Association between tooth loss and hypertension:
A cross-sectional study

Rajesh Hosadurga’, Htoo Htoo Kyaw Soe?, Amelia Tan Peck Lim?, Abdul AdI?,
Melwin Mathew!

Departments of Periodontics, Faculty of Dentistry, “Deprtment of Community Medicine, Faculty of Medicine, Melaka-Manipal
Medical College, *Faculty of Dentistry, Melaka-Manipal Medical College, Malaysia

ABSTRACT

Context: Cardiovascular diseases (CVD) are one of the leading causes of premature deaths among noncommunicable disease.
Hypertension increases the risk of cardiovascular events. In addition to well-known risk factors for hypertension like obesity, lack
of physical activity, studies have shown independent association between tooth loss and increased blood pressure and stroke.
However, the relevant literature is not conclusive. Aims: Aim of our study was to investigate the association between tooth loss
and increased blood pressure among adult patients. Methods and Material: A cross-sectional study among 270 adults aged
20-59 years was conducted. The dependent variables were systolic blood pressure (SBP) and diastolic blood pressure (DBP). The
main exploratory variable was the number of self-reported natural teeth for each dental arch. They were recorded as 10 or more
natural teeth, less than 10 natural teeth, and no natural teeth. Data were analyzed using descriptive statistics, independent t-test,
ANOVA, and multiple linear regression analysis. Results: Mean SBP was 125.3 mmHg and DBP was 78.9 mmHg. Moreover, 29.3%
of participants had hypertension, 8.9% were edentulous, 22.8% had lost more than 10 teeth, and 68.3% had lost less than 10 teeth.
Increased SBP was seen with increased tooth loss among participants. After adjusting for all covariates, no significant association
between tooth loss and SBP and DBP was seen. Conclusions: The mean SBP was higher among the participants who were edentulous
than partially edentulous. However, there was no significant association between tooth loss and SBP and DBP after adjusting for
confounding factors.
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Introduction

Cardiovascular diseases (CVD) are one of the leading causes
of premature deaths among noncommunicable diseases
wortldwide.m CVD related premature deaths are higher in
developing countties compared to the developed countties.?
Malaysia is classified as a developing country.!! The prevalence
of hypertension in Malaysia was 66.8%, with 45.8% having
prehypertension, 15.1% having Stage 1 hypertension, and 5.9%
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having Stage 2 hypertension. In a multivariate analysis, a higher
likelihood of having prehypertension was observed among
respondents with advancing age, males, Malay ethnicity, lower
socioeconomic status, and excessive weight.! Hypertension
increases the risk of vatrious cardiovascular events.” Tooth loss
and periodontal disease are considered to be markers of oral
inflammation. Tooth loss is failure of oral health and complete
tooth loss is a total failure of oral health.! The prevalence of
edentulism in United States is around 30—-35% among older adults
and while in Malaysia it is around 30-40%.1"

In addition to well-known risk factors for hypertension;
obesity, lack of physical activity, smoking, low, income, and
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low education level, several studies have shown independent
association between tooth loss and increased blood pressurel™'4
and stroke.'*'" However, the relevant literature is not conclusive
about the association. Volzke ef a/. (2006) study showed an
inverse association between number of teeth, blood pressure, and
hypertension among men but not in women."” The same authors
in 2007 reported an inverse relationship between tooth loss and
left ventricular mass, a major cardiac sequel to hypertension.!'s) A
multidisciplinary population-based study reported an association
between tooth loss and increased levels of systolic blood
pressure (SBP) in Brazilian population.'” A study in South
Affrican population reported that complete edentulousness is
a risk indicator for hypertension.'® A positive association was
noted in a study in Malaysian population between tooth loss and
hypertension in postmenopausal women.!'") However, most of
the studies have focused on older population and fewer studies
have targeted Asian population. Furthermore, there is a need for
further studies on diverse populations to strengthen the evidence
for association between hypertension and tooth loss. Hence,
the aim of our study was to investigate the association between
tooth loss and increased blood pressure among adults who were
attending the Outpatient Department, Faculty of Dentistry.

Subjects and Methods

A cross-sectional study was conducted among adults aged
20-59 years reporting to the Outpatient Department, Faculty
of Dentistry, of the private medical college of Malaysia. The
sample size was calculated using the formula for single population
proportion with the margin of error 5%, the assumption of 95%
confidence level, and 81% of tooth loss more than 10 teeth in
both arches.!'"? The minimum sample size required was 245. We
also included 10% for refusal and the final sample size required
was 270. Nonprobability (purposive sampling) was used to select
the participants. All subjects aged 20-59 years reporting to Out
Patient Department, Faculty of Dentistry, Melaka-Manipal
Medical College, Malaysia were eligible to participate. Ethical
approval was obtained from Human and Ethics Committee
(Date of approval - 07-03-2016), Faculty of Dentistry of
Melaka-Manipal Medical College. Informed consent was taken
from each participant. Subjects with decreased physical mobility
such as amputees, those with an arm cast, pregnant women who
are within 6 months from delivery, individuals who could not
remain in proper position for the required measurements, those
on antihypertensive medication, those who could not answer the
questionnaire were excluded from the study.

The study procedureincluded a face to face interviewer-administered
printed questionnaire, two blood pressure measurements
and anthropometric measurements (height and weight). The
dependent variables were systolic blood pressure (SBP) and
diastolic blood pressure (DBP). SBP and DBP were assessed as
continuous variables. Blood pressure levels were measured using
a calibrated manual mercury sphygmomanometer (Accoson®).
Blood pressure levels were calculated as the average between the
two measurements taken with approximately 10-min interval.
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Blood pressure measurements were taken with the participant
in a sitting position, with their feet planted on the floor, left arm
relaxed and supported on a table at heart level, and with the palm

Pl People with undiagnosed hypertension were

facing upward.
referred to the physician for further evaluation. The number of
self-reported natural teeth for each dental arch was recorded
as follows: 10 or more natural teeth, less than 10 natural teeth,
and no natural teeth. We created a variable for each individual,
including those with 10 or more natural teeth in both arches,
less than 10 teeth in at least one arch, and edentulous (no natural

teeth in both arches).

With reference from previous studies,!'” we considered age,
smoking status, and other variables including demographics,
socioeconomic position, health behaviors, diabetes, wearing
a dental prosthesis, body mass index, and self-rated general
health as the controlling variables. Age was categorized into
four groups (20-29, 30-39, 40—49 and 50-59 years). We
categorized education as primary school, secondary school,
preuniversity, undergraduate, postgraduate education. Monthly
per capita income was expressed in MYR (Malaysian Ringgit)
and calculated as the sum of all earnings by all family members
in the last month before the interview divided by the number
of residents in the house; this was also analyzed as a continuous
variable. Smoking status was assessed as: never smoked, former
smoking, light current smokers (less than 10 cigarettes daily),
moderate current smokers (10-20 cigarettes daily), and heavy
current smoking (more than 20 cigarettes daily). The latter two
categories were merged into one for analysis. The Alcohol Use
Disorders Identification Test (AUDIT) was used to identify
persons with hazardous and harmful alcohol consumption
patterns.”!! Physical activity was assessed through a questionnaire
used in the Telephone-based Surveillance of Risk and Protective
Factors of Chronic Diseases (VIGITEL) in Brazil.? This was
based on leisure-time physical activity, with inactive individuals
defined as those who did not undertake any physical activity in
leisure time or practiced less than once a week in the 3 months
preceding the interview.” The interviewers asked participants
whether they had ever been told by the doctor that they had
diabetes. The self-reported use of dental prosthesis was a binary
variable (yes versus no). Anthropometric measurements were
considered. Weight was measured in kg and recorded twice using
a portable and calibrated balance. Weight was recorded when the
patients wore light clothing. They were asked to stand with their
feet placed together and arms hanging beside the body. Height
was measured twice using Stadiometer with a rigid measuring tape
of 1 mm resolution. The average of the two measurements was
taken as individual height. BMI was calculated and participants
were categotized into obese (BMI <30 kg/m?), overweight (BMI
between 25.0 and 29.9 kg/m?), and eutrophic (BMI <25 kg/m?).
The observers were calibrated for intra and interexaminer
reliabilities.

At least two attempts were made to identify eligible adults when
they enter the OPD before undergoing treatment. Cases were

considered missing when the subjects refused to participate and
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incomplete questionnaires. The reliability of the measurement of
outcome variables was assessed using 10% of the total sample
size (n = 270) for quality control. The intraclass correlation
coefficient value for SBP and DBP wete above 0.7.

After checking and coding the questionnaire, we used SPSS
version 12 for data entry and data analysis. Descriptive statistics
such as frequency and percentage were calculated for categorical
variables, and mean and standard deviation were calculated
for quantitative variables. We performed independent #test
and ANOVA for bivariate analysis between the association
between independent variables including tooth loss and the
outcome variable (SBP and DBP). Multiple linear regression
models were also used to investigate the association between
outcomes (SBP and DBP) with the main exposure (tooth loss)
after adjusting for potential confounders. Firstly, demographic
variables (age and sex) were included in the models, followed
by socioeconomic position (per capita income and education),
health-related behaviors (alcohol consumption, smoking status,
physical activity, and BMI), health outcomes (diabetes and
wearing dental prosthesis), and, finally, self-rated health. The
final linear multivariable regression model was adjusted for all
aforementioned covariates. The regression coefficient and its
95% confidence interval were calculated. Statistical significance
was determined using P values less than 0.05.

Before data collection, the purpose of the study was explained to the
respondents. Participation was strictly voluntary and the autonomy
of the respondents was respected. Written informed consent was
taken from each participant. Confidentiality was maintained and
anonymity of respondents was ensured. In addition, data were kept
secured and available only to the statistician. This study was approved
by the research committee of faculty of dentistry of our college.

Results

A total of 269 participants from the Out-Patient Department
of Taculty of Dentistry, Melaka-Manipal Medical College
participated in this study. Table 1 displays the main characteristics
of the studied sample. The mean SBP was 125.37 mmHg (SD
20.50), DBP was 78.87 mmHg (11.95), and 21.6% of participants
had hypertension defined as SBP/DBP of >130/80 mmHg.""
For tooth loss, 6.7% were edentulous, 16.7% had lost more than
10 teeth in both arches, and 76.6% had lost less than 10 teeth in
both arches [Table 1, Appendix 1].

There was a significant association between tooth loss and
SBP (P-value 0.001). The mean SBP was highest among
edentulous (mean 136.00) followed by participants with teeth
loss of more than or equal to 10 (mean 133.07) and less than
10 teeth loss in at least one arch. For DBP, the participants with
tooth loss more than or equal to 10 had highest mean DBP of
135.60 followed by edentulous (mean 80.67) and teeth loss of
less than 10 (mean 77.96). However, there was no significant
association between tooth loss and DBP. The bivariate analysis
of association between other variables such as sociodemographic
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characteristics, BMI, smoking, alcohol, prosthesis, and SBP and
DBP are shown in Table 2 [Appendix 1].

Multiple linear regression analysis for the association between
tooth loss, other variables and systolic and diastolic blood
pressure is shown in Table 3. The participants with partial tooth
loss had lower SBP than edentulous (regression coefficient
b -5.34; 95% CI -14.48 to 3.79). For DBP, partial tooth loss had
higher DBP than edentulous (regression coefficient b 1.7; 95%
CI -3.65 to 7.04). After adjusting for other covariates, there
was no significant association between tooth loss and SBP
and DBP. There was also no significant association between
ethnicity, education level, smoking, alcohol consumption, physical
activity, presence of diabetes and use of dental prosthesis,
and SBP and DBP. However, male had significantly higher
SBP (regression coefficient b 7.66; 95% CI 2.45 to 12.87) and
higher DBP (regression coefficient b 5.47; 95% CI 2.42 to 8.52)
than female. Regards to age, the participants who were 40—49
and 50-59-year-old had significantly higher SBP and DBP than
the participants who were aged 20-29 years. The participants
who were obese had significantly higher SBP (regression
coefficient b 9.88; 95% CI 1.80 to 17.96) and DBP (regression
coefficient b 4.98; 95% CI 0.25 to 9.72) than normal weight.
The DBP was significantly lower among underweight than
normal weight (regression coefficient b -9.25; 95% CI -14.82 to
03.606) [Table 3, Appendix 1].

Discussion

This cross-sectional study was done to determine the association
between tooth loss and increased blood pressure among
adults in the Malaysian population. The mean SBP was higher
among the participants with increased tooth loss and 25% had
undiagnosed hypertension. However, multivariate regression
analysis showed no significant association between SBP and tooth
loss after adjusting confounding variables. Peres e a/. reported
a significant association between increased SBP and tooth loss.
Their study was conducted in a multidisciplinary population in
Brazil.'l However, our study followed a similar protocol to the
above-mentioned study but our results differed from their study.
It could be due to the fact that our study was conducted in a
clinical setting in a multi-ethnic Asian population.

The hypothesis that suggests a link between tooth loss and risk
of hypertension is chronic immune dysfunction. Oral diseases
like periodontitis lead to a hyperactive immune response. The
endothelial cells lining the blood vessels are the primary target of
hyperactive immune response cells leading to a procoagulatory
state. In health, endothelial cells maintain vasodilator,
antithrombotic, and anti-inflammatory state. Periodontitis, one
of the major causes of tooth loss causes low-grade inflammation
and might contribute to hypertension.!"! However, the
epidemiological data do not show any strong causal association.

In a systematic review, two out of four moderate-to-high quality
studies reported a relationship between a number of teeth and
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all-cause mortality.™ Few studies have investigated whether
the prosthodontic replacement of missing teeth can affect
all-cause mortality. Two studies showed effect of prosthodontic
replacement on all-cause mortality. The authors have suggested
that it is still not clear whether the other risks apart from
circulatory mortality can reduce the risk of effect of reduced

number of teeth on all-cause mortality.*!

While trying to find the association between tooth loss and
SBP, it is not clear if noninflammatory causes of tooth loss, for
example, acute trauma, can confound the results. Besides, very
few studies have studied if there is an association between the
duration of tooth loss and hypertension. Furthermore, there
are inherent problems with self-reported tooth loss like recall
bias about the cause or duration of tooth loss. This problem
is compounded in developing countries where oral health may
not be among the top priority list in healthcare. Regular dental
treatment may be luxury which not all people can afford due to

socioeconomic reasons.*"

Nonetheless, several studies have reported an association between
tooth loss and hypertension.['"*** Mustafa Al-Ahmad BE e/ a/.
in a cross-sectional study found that tooth loss is significantly
associated with hypertension in postmenopausal women.['”) A
study in Korean population found interaction between tooth

loss and ischemic stroke.?®

! In a short-term prospective cohort
study, a significant association was found between the presence
of periodontal disease and hypertension in Japanese university
students. But, the risk of prehypertension was not associated
with presence of periodontal disease.” A recent systematic
review reported that the evidence suggesting that the treatment
of inflammatory diseases like periodontitis could reduce BP is
inconclusive. The authors opined that oral health assessment and
management of periodontal disease could not only improve oral
and overall health and quality of life but also be of relevance in
the management of patients with hypertension.”? A systematic
review assessing evidence from Mendelian randomization and a
randomized controlled trial of nonsurgical periodontal therapy
reported a causal relationship between periodontitis and BP was
observed. The authors suggested that this provides proof of
concept for the development of clinical trials in a large cohort

of hypertensive patients.”*!

Few knowledge, attitude, and practice (IKAP) studies about the
bidirectional relationship have been conducted among primary
caregivers. The village health teams (VHTS), have the potential
to play an important role in improving community awareness
of noncommunicable disease (NCDs) as well as monitoring
and referral of community members for NCD-related health
issues.”’ More studies need to be done to assess the KAP
among primary health caregivers regarding the above-mentioned
topic. By improving awareness and providing proper training
on recognizing and disseminating information about the
bidirectional relationship between oral health care and systemic
disease, primary caregivers can monitor and refer community
members for early intervention. To accomplish this, they
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anticipated requiring context-specific and culturally adapted
training as well as strong partnerships with facility-based medical

personnel.”’!

Conclusion

Mean SBP was higher among the participants with increased
tooth loss. However, when confounding factors were adjusted
there was no significant association between SBP and tooth
loss. Almost one-fourth of the participants had undiagnosed
hypertension. While studies are yet exploring the relationship
between tooth loss and hypertension, it is essential that these
findings need to be discussed with primary care providers.
Further studies on interprofessional practice among dentists and
physicians in the management of noncommunicable disease and
hypertension are required.
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Appendix 1

Table 1: Characteristics of the studied adult

population (n=269)

Variable n (%)
Gender

Male 119 (44.2)

Female 150 (55.8)
Age (years)

20-29 63 (23.4)

30-39 36 (13.4)

40-49 55 (20.4)

50-59 115 (42.8)
Ethnicity

Malay 94 (34.9)

Chinese 134 (49.8)

Indian 41 (15.2)
Educational Level

Primary School 29 (10.8)

Secondary School 132 (49.1)

PreUniversity 21 (7.8)

Undergraduate 75 (27.9)

Postgraduate 12 (4.5)
Per Capita Family Income

Higher tertile (>RM 5000) 91 (33.8)

Intermediary tertile (RM2000-RM5000) 102 (37.9)

Lower tertile (SRM2000) 76 (38.3)
Smoking status

Never 227 (84.4)

Former 12 (4.5)

Current 30 (11.2)
Alcohol Consumption

No 223 (82.9)

Yes 46 (17.1)
Physical activity (IPAQ score)

HEPA 116 (43.1)

Inactive 69 (25.7)

Minimally active 84 (43.1)
Body Mass Index (kg/m?)

Underweight (<18.5 kg/m?) 16 (5.9)

Normal (18.5-24.9 kg/m?) 153 (56.9)

Overweight (>25.0 kg/m?) 72 (26.8)

Obese (>30.0 kg/m?) 28 (10.4)
Diabetes

No 240 (89.2)

Yes 29 (10.8)
Use of dental prosthesis

No 173 (64.3)

Yes 96 (35.7)
Tooth loss

Edentulous 18 (6.7)

<10 teeth loss at least in one arch 206 (76.6)

210 teeth loss in both arches 45 (16.7)
Hypertension

Yes 58 (21.6)

No 211 (78.4)

Systolic Blood Pressure®
Diastolic Blood Pressure?

12537 (20.50)
78.87 (11.95)

“Mean (SD)
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Table 2: Bivariate analysis of the association between tooth loss, other variables and systolic blood pressure (SBP) and

diastolic blood pressure (DBP)

Variable Systolic Blood Pressure (mmHg) Diastolic Blood Pressure (mmHg)
Mean (SD) P Mean (SD) P
Tooth loss®
Edentulous 136.00 (24.82) 0.001 80.67 (13.12) 0.076
<10 teeth loss in at least one arch 122.76 (18.70) 77.96 (11.82)
210 teeth loss in both arches 133.07 (20.50) 135.60 (11.95)
Gender*
Male 130.90 (17.47) <0.001 82.46 (10.80) <0.001
Female 120.98 (21.69) 76.02 (12.08)
Age (years)®
20-29 111.60 (14.49) <0.001 71.16 (10.85) <0.001
30-39 117.50 (15.73) 76.83 (12.89)
40-49 131.05 (18.25) 81.89 (10.306)
50-59 132.65 (21.14) 82.29 (10.93)
Ethnicity”
Malay 127.15 (21.12) 0.508 80.35 (12.57) 0.318
Chinese 124.86 (19.25) 78.22 (11.52)
Indian 122.37 (20.50) 77.61 (11.83)
Educational Level®
Primary School 127.45 (23.7) 0.001 79.93 (10.78) 0.003
Secondary School 129.77 (19.18) 81.21 (11.29)
PreUniversity 126.33 (17.65) 78.76 (12.14)
Undergraduate 117.43 (19.30) 74.45 (12.30)
Postgraduate 119.83 (25.32) 78.33 (13.32)
Per Capita Family Income®
Higher tertile 121.95 (17.82) 0.003 76.82 (11.806) 0.017
Intermediary tertile 123.82 (20.13) 78.36 (11.87)
Lower tertile 131.96 (22.60) 82.00 (11.69)
Smoking status®
Never 124.51 (21.06) 0.199 78.28 (12.23) 0.130
Former 134.17 (23.66) 83.75 (11.15)
Current 128.33 (13.05) 81.53 (9.32)
Alcohol Consumption®
No 125.83 (21.09) 0.417 79.18 (11.84) 0.344
Yes 123.13 (17.39) 77.35 (12.50)
Physical activity IPAQ score)®
HEPA 125.34 (17.21) 0.748 79.11 (11.65) 0.465
Inactive 126.78 (21.87) 79.97 (12.52)
Minimally active 124.24 (23.49) 77.63 (11.92)
Body Mass Index”
Underweight 114.13 (19.22) 0.001 67.00 (9.96) <0.001
Normal 122.94 (21.89) 77.93 (12.32)
Overweight 128.93 (17.98) 81.11 (9.51)
Obese 135.89 (12.70) 85.00 (11.35)
Diabetes®
No 124.60 (20.89) 0.075 78.58 (12.30) 0.131
Yes 131.76 (15.85) 81.24 (8.27)
Use of dental prosthesis®
No 123.73 (20.82) 0.079 77.89 (12.01) 0.071
Yes 128.31 (19.68) 80.64 (11.70)

PANOVA; “Independent t-test; P value<0.05 is significant
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Table 3: Multiple linear regression analysis of the association between tooth loss, other variables, and systolic and
diastolic pressure

Variable Systolic Blood Pressure (mmHg) Diastolic Blood Pressure (mmHg)
Adjusted b (95% CI) P Adjusted b (95% CI) P

Tooth loss

Edentulous Reference Reference

Partial tooth loss -5.34 (-14.48, 3.79) 0.250 1.70 (-3.65, 7.04) 0.533
Gender

Female Reference 0.004 Reference

Male 7.66 (2.45, 12.87) 5.47 (2.42, 8.52) <0.001
Age (years)

20-29 Reference Reference

30-39 3.58 (-5.30, 12.46) 0.428 3.97 (-1.23, 9.16) 0.134

40-49 16.69 (7.65, 25.73) <0.001 9.08 (3.78, 14.37) 0.001

50-59 20.86 (12.70, 29.02) <0.001 10.64 (5.86, 15.42) <0.001
Ethnicity

Malay Reference Reference 0.050

Chinese -4.35 (-9.73, 1.03) 0.113 -3.15 (-6.30, -0.01) 0.090

Indian -6.54 (-13.60, 0.53) 0.070 -3.58 (-7.71, 0.56)
Educational Level

Primary School Reference Reference

Secondary School 3.13 (-4.56, 10.81) 0.424 1.16 (-3.34, 5.66) 0.611

PreUniversity -2.08 (-12.69, 8.53) 0.700 -2.56 (-8.78, 3.65) 0.417

Undergraduate 2.72 (-6.59, 12.02) 0.566 0.94 (-4.51, 6.39) 0.735

Postgraduate -1.57 (-14.42,11.27) 0.810 0.90 (-6.62, 8.42) 0.814
Smoking status

Never Reference Reference

Former 2.10 (-9.21, 13.41) 0.714 -0.450 (-7.07, 6.17) 0.894

Current -5.77 (-13.59, 2.05) 0.147 -2.75 (-7.33, 1.83) 0.238
Alcohol Consumption

No Reference 0.986 Reference 0.880

Yes 0.06 (-6.25, 6.36) -0.28 (-3.98, 3.41)
Physical activity (IPAQ score)

HEPA Reference Reference

Inactive 0.57 (-5.01, 6.15) 0.840 0.29 (-2.98, 3.50) 0.862

Minimally active 1.46 (-3.76, 6.67) 0.582 0.25 (-2.80, 3.31) 0.870
Body Mass Index

Normal Reference Reference

Underweight -4.49 (-14.02, 5.04) 0.355 -9.25 (-14.83, -3.606) 0.001

Overweight 2.89 (-2.57, 6.36) 0.298 1.32 (-1.88, 4.52) 0.416

Obese 9.88 (1.80, 17.90) 0.017 4.98 (0.25,9.72) 0.039
Diabetes

No Reference Reference

Yes -5.15 (-13.02, 2.72) 0.199 -4.49 (-9.10, 0.12) 0.056
Use of dental prosthesis

No Reference Reference

Yes -0.94 (-6.02, 4.14) 0.717 0.54 (-2.43, 3.52) 0.719

b: regression coefficient; 95% CI: 95% confidence interval; P value<0.05 is significant
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