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Abstract
OBJECTIVES
This study is to investigate the association between central obesity and tooth loss in
non-obese population.
MATERIAL AND METHODS
This national cross-sectional study included 19436 participants, aged 19-74 years
with body mass index(BMI) 18.5-29.9 kg/m2, from the national health and nutrition
examination survey(NHANES) 1999-2012. Tooth loss was measured by the number
of teeth missing. Central obesity was defined by a categorised 3-level waist
circumference according to the WHO recommendation. A zero-inflated negative
binomial model was used to investigate the association between tooth loss and
central obesity. All models were adjusted for demographic, socioeconomic status,
lifestyles, medical conditions, and inflammatory biomarkers.
RESULTS: For an overweight person with central obesity, the prevalence of tooth
loss increased by 31% (Prevalence ratio [PR]:1.31, 95% CI:1.20-1.44) compared
with a person with similar BMI but no central obesity, and increased by 40%
(PR:1.40, 95% CI:1.26-1.56) if compared with a normal-weight person without
central obesity. There was a clear stepwise association between tooth loss and
central obesity.
CONCLUSION
The results reveal that central obesity is significantly associated with tooth loss in the
non-obese population, which suggests that non-obese individuals with central
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obesity may represent an important target population for oral health preventive
strategies.
Key words: Obesity, Tooth loss, Body Mass Index, Central obesity, Periodontal
disease, Dental health survey

Clinical Relevance
Scientific rationale for the study: Studies showed that the risk of tooth loss is
increased in obese individuals, but the association is unclear in non-obese
individuals. The current study investigated the association between central
obesity and tooth loss in a non-obese population of 19,436 participants from a
large national health survey.
Principal findings: The study showed that central obesity was significantly
associated with tooth loss in a clear stepwise relationship in the non-obese
population.
Practical implications: Given the evidence of the significant association between
central obesity and tooth loss in non-obese population, clinicians should consider
non-obese individuals with central obesity in oral health preventive strategies.
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Introduction
General obesity (hitherto referred to simply as “obesity”) is defined by body mass
index (BMI) 30 kg/m2, in contrast central obesity is measured by waist-to-hip ratio
(WHR) and waist circumference (WC). Both general and central obesity are wellestablished factors for systemic inflammatory diseases, such as type II diabetes,
hypertension and cardiovascular disease (Falagas and Kompoti, 2006, Chrysant and
Chrysant, 2013). Studies have shown that obesity could induce chronic low-grade
inflammation that reduce individual’s immune threshold making obese individual
more susceptible to dental caries, periodontal disease, and tooth loss (Tilg and
Moschen, 2006, Flink et al., 2008, De Marchi et al., 2012, Nascimento et al., 2015,
Suvan et al., 2015, Nascimento et al., 2016). C-reactive protein (CRP) is a nonspecific inflammatory biomarker linked to many inflammatory conditions including
infection, periodontitis, cardiovascular disease, diabetes and obesity. The elevated
levels of C-reactive protein, observed in obesity, is hypothesised to contribute to the
development of periodontitis which along with other dental diseases, inflammatory
and environmental factors could eventually lead to tooth loss, or more severely
edentulism (Linden et al., 2008, Chaffee and Weston, 2010, Meisel et al., 2014). A
mutual relationship might exist among CRP, obesity and periodontitis/tooth loss
(Chaffee and Weston, 2010).
Studies have suggested a positive association between tooth loss and obesity
(Jimenez et al., 2012, Ostberg et al., 2012, Jiang et al., 2013, Meisel et al., 2014,
Keller et al., 2015, Nascimento et al., 2016). These studies focused on either
comparing tooth loss between obese individuals and non-obese individuals, or
between those individuals with central obesity and those with normal waist
5

circumference alone. Few studies adjusted for inflammatory biomarkers such as
CRP or the association is often negligible after adjustment (Meisel et al., 2014, Keller
et al., 2015, Nascimento et al., 2016).
Measures of central obesity by WC or WHR may provide further information in
addition to BMI, and a combination of BMI and central obesity might have a better
prognostic value in predicting mortality (Wormser et al., 2011, Coutinho et al., 2013,
Sahakyan et al., 2015). Such analysis using both BMI and central obesity, however,
requires relatively large sample size to achieve robust results to allow for subgroup
analyses and has not been used to date to study the association between non-obese
individual with central obesity and tooth loss. National health surveys, such as
National Health and Nutrition Examination Survey (NHANES, 2015), are crosssectional survey conducted continuously on a two-year cycle to collect detailed
anthropometric and health-related data on a large scale. These surveys provide
reliable health, dental measures, and the inflammatory biomarker CRP level, and
can be sufficiently large if several surveys are combined.
This study hypothesised that non-obese individuals with central obesity might have a
higher risk of tooth loss compared with those non-obese individuals with normal
waist circumference. We investigated the risk of tooth loss associated with central
adiposity in non-obese individuals using a large national health survey, and
assessed the robustness of the association by adjusting for a comprehensive lists of
covariate variables and potential confounders.
Material & Methods
Study design and participants

6

This study is reported in accordance with the STROBE guidelines. This national
cross-sectional study included participants from National Health and Nutrition
Examination Survey (NHANES). NHANES is a national survey designed to assess
the health and nutritional status for the non-institutionalised US population using a
stratified, multistage, probability sampling design. NHANES has been using the
same survey structure and conducting data collection in two-year cycle since
1999/2000, and consisted of extensive anthropometric, socioeconomic, health and
dental related examinations and questionnaires, as well as laboratory testing for
biomarkers. Height, weight and waist circumference were measured onsite by
trained examiners; dental-related measures were taken by a trained dental survey
staff and quality controlled by a second “gold standard” examiner. The methods and
design for the survey are available elsewhere (NHANES, 2015).
We extracted data from seven NHANES surveys between 1999 and 2012. The
surveys after 2012 did not include dental outcome and were excluded. In total,
33,107 adults aged between 19 and 74 years had BMI and waist circumference
available. We restricted our analysis to non-obese individuals (BMI between 18.5
and 29.9 kg/m2) and those with validated tooth loss records. The resulting sample
from NHANES was 19,436 participants (9,987 men and 9,449 women).
Exposure and outcome variables
Central obesity was characterised by waist circumference. Waist circumference was
measured by a trained examiner or nurse with a measuring tape positioned at the
high point of the iliac crest. Waist circumference was categorised into 3 levels
(normal, high, and very high) for men (<=94 cm, 94-102 cm, and >102 cm) and
women (<=80 cm, 80-88 cm; >88 cm) in accordance to World Health Organization

7

(WHO) cut-off points recommendations for the increased risk of metabolic
complications.(WHO, 2008) Central obesity was defined as those men or women
with very high waist circumference. The 3-level categorised waist circumference
(normal, high and very high) in combination with 2-level BMI (normal-weight,
18.5≤BMI≤24.9kg/m2 and overweight, 25 ≤BMI≤29.9kg/m2) was used as the main
exposure in this study.
The teeth for each participant was examined by trained and calibrated health
technologists. The status of each tooth was reported as follows: sound, missing due
to dental disease, missing due to dental disease but replaced, missing due to other
causes, tooth with surface conditions, and unerupted. The tooth was classified as
missing if it was reported as missing due to dental disease or missing due to dental
disease but replaced. For each participant, the number of teeth missing due to dental
disease was between 0 (full dentition) and 32 (edentulous) and was used as the
primary outcome. The individuals with tooth loss due to traumatic injuries were
excluded in the analysis.
Covariate variables
Demographic, socioeconomic status (SES), life-style and medical history variables
were taken through onsite interview and questionnaires. Age (years) was used as a
continuous variable. Education level was dichotomised into those having college
degree or above and into those having high school degree or below. Ethnicity was
dichotomised as White or other races. Household income was divided into five
equivalised quintiles. BMI (kg/m2) was used a continuous variable (rounded to 0.1
kg/m2) and was also dichotomised into normal-weight (18.5≤BMI≤24.9 kg/m2) and
overweight (25 ≤BMI≤29.9 kg/m2).
8

Life style variables such as alcohol intake, smoking status and physical activity were
collected through self-completed questionnaires. Participants were defined as
alcohol drinker if they had at least 12 alcohol drinks in the past year. Smoking status
was dichotomised as ever smoker (current or past) and non-smoker. Participants
were assessed as physically active (yes or no) if they have done any moderateintensity sports, fitness or recreational activities that cause a small increase in
breathing or heart rate for at least 10 minutes continuously each day. Participants
had reported the time of last dental visit (within 1 year or over 1 year) and the
condition of oral hygiene (good/fair or poor). Medical conditions such as
cardiovascular disease and diabetes were recorded only if they were confirmed as
doctor-diagnosed.
A nonfasting blood sample was drawn from participants who consented to take blood
sample, and a 9-hour fasting was required for those participants attending the
morning session examinations. CRP was determined in serum by particle-enhanced
immunonephelometry (hsCRP kit, Dade Behring) with a test sensitivity of 0.1 mg/L.
To account for the possible nonlinear relationship, CRP was categorised into 3 levels
(<1.0 mg/L; 1.0-3.0 mg/L; and >3.0 mg/L) according to CDC/AHA recommendations.
(Pearson et al., 2003)
Statistical analysis
Descriptive statistics were reported for demographic, socioeconomic, life style,
anthropometric, medical conditions and laboratory variables stratified by normalweight and overweight according to BMI and gender as well. Continuous variables
were presented as mean (SD) or median (interquartile range) and categorical
variables were reported as frequency (%).
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Tooth loss was quantified by the number of teeth missing excluding third molars
(range 0-28). To account for the higher proportion of zero-missing tooth (Figure 1), a
zero-inflated negative binomial model (Preisser et al., 2012) was used to investigate
the association between the severity of tooth loss and central obesity measured by a
combination of BMI and WC (normal-weight and low WC, normal-weight and high
WC, normal-weight and very high WC, overweight and low WC, overweight and high
WC, overweight and very high WC). The model included the 6-level measure of
central obesity, demographic (age, education level, ethnicity and marital status), SES,
life style (alcohol intake, smoking status, dental visit, oral hygiene and physical
activity), medical conditions (Cardiovascular diseases and diabetes), and a 3-level
CRP as covariates. Backward model selection was used to eliminate covariate
variables from the adjusted model using the Akaike information criterion (AIC). The
final model contained only exposure variable and covariates that were significant at a
significance level of 0.05. Odds ratio (OR) and its 95% confidence interval were
reported for the logistic part of the model, corresponding to no tooth loss. Prevalence
ratio (PR) and its 95% confidence interval were reported for the truncated negative
binomial part of the model, corresponding to the severity of tooth loss. After the final
models were established, prevalence ratios were estimated with the estimated model
parameters for different combinations of BMI and WC. We explored the fitting of
alternative models such as negative binomial model and zero-inflated Poisson model,
while zero-inflated negative binomial model provided the best fit of the data in
comparison to the alternative models.
A sensitivity analysis was performed by including third molars in the tooth loss to test
the impact of the extraction of wisdom teeth. International guidelines also use a 2level cut-off of waist circumference (≥102 cm for men or ≥88 cm for women) to define
10

central obesity (Yu and Kuo, 2008, NCEP, 2002), therefore we also performed a
sensitivity analysis using the 2-level waist circumference (low and high) to examine
the robustness of the association by the different cut-off points. Tooth loss due to
dental disease was less prevalent in the younger individuals, therefore a subgroup
analysis was performed for the stratified age (19-40 and 41-74 years). A mediation
analysis was performed to investigate the mediational effect of CRP in the
association between central obesity and tooth loss for the study population and age
subgroups.
To minimize bias caused by a small proportion of the missing data in the covariate
variables, multiple imputation by chained equations was used to produce 10 imputed
data sets. Pooled modelling estimates and accompanying 95% CIs were generated
according to Rubin’s rules.(Rubin and Schenker, 1991). We reported all regression
models using the multiply imputed datasets, and we also performed the same
analyses on the dataset with complete cases as a sensitivity analysis.
NHANES were collected through complex survey design that were meant to be
representative of the general population in US, therefore the descriptive statistics
and all models in the study were adjusted for sampling weights and incorporated with
clustering and stratification factors to obtain unbiased estimates and robust variance.
Data management and analyses were performed in R version 3.4.1 (https://cran.rproject.org/). R code was presented in Supplement material to demonstrate how to
conduct zero-inflated negative binomial model with complex survey design. An
alpha level of 0.05 was used to determine statistical significance.
Results
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Study population consisted of 19,436 individuals with BMI between 18.5 and 29.9
kg/m2, 8,874 (45.7%) of whom were normal-weight individuals (Table 1). Comparing
with normal-weight individuals, overweight individuals were slightly older (mean age:
46.5 vs 42.0 years); had lower education level (47.4% vs 53.4%); had higher
inflammatory CRP level (median: 1.8 vs 1.0 mg/L); and had higher proportion of
diabetes (8.4% vs 4.7%). Central obesity distributed differently between normalweight and overweight individuals (Table 1).
The distribution of tooth loss excluding third molars is shown in Figure 1. 45% of the
study population did not have any tooth loss, and percentage decreased
exponentially as the number of teeth missing increased (Supplementary Table 1). If
third molars were included in tooth loss, only 18% people had the full 32 dentitions;
nearly a quarter of participants had 4 missing teeth, 80% of which were wisdom teeth
(Supplementary Figure 1).
The results of the zero-inflated negative binomial model demonstrated that central
obesity was associated with the severity of tooth loss for those individuals with
missing teeth (supplementary Table 2). Based on the results from the model, we
estimated the prevalence ratios for tooth loss attributed to central obesity in
comparison with other groups.
Individual comparisons for different combinations of BMI, waist circumference, and
tooth loss are presented in Table 2. Overweight participants with central obesity
(profile 6) had a higher risk of tooth loss than participants with any other
combinations of BMI and waist circumference. Specifically, an overweight person
with central obesity had an 31% higher risk of tooth loss than a person with similar
BMI but no central obesity (profile 4; PR = 1.31, 95% CI: 1.20-1.44, for profile 6 vs. 4,
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Table 2). Similarly, the risk of tooth loss increased by 16% for a normal-weight
person with central obesity compared with a person with similar BMI but no central
obesity (PR = 1.16, 95% CI: 1.04-1.30, for profile 3 vs. 1, Table 2). There was a clear
stepwise association between the risk of tooth loss and the combinations of BMI and
WC (Figure 2).
In the sensitivity analysis, if third molars were included in tooth loss, the prevalence
ratio for comparing profile 6 vs. 4 was reduced from 1.31 to 1.20 (supplementary
Table 2 and 3). If the 2-level waist circumference was used in the model, an
overweight person with central obesity had 20% higher risk of tooth loss than an
overweight person but no central obesity (PR = 1.20, 95% CI: 1.13-1.27, for profile 4
vs. 3, Table 3 and supplementary Table 5). Analyses of the dataset with complete
cases showed similar results as the multiply imputed dataset (Supplementary Table
4). Interestingly, the association between household income and tooth loss was
reversed in the logistic part of the model when third molars were included in tooth
loss (Supplementary Table 3 and 6).
Subgroup analysis for stratified age groups showed similar trend and magnitude of
effect in the association between central obesity and tooth loss (Supplementary
Table 7-8), although some categories for age group 19-40 years were not statistically
significant due to smaller number of teeth missing in these categories.
In the fully adjusted models, CRP showed significant effects in both parts of the
models (Supplementary Table 2-6), indicating that CRP was associated with the
probability of tooth loss and increased the severity of tooth loss as well. However,
mediation analysis for CRP revealed that the mediational effect of CRP was only
significant for age 41-74 years but not for age 19-40 years (Supplementary Table 9).
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Discussion
Our analyses showed that central obesity in non-obese people is significantly
associated with tooth loss. There was a clear stepwise association between tooth
loss and central obesity in this non-obese population.
Our study expanded previous findings of tooth loss in obese versus non-obese
people by addressing the value of combining measures of body mass index together
with abdominal obesity to predict the risk of tooth loss (Meisel et al., 2012, Jiang et
al., 2013, Meisel et al., 2014). Previous studies showed only a weak or negligible
association using BMI alone as exposure variable with incomplete adjustment for
confounders (Ojima et al., 2007, Jiang et al., 2013). Our study, however, has shown
that after stratifying BMI into normal and overweight categories, central obesity is an
important and significant predictor for tooth loss in the respective categories.
Considering nearly one third of the non-obese population is centrally obese, our
findings may have significant clinical implications as non-obese individuals with
central obesity were often not considered as a priority population for prevention
programs by guideline developers. For example, the 2013 AHA/ACC Obesity
Management Guidelines (Jensen et al., 2014) recommend measuring waist
circumference only in individuals with elevated BMI thereby implying that people with
normal BMI are free of any particular adiposity-related risk.
Our study showed that inflammatory biomarker CRP was significantly associated
with the probability of tooth loss and increased the severity of tooth loss in both parts
of the model. Mediation analysis of CRP indicated that CRP played a more important
role in mediating the association between central obesity and tooth loss in older
individuals than in young individuals possibly due to lower and shorter exposure of
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systemic inflammation in the young individuals. Previous studies also showed that
CRP might be an important mediator between obesity and tooth loss or periodontal
disease.(Linden et al., 2008, Buchwald et al., 2013, Meisel et al., 2014) Central
obesity is closely related to systemic inflammation as characterised by higher CRP
levels (Cartier et al., 2009, Meisel et al., 2012), while the general overweight
individuals also had higher CRP levels as shown in Table 1. There may be a
combined effect of general overweight and central obesity in relation to the level of
systemic inflammation. Therefore, central obesity measures such as waist
circumference in combination with BMI may contain additional information in
predicting tooth loss.
In addition, the sensitivity analysis showed that the association between tooth loss
and central obesity was robust despite of extensive adjustment of covariates and
confounders, including third molars or using different cut-off points for central obesity.
Adding third molars in tooth loss reduced the association. Removal of third molars
may not be related to symptoms or pathology, but rather to prevent future
problems.(Cunha-Cruz et al., 2014, Ghorbani and Peres, 2015) This was evident
that socioeconomic status was negatively associated with tooth loss in the logistic
part of the model when third molars were included in tooth loss (Supplementary table
2 and 5). People in the higher socioeconomic status were more likely to remove their
third molars to prevent future problems, therefore the association between tooth loss
and central obesity could be confounded by the unmeasured factors.
The strengths of our study include first, the use of a large representative national
population of participants. Second, a zero-inflated model was used to model the
effect of central obesity on tooth loss (ordinary logistic model) and quantify the
prevalence if there was tooth loss (negative binomial model) separately. Third,
15

adjustment of a comprehensive list of covariate variables, including inflammatory
biomarkers and lifestyle factors, reduced the potential confounding bias. However,
several limitations of the study should be acknowledged, including some that are
intrinsic to the national surveys. This cross-sectional study could not prove a causeand-effect association between central obesity and tooth loss or could not establish
the direction of the association. A reverse causation of tooth loss causing central
obesity may be possible, because masticatory inefficiency due to tooth loss can
consequently change dietary choices with reduced intake of vegetables, fruits and
dietary fibres, which can lead to general or central obesity.(Zhu and Hollis, 2015)
This cross-sectional study could not investigate the mediational effect of periodontitis
in the association between central obesity and tooth loss as the mediational effect of
periodontitis leading to tooth loss would have happened before the data collection.
Moreover, information on comorbidities (cardiovascular disease, diabetes), dental
visits, alcohol intake, smoking status, physical activities, oral hygiene, were selfreported by participants, which potentially can lead to errors. Although a ‘raised’
waist circumference is a useful indicator of excess abdominal adiposity, we cannot
exclude misclassification related to measurement errors.
Conclusion
The study shows that the risk of tooth loss is substantially increased in non-obese
people with central obesity. The findings reveal that the impact of central obesity on
tooth loss in non-obese population is significant and suggest that non-obese
individuals with central obesity may represent an important target population for oral
health prevention strategies and guideline development.
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Table 1. Characteristics of study population, stratified by BMI and gender.
18.5≤BMI≤24.9 kg/m2
Characteristic

25≤BMI≤29.9 kg/m2

Women

Men

Women

Men

4740

4134

4709

5853

Age in years, mean (SD)

41.8 (15.7)

42.3 (16.3)

45.7 (15.6)

47.1 (15.1)

Ethnicity, races other than white

2257 (47.6)

2330 (56.4)

2764 (58.7)

3233 (55.2)

Education, College or above

2775 (58.7)

1957 (47.4)

2251 (47.8)

2751 (47.0)

22.3 (1.7)

22.7 (1.7)

27.4 (1.4)

27.5 (1.4)

Normal

2138 (46.4)

3587 (89.0)

111 (2.4)

1561 (27.4)

High

1787 (38.8)

408 (10.1)

913 (19.9)

2516 (44.2)

Very high

683 (14.8)

35 (0.9)

3558 (77.7)

1610 (28.3)

1.1 [0.5, 2.9]

0.9 [0.4, 2.1]

2.5 [1.1, 5.1]

1.5 [0.7, 3.1]

<1.0 mg/l

1730 (45.2)

1685 (52.5)

798 (20.8)

1669 (35.0)

1.0-3.0 mg/l

1179 (30.8)

955 (29.8)

1412 (36.9)

1896 (39.8)

>3.0 mg/l

916 (23.9)

568 (17.7)

1620 (42.3)

1203 (25.2)

Top quintile

1334 (31.2)

870 (23.4)

938 (22.2)

1450 (27.5)

2nd

quintile

897 (21.0)

744 (20.0)

952 (22.5)

1178 (22.3)

3rd

quintile

908 (21.3)

896 (24.1)

978 (23.1)

1244 (23.6)

4th quintile

580 (13.6)

608 (16.3)

701 (16.6)

767 (14.5)

Bottom quintile

552 (12.9)

602 (16.2)

657 (15.5)

637 (12.1)

Last dental visits > 1 year

948 (36.1)

1281 (54.1)

1011 (39.6)

1461 (46.4)

Poor dental hygiene

405 (10.5)

506 (15.0)

474 (12.0)

593 (12.1)

Alcohol intake

2807 (66.5)

3176 (83.4)

2500 (59.0)

4647 (85.9)

Ever smoker

1794 (37.9)

2414 (58.4)

1728 (36.7)

3259 (55.7)

Physically active

2428 (51.6)

1825 (44.5)

2095 (44.9)

2644 (45.5)

Diabetes

171 (3.6)

240 (5.9)

354 (7.6)

522 (9.0)

Cardiovascular disease

165 (3.5)

261 (6.3)

246 (5.2)

453 (7.7)

n

BMI

(kg/m2),

mean (SD)

Waist circumference

CRP (mg/l), median [IQR]
Categorised CRP

Equivalised household income

Data are presented as frequency (%) unless specified; SD: standard deviation; IQR: interquartile range; CRP, C-reactive
Protein. Numbers may not sum to totals due to missing values; percentage may not sum to 100 due to rounding.
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Table 2. Prevalence ratios and 95% confidence interval for the severity of tooth loss
as estimated by the zero-inflated negative binomial model. Third molars were
excluded in tooth loss, and a 3-level waist circumference was used. To interpret the
prevalence ratio, select an intersection of two anthropometric profiles of interest (BMI
and WC). The group of interest (i) relative to reference (j) is labelled as “i vs. j” in the
cells. For example, to compare an overweight and centrally obese individual (profile
6) to an overweight individual with normal WC (profile 4), the cell in row 4 and
column 6 would be used (denoted as 6 vs. 4 with PR = 1.31 and 95% CI: 1.20 to
1.44).

1. Normalweight
and low WC

2 vs. 1
1.13
(1.05-1.22)

3 vs. 1
1.16
(1.04-1.30)

4 vs. 1
1.07
(0.96-1.18)

5 vs. 1
1.17
(1.06-1.28)

6 vs. 1
1.40
(1.26-1.56)

1 vs. 2
0.88
(0.82-0.95)

2. Normalweight
and high WC

3 vs. 2
1.03
(0.92-1.15)

4 vs. 2
0.94
(0.85-1.05)

5 vs. 2
1.03
(0.94-1.13)

6 vs. 2
1.24
(1.13-1.36)

1 vs. 3
0.86
(0.77-0.96)

2 vs. 3
0.97
(0.87-1.09)

3. Normal-weight
and very high WC

4 vs. 3
0.92
(0.81-1.05)

5 vs. 3
1.01
(0.89-1.13)

6 vs. 3
1.21
(1.07-1.36)

1 vs. 4
0.94
(0.85-1.04)

2 vs. 4
1.06
(0.95-1.18)

3 vs. 4
1.09
(0.96-1.24)

4.
Overweight
and low WC

5 vs. 4
1.10
(1.00-1.20)

6 vs. 4
1.31
(1.20-1.44)

1 vs. 5
0.86
(0.78-0.94)

2 vs. 5
0.97
(0.88-1.06)

3 vs. 5
0.99
(0.88-1.12)

4 vs. 5
0.91
(0.83-1.00)

5. Overweight
and high WC

6 vs. 5
1.20
(1.13-1.28)

1 vs. 6
0.71
(0.64-0.79)

2 vs. 6
0.81
(0.73-0.89)

3 vs. 6
0.83
(0.74-0.93)

4 vs. 6
0.76
(0.69-0.84)

5 vs. 6
0.83
(0.78-0.89)

6. Overweight
and very high
WC
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Table 3. Prevalence ratios and 95% confidence interval for the severity of tooth loss
as estimated by the zero-inflated negative binomial model. Third molars were
excluded in tooth loss, and a 2-level waist circumference was used.
1. Normal-weight
and not centrally obese

2 vs. 1
1.08
(1.01-1.19)

3 vs. 1
1.06
(0.98-1.20)

4 vs. 1
1.27
(1.16-1.39)

1 vs. 2
0.92
(0.84-0.99)

2. Normal-weight
and centrally obese

3 vs. 2
0.98
(0.88-1.10)

4 vs. 2
1.18
(1.05-1.32)

1 vs. 3
0.94
(0.87-1.02)

2 vs. 3
1.02
(0.91-1.14)

3. Overweight
and not centrally obese

4 vs. 3
1.20
(1.13-1.27)

1 vs. 4
0.79
(0.72-0.86)

2 vs. 4
0.85
(0.76-0.95)

3 vs. 4
0.83
(0.79-0.89)

4. Overweight
and centrally obese
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Figure legend

Figure 1. Distribution of tooth loss excluding third molars.

Figure 2. Prevalence ratio and 95% CI for the severity of tooth loss by the
combinations of BMI and waist circumference.
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