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Background/Obijective: Tooth loss is common among older adults and can affect die-
tary intake and weight status. This study investigated associations between dentition
status and body mass index (BMI) in older adults.

Materials and Methods: This was a cross-sectional study of data from a conveni-
ence sample of older adults (65-89years) treated at an urban U.S. dental school
clinic. Clinical and demographic data were obtained from electronic health records.
Dentition status was determined based on data from odontograms. Multinomial logis-
tic regression was used to estimate the odds ratio (OR) and 95% confidence interval
(Cl) of having a non-normal weight status for each measure of dentition status, after
adjusting for covariates.

Results: Patients (h=1765) were 54.1% female, 51.5% White, 41.6% African American
and 22.5% Hispanic/Latino. The median (interquartile range [IQR]) age was 71 (67.0-
75.0) years; the mean (+SD) BMI was 28.5 (+5.7) kg/mz; 72.5% were overweight or
obese. The median (IQR) number of remaining teeth was 20.0 (13.0-24.0); the median
numbers of anterior and posterior occluding pairs of teeth were 5.0 (2.0-6.0) and
2.0 (0.0-5.0), respectively; and 44.9% had a functional dentition (>21 teeth). Having
a higher number of remaining teeth and more posterior occluding pairs were asso-
ciated with lower odds of obesity (OR=0.980, 95% Cl=0.964, 0.997, p=.022 and
OR=0.931, 95% Cl=0.885, 0.980, p=.006, respectively). Lack of a functional denti-
tion was associated with higher odds of obesity (OR=1.400, 95% Cl=1.078, 1.818,
p=.012), after controlling for covariates.

Conclusion: Older adults with tooth loss - especially loss of posterior occlusion and

lack of a functional dentition - were more likely to be obese than of normal weight.
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1 | INTRODUCTION

Tooth loss is a common problem faced by adults aged 65years and
older.* Approximately 30% of older adults worldwide are edentu-
lous.* By contrast, approximately 17% of U.S. older adults are eden-
tulous, and 55% lack a functional dentition (defined by Dye et al.
as the presence of at least 21 remaining teeth).®> While the overall
prevalence of edentulism is decreasing, racial, ethnic and socioeco-
nomic disparities put specific populations at higher risk of tooth
loss.® Furthermore, tooth loss is a progressive condition that devel-
ops over the life course and is multifaceted in its aetiology.5 While
the adaptive response to tooth loss differs among individuals, tooth
loss and oral dysfunction significantly affect the ability to bite, chew
and swallow, negatively impacting appetite, diet quality, nutrient
intake, eating-related quality of life (ERQOL), weight and nutrition
status.®™’

Concurrent with oral dysfunction, the risk of malnutrition is
higher among older adults.®®2° According to the World Health
Organisation (WHO), malnutrition “refers to deficiencies or excesses
in nutrient intake, imbalance of essential nutrients, or impaired nu-
trient utilization. The double burden of malnutrition consists of both
undernutrition and overweight and obesity, as well as diet-related
noncommunicable diseases”.?! Progressive tooth loss (and eden-
tulism, its endpoint) can lead to unintentional weight changes and
malnutrition.}®*2Y7 |mpaired dentition and subsequent difficulty
in biting and chewing can lead to suboptimal micronutrient, pro-
tein and energy intake due to food avoidance, and this may result
in unintentional weight and body composition changes and a higher
risk of malnutrition.’®™*> Nutrient-dense foods high in fibre (such as
fresh fruits, vegetables, nuts, grains and some protein sources) are
avoided by many older people due to difficulty biting and chewing,
which can lead to weight loss and loss of muscle mass.®”? At the
same time, tooth loss and subsequent oral dysfunction can also lead
to a shift in the types of foods consumed, as well as higher intake
of calorically dense higher fat, sugar and calorie foods, resulting in
weight gain and obesity.10121¢

These changes in diet seen in older adults with tooth loss, includ-
ing a lower intake of protein-rich foods, can also negatively impact
body composition, leading to sarcopenia (the loss of muscle mass
and function).?0-2* Although sarcopenia can occur with or without
obesity, sarcopenic obesity is “the co-existence of excess adiposity
and low muscle mass”.?®> Moynihan and Teo's scoping review of oral
function, protein intake and sarcopenia found that tooth loss neg-
atively impacts protein intake, and this can lead to reduced muscle
mass.?2 In turn, this reduced muscle mass may affect masseter mus-
cle function, thus decreasing chewing ability.22 While not the sub-
ject of this research, the association between sarcopenia, obesity
and tooth loss merits mention, because it is one of several potential
causes of why older adults with tooth loss and obesity can be at risk
of malnutrition and loss of muscle, which further exacerbates oral
dysfunction.22

While there is a substantial body of research on dentition sta-
tus, nutrition and weight status, there has been a paucity of U.S.

research on the associations between dentition status and weight
status in older adults in the past two decades. In 2003, Sahyoun
etal.® explored the association between the number of posterior oc-
cluding pairs of teeth and nutritional status among U.S. older adults
and found that those with 5-8 posterior occluding pairs had a lower
mean BMI (27.2 kg/mz) than those with 1-4 posterior occluding pairs
(28.0kg/m2),6 but, both mean BMI values were in the overweight
range (25.0-29.9 kg/m?).

Different approaches have been used globally to define and
categorise tooth loss and anterior and posterior occluding pairs of
teeth and, subsequently, analyse the associations between denti-
tion and weight status. Gaewkhiew et al. (Thailand, 2019),2° Torres
et al. (Brazil, 2013),% Perera et al. (Sri Lanka, 2012),%” and Sheiham
et al. (United Kingdom, 2002)?® found that poorer dentition sta-
tus, more missing teeth, a lack of a functional dentition and fewer
posterior or anterior occluding pairs of teeth (with or without den-
ture use) were associated with a higher likelihood of being under-
weight. Hilgert et al. (Brazil, 2009),%? Torres et al. (Brazil, 2013),%
and Sheiham et al. (United Kingdom, 2002)% found that poor den-
tition status, be it more missing teeth or lack of a functional den-
tition (with or without denture use) were associated with a higher
likelihood of being overweight or obese, while Gaewkhiew et al.
(Thailand, 2019)?° found no associations between dentition status
and obesity.

With the continued challenges of tooth loss, obesity (with or
without sarcopenia) and malnutrition among older adults, further
studies are needed to elucidate the associations and consider appro-
priate interventions. Accordingly, the primary aim of this study was
to investigate the associations between dentition status (assessed as
the number of remaining teeth, anterior and posterior occluding pairs
of teeth and the presence of a functional dentition) and weight status
(as measured by BMI) in community-dwelling older adults treated at
an urban school of dental medicine clinic in the northeast U.S. Given

the heterogeneity of previous findings,?> %’

we hypothesised that
there would be no associations between BMI and measures of denti-
tion status including (1) the number of remaining teeth, (2) the num-
ber of anterior occluding pairs of teeth, (3) the number of posterior

occluding pairs of teeth and (4) having a functional dentition.

2 | MATERIALS AND METHODS

This was a cross-sectional study of data from a convenience sam-
ple of older adult patients seen in an urban northeastern U.S. dental
school clinic between July 2016 and April 2022. The sample was
limited to all patients 65-89 years of age who had complete data to
calculate their BMI and complete odontograms (dental charts) to en-
able assessment of dentition status. Patient records that were miss-
ing demographic information but had BMI and dentition data were
included in the analyses. This study was approved by the institu-
tion's institutional review board (IRB) (Protocol #2021000687).

All data were collected as part of routine care and were obtained
in an electronic report from the clinics' electronic health records
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(EHRs) (Axium, EXAN, Vancouver, BC, Canada).3%3! Patient height
was obtained by student dentists in the clinic using a stadiometer or
was self-reported by the patient. Weight was either obtained by the
assigned student dentist using a digital scale or was self-reported by
the patient. Height and weight were used to calculate BMI by divid-
ing weight (measured in kilograms) by height squared (measured in
metres). BMI was reported and analysed as both a continuous and
categorical variable.

The number of remaining teeth was reported as a continuous
variable from O to 28 (third molars were excluded from analyses).'8
The number of anterior and posterior occluding pairs of teeth was
coded based on the presence of both the upper and corresponding
lower teeth of the occluding pair.!® The total number of anterior oc-
cluding pairs of teeth was reported on a scale of O to 6, including the

incisor and canine teeth.'®

The total number of posterior occluding
pairs of teeth was reported on a scale of O to 8, including the tooth
surfaces distal to the right and left canine teeth and two sets of pre-
molars and first and second molars (but not the third molars).® The
presence of a functional dentition (defined as having 221 teeth)® was
analysed as a dichotomous variable (present or absent) calculated
from the total number of remaining teeth. Denture type (partial or

complete and maxillary or mandibular) was also noted.

2.1 | Statistical analyses

Categorical variables were presented as frequencies (%). Histogram
plots, box plots and the Kolmogorov-Smirnov tests were used to in-
spect continuous data for normality of data distribution. Median and
interquartile range (IQR) were presented for data that were not nor-
mally distributed. Weight status as the outcome of interest was as-
sessed using BMI categories in line with Center for Disease Control
(CDC) criteria®® and included: underweight <18.50kg/m?, normal
weight 18.5-24.99 kg/mz, overweight 25.0-29.99 kg/m2 and obese
>30.0kg/m?. Extreme values for BMI, including those with BMI
<12kg/m? or=100kg/m?, were excluded according to the estab-
lished method of the Behavioural Risk Factor Surveillance System.3?
BMI was considered the dependent variable, while dentition status
was the independent variable.

We used multinomial logistic regression models to determine
the association between dentition status measures and weight sta-
tus. Separate models were constructed for each of the dentition
status measures as the primary independent variables of the study.
Results were presented as odds ratios (OR) with 95% confidence in-
tervals (Cls) for unadjusted and adjusted models. Covariates were
determined by clinical relevance and examining bivariate analyses
(Kruskal-Wallis and chi-square tests) between demographic and
clinical characteristics and weight status categories as the outcome
variable. Covariates included in the multivariable model were age,
gender (male/female/transgender), presence of gastrointestinal dis-
orders (yes/no), cardiovascular diseases (yes/no) and diabetes (yes/
no). Since data for race and ethnicity were missing for more than 50%
of the sample, we excluded these variables from the multivariable

regression models. Normal weight status was considered as the ref-
erence category.

Since this study was a secondary analysis of existing data, an a
priori power analysis was not conducted. An a priori alpha level was
set at <0.05, and all statistical analyses used SPSS version 28.0 (IBM
Inc., Armonk, NY).

3 | RESULTS

The study sample included 1765 records of patients aged 65-89 years
old seen for a dental examination with complete BMl and odontogram
data. Table 1 includes the demographic and clinical characteristics
of the total sample, presented by BMI categories. The mean (+SD)
BMI of the sample was 28.5 (+5.7) kg/m? (range = 13.2-67.4kg/m?);
72.5% of the sample had a BMI consistent with overweight or obe-
sity.3* Those with obesity had the lowest median age, were primarily
female and non-Hispanic, and had the highest proportion of self-
reported diabetes and cardiovascular diseases.

Table 2 summarises the dentition status of the sample by BMI
category. Those with obesity had fewer remaining teeth, fewer pos-
terior occluding pairs and were more likely to lack a functional den-
tition, than those who were of normal weight. In contrast, patients
who were underweight had the fewest remaining teeth, and anterior
occluding pairs, and were the most likely to lack a functional denti-
tion than any other weight group. However, the sample of under-
weight patients was very small and these differences did not reach
statistical significance.

Table 3 details the results of the multinomial logistic regression
models used to determine the association between dentition and
weight status. Findings were consistent in both unadjusted and ad-
justed models. A higher number of remaining teeth and posterior
occluding pairs of teeth were associated with lower odds of obesity.
At the same time, lack of a functional dentition was associated with a
higher likelihood of obesity. Each additional remaining tooth was as-
sociated with 2.0% lower odds of being obese than of being normal
weight after adjusting for age, gender and the presence of gastro-
intestinal disorders, cardiovascular diseases and diabetes. Similarly,
after adjusting for covariates, each additional number of posterior
occluding pairs was associated with 7% lower odds of being obese
than of normal weight. Those who lacked a functional dentition had
1.4 times greater odds of obesity than patients with a functional

dentition in the adjusted model.

4 | DISCUSSION

The primary aim of this study was to investigate associations be-
tween dentition status and weight status in community-dwelling
older adults treated at an urban school of dental medicine clinic in
the northeast U.S. We hypothesised that there would be no associa-
tions between BMI and measures of dentition status, including (1)
the number of remaining teeth, (2) the number of anterior occluding
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TABLE 3 Odds ratios and 95%
confidence intervals for dentition and

X Dentition status
weight status measures.?

Unadjusted OR
(95% ClI) (n=1765) p

Adjusted OR
(95% CI) (n=1727) p

Total number of remaining teeth

Underweight
(<18.50kg/m?)

Normal

(18.5-24.99 kg/m?)

Overweight
(25-29.99 kg/m?)

Obese (2 30kg/m?)

Total number of anterior occluding pairs of teeth

Underweight
(<18.50kg/m?)

Normal

(18.5-24.99kg/m?)

Overweight
(25-29.99 kg/m?)

Obese (2 30kg/m?)

Total number of posterior occluding pairs of teeth

Underweight
(<18.50kg/m?)

Normal

(18.5-24.99 kg/m?)

Overweight
(25-29.99kg/m?)

Obese (2 30kg/m?)
Functional dentition®

Underweight
(<18.50kg/m?)

Normal

(18.5-24.99 kg/m?)

Overweight
(25-29.99 kg/m?)

Obese (230kg/m?)

0.974 (0.927, 1.024) .300 0.976 (0.926,1.028)  .357
1.00 (reference) - 1.00 (reference)
1.00(0.984, 1.015) 970 1.003(0.987, 1.019) 711

0.976 (0.961, 0.992) .003 0.980(0.964,0.997)  .022

0.894 (0.762, 1.048) 167 0.913(0.772,1.080)  .290
1.00 (reference) - 1.00 (reference) -

0.994 (0.946, 1.045) .811 1.005(0.954,1.058)  .864

0.954 (0.906, 1.004) .071 0.967 (0.916,1.021)  .230

0.946 (0.806, 1.110) 493 0.948(0.803,1.118)  .525
1.00 (reference) - 1.00 (reference) -

1.005 (0.961, 1.051) .828 1.011(0.966,1.059)  .632

0.920 (0.876, 0.965) <.001 0.931(0.885,0.980) .006

1.732(0.750, 3.999) 198 1.726 (0.729, 4.090) .215
1.00 (reference) - 1.00 (reference) -

1.105 (0.874, 1.396) 405 1.077 (0.846,1.371)  .548

1.519 (1.184, 1.949) .001 1.400(1.078,1.818)  .012

Abbreviations: Cl, confidence intervals; OR, odds ratio.

20Rs, 95% Cls, and two-sided p-values are derived from univariable logistic regression for
unadjusted models and multivariable logistic regression adjusted for age, gender, presence of
gastrointestinal disorders, cardiovascular diseases and diabetes.

bReference group is those with functional dentition.

Values in bold indicate p <.05.

pairs of teeth, (3) the number of posterior occluding pairs of teeth
and (4) having a functional dentition. The only hypothesis that was
accepted supported no association between BMI and the number of
anterior occluding pairs of teeth. The other three hypotheses were
rejected; those with fewer teeth, fewer posterior occluding pairs of
teeth and those who lacked a functional dentition had higher odds of
being obese than those with more remaining teeth, more posterior
occluding pairs of teeth and those with a functional dentition.

The strengths of this study include its large sample size, and that
we used multinomial logistic regression models to determine the as-
sociations between dentition status and weight status, adjusting for
clinically and statistically relevant covariates. As data were originally

collected as part of routine patient care, limitations include missing
data for some of the demographic characteristics. Since data for race
and ethnicity were missing for more than 50% of the sample, we
excluded these variables from the multivariable regression models.
Including self-reported data is another limitation, as is the unavail-
ability of data on additional variables that may affect weight status
such as dietary intake and physical activity patterns. Although one-
third of the sample had partial or complete dentures, data on the use
of dentures for eating was not obtained; hence, denture use was not
included in the analyses.

Recently, the use of BMI as a measurement of weight status
has been controversial, given that it does not directly assess body
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composition and heterogeneity exists across gender, racial, ethnic
and age groups.®>%¢ In July 2023, the American Medical Association
(AMA) adopted a new policy on the use of BMI for diagnosing obe-
sity and assessing the risk of weight-related disease.®® It suggested
that the BMI category alone should not be used as a predictor of
morbidity and mortality and that healthcare professionals under-
stand it's benefits and limitations in clinical practice.35'36 We too,
recognise these and have not used them to diagnose obesity in our
sample, but rather to assess the weight status of our population for
research purposes. Accordingly, the use of BMI without correspond-
ing measurements of body composition, which were not available for
analysis, was a limitation of this study.

Having a functional dentition has been defined and analysed in
multiple ways in the dental literature.®” While we have used the defi-
nition of 21 or more teeth, utilised by Dye et al. in their analysis of
tooth loss in the U.S.,° we recognise that others have defined func-
tional dentition as a shortened dental arch, 20 or more teeth or 10 or
more functional tooth units.?>38

Findings from this study have limited generalisability. While our
sample is representative of our clinic population, the data are from
older adult patients who received care at a single urban northeast-
ern U.S. dental school clinic. Despite being a racially and ethnically
diverse sample, it is unlikely to be representative of the general U.S.
population.®? However, the findings add to the body of research in
this area. The prevalence of overweight and obesity, which is higher
in this study than others discussed, is consistent with the higher
prevalence of overweight and obesity in the Americas than in other
regions of the world.*® While the aetiology of obesity is multifaceted,
obesity is associated with a greater intake of high-calorie foods, es-
pecially those with added sugar and fermentable carbohydrates.**
Sugars and fermentable carbohydrates fuel dental decay, which is
a primary cause of tooth loss.*>*3 Thus, a diet high in sugar may
contribute to both obesity and tooth loss. Future research should
account for diet as a confounding factor associated with weight and
dentition status, as well as the progressive nature and multifaceted
aetiology of tooth loss and obesity.

Our findings revealed that a higher number of remaining teeth
and posterior occluding pairs of teeth were associated with lower
odds of obesity, while a lack of a functional dentition was associ-
ated with a higher likelihood of obesity. There have been a number
of previous investigations of the associations between tooth loss
and weight status.>?52%44 Most of that work was done outside of
the U.S., and there is considerable heterogeneity in methodologi-
cal approaches, making the findings difficult to compare. However,
similar to our findings, most investigators found that tooth loss was
associated with non-normal weight status. A systematic review and
meta-analysis exploring the relationship between obesity and tooth
loss in adults, similarly found that adults with partial and complete
tooth loss had 41% and 60% higher odds of obesity, respectively,
and that age and the approach to tooth loss measurement explained
2.9% and 9.6% of the heterogeneity in the model.* Hilgert et al.?
found that those who were edentulous and had maxillary dentures
only were 2.3 times more likely to be obese than those with more

than 8 teeth. Torres et al.2® found that those who were edentulous
and without dentures were 3.9 times more likely to be underweight
and 2.9 times more likely to be overweight/obese than those with 20
or more teeth and dentures. Sheiham et al.?® also found that those
with fewer than 21 teeth were more than 3 times more likely to be
obese than those with more teeth. Additionally, those who were
edentulous were more likely to be underweight than those with 11
or more teeth (12.3% vs. 2.9%, respectively), as were those who had
fewer than 10 teeth when compared with those with 11-32 teeth
(24% vs. 2.9%). Perera et al.?’ similarly found that each missing tooth
was associated with an 8% higher risk of being underweight, but not
of being obese. Notably, 19.9% of their sample were underweight,27
whereas, in the current study, only 1.4% were underweight, which
may in part explain why we did not find similar associations between
tooth loss and being underweight like many of these other studies
found.

No associations between BMI and the number of anterior oc-
cluding pairs of teeth were found in our study. However, each addi-
tional number of posterior occluding pairs was associated with 7%
lower odds of being obese. These findings are consistent with those

of Sahyoun et al.> and Sheiham et al.?®

who found that obesity (or a
higher BMI) was associated with having fewer posterior occluding
pairs. Conversely, Perera et al.?” found that those with more than 5
posterior occluding pairs had a significantly higher BMI than those
with less than 5 posterior occluding pairs. However, only 17.8% of
Perera's sample?’ were overweight and obese, whereas in this study
sample, 72.5% were overweight or obese. Similar to the current
study, 66.3% of Sheiham's sample28 were overweight and obese and
the mean BMI in Sahyoun et al.® was 27.4kg/m?, which is similar to
this study sample (28.5 kg/mz). Another aspect of oral dysfunction
is the lack of a functional dentition. In this study, those who lacked
a functional dentition had 1.4-fold higher odds of obesity. Although
the proportion of underweight patients in the study was low (1.4%),
those who were underweight were the most likely to lack a func-
tional dentition, but these findings did not reach significance. Similar
to our results, Sheiham et al.?% found that those who lacked a func-
tional dentition were 3 times more likely to be obese than those

12> demon-

with a functional dentition. Conversely, Gaewkhiew et a
strated that those with a functional dentition were 61% less likely
to be underweight than those without a functional dentition, but no
associations were identified between having a functional dentition
and overweight/obesity. Loss of posterior occlusion and a functional
dentition leads to masticatory difficulty, which negatively influences
diet quality and nutrient consumption and can lead to changes in
weight status.®™¥

The differences between the findings from this study and ear-
lier research may be due to different analytic approaches and sam-
ple characteristics. The current sample had the highest prevalence
of older adults with overweight/obesity (72.6% vs. 17.8%-66.3%)
and the lowest prevalence of older adults who were underweight
(1.4% vs. 3.8%-19.9%) compared to earlier research in this area.?> %
A higher prevalence of older adults in this study were at least par-

tially dentate (94.6% vs. 23.7-55%) and had a higher prevalence of
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functional dentition than these earlier studies.?>"?’ Despite these
differences and consistent with other research, those with under-
weight and obesity had fewer teeth and posterior occluding pairs
than those with normal weight status and were more likely to lack
a functional dentition.®?°2? Oral dysfunction, especially the loss of
posterior occlusion and a functional dentition negatively impacts
biting, chewing and swallowing, which subsequently influences diet
quality and nutrient consumption. This can lead to changes in weight
status, depending on the number and extent of the patient's adap-
tive and maladaptive eating behaviours.®*” Food avoidance may
result in unintentional weight loss, while replacement of harder-to-
chew, nutrient-dense foods with easier-to-chew, more calorically
dense foods may result in weight gain. These changes in diet can
lead to an increased risk of obesity and malnutrition, with and with-

out sarcopenia.w'zo’22

4.1 | Implications for practice and future research

These findings support the need for interprofessional practice
integrating primary care with nutrition and oral health care.®
Malnutrition, underweight and obesity, with and without sarcope-
nia, are major public health concerns in older adults.?%?%23 Dentists,
registered dietitian nutritionists (RDNs), primary care providers and
other community healthcare professionals can routinely assess den-
tition status, screen patients for non-normal BMI and assess dietary
intake as it relates to the condition of the oral cavity. Questions
about difficulties with biting, chewing and swallowing to identify
barriers to the adequacy of oral intake are critical. As oral health
and nutrition concerns arise, healthcare providers can collaborate
with dentists, RDNs and other primary care providers and refer their
patients as needed.*® Interprofessional efforts can lead to meas-
ures to reduce the risk of obesity, malnutrition and oral dysfunction
across healthcare settings.*>**¢ Further research is needed with cul-
turally diverse samples that are adequately powered and adjusted
for potential confounding variables including comorbid conditions,
economic status, oral function, dietary intake, sarcopenia and physi-
cal activity. Findings can be used to develop interventions to reduce
risks of underweight, obesity, malnutrition and oral dysfunction in

this population.

5 | CONCLUSIONS

The findings of this study demonstrated that older adults with obe-
sity who received care at an urban northeast U.S. dental school clinic
were significantly more likely to have fewer teeth, fewer posterior
occluding pairs of teeth and lack a functional dentition than those of
normal weight. A similar pattern was seen whereby those who were
underweight had the fewest teeth, the fewest anterior and posterior
occluding pairs of teeth and were most likely to lack a functional

dentition.
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