly
associated with TL in individuals with diabetes were hypertension and mental
illnesses. The association between cardiovascular diseases with TL was omitted
due to co-linearity (Table 4).

The frequent consumption (4-7 days) of vegetables, fruits and beef was
associated with a decreased IRR for TL. Interestingly however, the consumption
of chicken and fish were statistically significantly associated with increased IRR
for TL, but with confidence intervals very close to 1. Junk food was not statistically
associated with TL (p>0.05). Physical exercise significantly decreased the IRR
for TL. Total time of weekly exercise, but not frequency of weekly physical

exercise (days/week), was statistically associated with TL, suggesting that at



least 75 minutes of weekly exercise associates with decreased TL. Obesity, but
not being overweight, was significantly associated with TL. The categories
evaluated for alcohol consumption showed a significant association with a
decreased IRR for TL, except for the most frequent category evaluated (=1
dose/day). All associations with common risk factors for NCDs can be found in

Table 5.

DISCUSSION
Tooth loss is an important health indicator, since it reflects the progression of
periodontitis and caries throughout life.>8 These diseases are the two major
causes for TL and share a number of risk factors with other NCDs. Common risk
factors include unhealthy diet, lack of physical exercise, tobacco and alcohol
consumption.?3

The current study demonstrates that diabetes mellitus and current
smoking, both recognized risk factors for periodontitis,® were significantly
associated with TL, in accordance with previous studies.?*2% More importantly,
data also demonstrates significant associations between TL and systemic NCDs,
even after adjusting for the current known risk factors of diabetes and smoking.
Given the cross-sectional nature of the data, it is not possible to attribute the
relationship between TL and systemic NCDs to either common risk factors or a
causal pathway. Also, it is important to note that although diabetes is the only
chronic inflammatory disease currently considered for estimating the rate of
periodontitis progression (grade),® additional chronic conditions — smoking,
hypertension, arthritis, other mental diseases and spinal problems - may increase

the IRR for TL in individuals with diabetes even further (Table 4).



A significant negative association between frequency of a cariogenic diet
and TL was observed in this study. Although the associations were statistically
significant (IRR 0.97), the confidence intervals ranged from 0.94 to 0.99,
suggesting a small effect size. A previous study investigating the association
between dental caries and a cariogenic diet (sugar-sweetened beverages and
sandwiches) in adults aged 30 years or older, also demonstrated a prevalence
ratio with confidence intervals very close to 1, depending upon the adjustments
performed in the final model.?® One possible explanation is the role of food
interactions in caries risk, or the fact that older adults have a more responsible
dietary pattern than children and adolescents.

Almost all NCDs investigated were associated with TL. Rheumatoid
arthritis was the condition that demonstrated the greatest association with TL. In
fact, periodontal pathogens (Porphyromonas gingivalis and Fusobacterium
nucleatum) were highly prevalent in the serum and synovial fluid of patients with
rheumatoid arthritis.?” Although some studies show a bidirectional relationship
between rheumatoid arthritis and periodontitis, related to the systemic
inflammatory response®®, the exact relationship between these two comorbidities
remains to be determined, reinforcing the need for longitudinal studies to clarify
this association.?°

The few exceptions for statistically significant associations between NCDs
and TL were cancer, WMSD and kidney disease. For cancer, similar results were
found by Abnet et al.*® and Tu et al.3!, but not by Maisoneuve et al.®?, when
pancreatic cancer was evaluated. WMSD is a prevalent condition, related to
chronic inflammation and pain.3® There are no available studies to support the

association between WMSD and oral conditions. Possible explanations for the



lack of association with TL are the high heterogeneity of affected sites, varying
from hands to back and neck, and the multi-causal nature of the disease that
includes several work conditions like routine lifting of heavy objects, daily
exposure to whole body vibration or performing repetitive forceful tasks.34
Interestingly, cancer and WMSD were consistently not associated with TL in the
sensitivity analyses performed. On the contrary, the association between kidney
disease and TL became significant when edentulous individuals were not
considered, or when total dentate and edentulous individuals were removed from
the analyses, suggesting a role for possible current periodontal inflammation and
associated oxidative stress (Supplemental Table 1).'8

Apart from the possibility of a temporal relationship between oral and
systemic NCDs, with diseases contributing to the pathogenesis of each other, it
is also possible that NCDs develop independently due to shared risk factors. The
World Health Organization suggests reducing the use of tobacco and the harmful
use of alcohol, maintaining an active lifestyle and developing a healthy diet, as
ways of reducing deaths from NCDs.?® Our results showed that the consumption
of vegetables, fruits and beef (4-7 days/week) decreased the IRR for TL. Data
from 6,887 individuals, aged 30 years or older, participating in the NHANES 2009-
10 and 2011-12, also showed that adherence to an anti-inflammatory diet was
associated with fewer missing teeth and that the dietary pattern was a modifiable
protective factor for tooth loss in the adult population of the United States.3> On
the other hand, junk food was not associated with TL in our study, even though
saturated fats in junk foods could lead to an increase in obesity, diabetes and
hyperlipidemia risk, and high salt content can raise blood pressure and contribute

to cardiovascular disease, which has already been linked to periodontitis and



poor oral health.3® Junk food in this study was considered when the respondent
informed that they had replaced the lunch meal with fast food. A possible
explanation for not finding an association in this sample can be that Brazilian
adults usually eat rice and beans as a regular daily meal, which is rich in proteins
and also there's a high consumption of fruits and vegetables, since it is a tropical
country.

Our findings demonstrated that physical exercise, in special when
performed for at least 75 minutes/week, significantly decreased IRR values for
TL. In fact, individuals who exercise 3 to 5 times a week have a lower prevalence
of periodontitis, possibly due to better habits related to food, smoking and alcohol
consumption®’, although our results suggest that total weekly time of exercise is
more important than weekly frequency. A possible explanation is that physical
exercise triggers release of dopamine and serotonin, which can improve mood
and help modulate immune responses, minimizing inflammatory mechanisms.38

Our results also showed that obesity was significantly associated with TL,
in accordance with Nascimento et al.3°, who found that obese individuals were at
higher risk of TL and edentulism (OR [95%CI] 1,49 [1,20-1,86] and 1,25 [1,10-
1,42], respectively). Masticatory quality, diet and poor oral hygiene can link these
conditions as partial or complete edentulism leads to greater ingestion of
processed and softer foods with high caloric values, high sugar and a low
nutritional value.*® Another important factor is that obese individuals can develop
insulin resistance as a consequence of a chronic inflammatory state and oxidative
stress, which could help explain the association between obesity and

periodontitis.*!



Our findings relating alcohol consumption and TL are intriguing, with a
significant IRR reduction for TL in individuals that reported alcohol intake up to 8
doses/week. Conflicting results concerning this issue are evident in the literature,
with studies showing that low dose alcohol consumption (less than 1,37 g a day)
can prevent periodontal disease progression#?, yet another study showed a
greater periodontal attachment loss, with a dose-dependent effect.*® This dose
dependent effect was also described in our results, since the most frequent
category of alcohol intake in our study (= 1 doses/day) did not show a significant
protective effect. There is evidence that some alcohol consumption (20g) can
exert ant-inflammatory effects by reducing post-prandial glucose spikes in
serum*, but such benefits are negated with higher levels of alcohol
consumption.*®

The strengths of this study are that in involved a nationwide large-scale
cross-sectional analysis of the Brazilian community dwelling adult population,
receiving a comprehensive interview related to a wide array of NCDs and
associated risk factors. However, this study also had limitations. Cross-sectional
studies are unable to provide evidence for the directionality of the association.
For instance, we cannot infer if the observed association of TL and chicken or
fish intake is due to the fact that the consumption of those foods can increase the
incidence of TL; or because they are softer diets than beef and therefore easier
to be consumed by people with existing severe TL. It is also important to highlight
that some of the associations observed in our study had confidence intervals very
close to 1, and therefore their clinical relevance should be interpreted with
caution. Another issue is that the survey was based on self-reported

questionnaires, depending on the individual's memory for accuracy. Although this



is a relevant limitation, it should also be emphasized that professional anamnesis
in dental or medical care is also dependent upon the individual's memory. Hence,
our results appear valid and applicable in the daily routine of health professionals.
A further potential limitation is self-reported tooth loss without excluding third
molars, which may have marginally impacted our prevalence data. This was
impossible to adjust for since the national survey does not provide additional data
on missing teeth. It is important that future epidemiological studies of this type
include a comprehensive oral examination not only related to TL but also the
existence of current oral NCDs. Studies evaluating the possible temporal
relationship between TL (or current oral NCDs) and all investigated systemic
NCDs and risk factors are required. Moreover, interventional studies addressing

common risk factors as adjunctive to the oral care plan are encouraged.

CONCLUSIONS
We concluded that systemic chronic conditions that exhibit shared risk factors
were associated with tooth loss. This evidence highlights the public health
problem imposed by oral NCDs that require governmental attention. From a
clinical perspective, it also highlights the need for detailed anamnesis and the
development of interdisciplinary personalized care plans, according to the

patient's medical background.
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FIGURE LEGENDS

Figure 1. Flow diagram of individuals at each stage of study.



TABLES

Table 1. Sociodemographic characteristics of included population.

Characteristics

Percentage or Mean (SD)

Male Female Total
Unweighted n 27,433 32,838 60,271
Age (years) 51.19+13.8 51.97+14.3 51.61+14.1
Race/Ethnicity:
White 39.59% 39.54% 39.56%
Black 11.33% 10.66% 10.97%
Other 49.08% 49.80% 49.47%
Education:
Elementary School 50.19% 45.92% 47.86%
High School or Higher 49.81% 54.08% 52.14%
Toothbrushing = 2 times/day  92.00% 96.21% 94.29%
Tooth Loss (n) 8.71+10.3 10.77+11.4 9.83+11.0
Number of Lost Teeth:
0 18.52% 15.14% 16.68%
1-31 72.02% 70.30% 71.08%
32 9.46% 14.56% 12.24%
Diabetes 8.91% 10.93% 10.01%
Smoking
Never 85.36% 90.18% 87.99%
Previous 0.68% 0.53% 0.60%
Current 13.96% 9.28% 11.41%
Hypertension 27.69% 33.13% 30.66%
High Cholesterol 14.67% 22.15% 18.77%
Cardiovascular Diseases 7.84% 8.34% 8.11%
Asthma 3.43% 5.83% 4.74%
Lung Diseases 1.49% 1.62% 1.56%
Arthritis (Rheumatoid) 4.87% 14.11% 9.90%
Kidney Diseases 1.67% 1.72% 1.70%
Depression 5.38% 15.25% 10.75%
Other Mental llinesses 3.40% 7.68% 5.73%
Cancer 2.75% 3.77% 3.31%
Back Problems 20.66% 26.29% 23.73%
WMSD 1.75% 2.85% 2.35%
Other chronic diseases 7.21% 10.46% 8.98%




SD: Standard Deviation. WMSD: Work- Related Musculoskeletal Disorders

Table 2. Associations between risk factors for periodontitis and caries and tooth
loss (TL).

Risk Factor Crude Analysis Adjusted Model
IRR (95% CI) P IRR (95% CI) P

Diabetes 1.69 (1.64-1.74) 0.000 1.11 (1.08-1.14) 0.000
Smoking

Never REF. REF.

Previous 0.94 (0.84-1.06) 0.328 1.08 (0.97-1.20) 0.154

Current 1.24 (1.21-1.28) 0.000 1.28 (1.25-1.31) 0.000
Cariogenic Diet

No REF. REF.

1-4 days/week 0.73 (0.71-0.74) 0.000 0.97 (0.95-0.98) 0.000

5-7 days/week 0.75 (0.73-0.77) 0.000 0.97 (0.94-0.99) 0.006

Adjusted model includes adjustments for sex, age, race/ethnicity, education and
frequency of dental brushing. IRR: Incidence Rate Ratio; REF: Reference. Bold letters
indicate statistically significant associations (p< 0.05). n=60,271.



Table 3. Associations between other chronic diseases and tooth loss (TL).

Chronic Diseases n IRR (95% CI) P

Hypertension 60,014 1.06 (1.04-1.08) 0.000
High Cholesterol 59,069 1.07 (1.05-1.09) 0.000
Cardiovascular Diseases 60,271 1.07 (1.04-1.10) 0.000
Asthma 60,271 1.06 (1.03-1.11) 0.001
Lung Diseases 60,271 1.08 (1.01-1.15) 0.016
Arthritis (Rheumatoid) 60,271 1.16 (1.12-1.19) 0.000
Kidney Diseases 60,271 1.04 (0.98-1.11) 0.194
Depression 60,271 1.11 (1.08-1.14) 0.000
Other Mental llinesses 60,271 1.07 (1.03-1.11) 0.000
Cancer 60,271 1.03 (0.98-1.07) 0.232
Back Problems 60,271 1.15 (1.13-1.17) 0.000
WMSD 60,271 1.02 (0.96-1.07) 0.563
Others 60,271 1.07 (1.04-1.10) 0.000

Adjusted for sex, age, race/ethnicity, education, frequency of dental brushing, diabetes,
smoking and cariogenic diet. IRR: Incidence Rate Ratio; WMSD: Work- Related
Musculoskeletal Disorders. Bold letters indicate statistically significant associations (p<
0.05).



Table 4. Impact of co-morbidities on the associations of diabetes and tooth loss
(TL).

Additional Condition n IRR (95% CI) P

Smoking 6,033 1.15 (1.07-1.24) 0.000
Hypertension 6,029 1.10 (1.05-1.15) 0.000
High Cholesterol 5,982 1.04 (1.00-1.09) 0.066
Asthma 6,033 1.05 (0.96-1.15) 0.288
Lung Diseases 6,033 1.07 (0.94-1.23) 0.297
Arthritis (Rheumatoid) 6,033 1.06 (1.00-1.12) 0.045
Kidney Diseases 6,033 0.98 (0.87-1.09) 0.665
Depression 6,033 1.03 (0.97-1.09) 0.409
Other Mental llinesses 6,033 1.13 (1.03-1.24) 0.007
Back Problems 6,033 1.06 (1.01-1.11) 0.012
Others 6,033 1.02 (0.96-1.10) 0.494

Adjusted for sex, age, race/ethnicity, education and frequency of dental brushing. IRR:
Incidence Rate Ratio. Only individuals with diabetes were included. Reference values
are with diabetes but without the additional condition. Bold letters indicate statistically
significant associations (p< 0.05).



Table 5. Associations between common risk factors for non-communicable
diseases and tooth loss (TL).

Risk Factor n IRR (95% CI) P




Nutrition

Vegetables and greens 60,271

0-3 days/week REF.

4-7 days 0.89 (0.88-0.91) 0.000
Fruits 60,271

0-3 days/week REF.

4-7 days 0.94 (0.73-0.80) 0.000
Red Meat 60,271

0-3 days/week REF.

4-7 week 0.95 (0.93-0.96) 0.000
Chicken 60,271

0-3 days/week REF.

4-7 days 1.02 (1.00-1.04) 0.025
Fish 60,271

0-3 days/week REF.

4-7 days 1.01 (1.00-1.01) 0.011
Junk Food 60,271

0-3 days/week REF.

4-7 days 0.97 (0.92-1.02) 0.255
BMI 59,938

Normal REF.

Overweight 1.01 (0.99-1.03) 0.426

Obesity 1.05 (1.03-1.07) 0.000
Alcohol
Alcohol Consumption 53,192

Never REF.

Up to 1 dose/week 0.82 (0.80-0.85) 0.000

> 1 to 7 doses/week 0.85 (0.82-0.88) 0.000

> 8 doses/week 0.84 (0.81-0.88) 0.000

2 1 doses/day 0.98 (0.92-1.04) 0.440
Physical Exercise 60,271

Yes 0.89 (0.87-0.90) 0.000

No REF.
Physical Exercise 23,616

1-2 days/week 1.03 (1.00-1.06) 0.071

3-5 days/week REF.

6-7 days/week 1.03 (0.99-1.07) 0.206
Physical Exercise 22,908

< 75 minutes/week 1.09 (1.04-1.15) 0.000

75-150 minutes/week REF.

> 150 minutes/week 0.96 (0.93-1.00) 0.024

Adjusted for sex, age, race/ethnicity, education, frequency of dental brushing, diabetes,
smoking and cariogenic diet. TL: Tooth Loss; IRR: Incidence Rate Ratio; REF:
Reference; BMI: Body Mass Index. Bold letters indicate statistically significant
associations (p<0.05).
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