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Objective: to explore whether consumption of fruits attenuates the relationship between tooth loss and obesity among adult Americans.
Basic research design: data from the Behavioral Risk Factor Surveillance System 2012, a cross-sectional survey. Participants: 20,103
adults aged 18 and over who participated in the Behavioral Risk Factor Surveillance System 2012, a nationally representative survey of
non-institutionalized adult American. Main outcome measures: Obesity (Body Mass Index ≥ 30 kg/m2). Logistic regression analysis was
used to assess the association between obesity and number of missing teeth adjusting for consumption of fruits socio-demographic factors,
physical activity, diabetes and self-rated general health. Results: The prevalence of obesity was higher among adults with > 6 missing teeth
and among those with fruit intakes less than once a day. Individuals with > 6 missing teeth were at higher risk of obesity with odds ratios
1.25 (95% CI: 1.04, 1.50), the relationship attenuated after adjusting for fruit consumption. Conclusions: Frequent consumption of fruits
was inversely associated with each of obesity and number of missing teeth. The findings imply a mediating role of fruit consumption in
the relationship between tooth loss and obesity.
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Introduction
Obesity is a growing public health concern, with a continuously rising prevalence (World Health Organization
2016b), particularly in the United States (U.S.), with
69.6% adults overweight and 35% obese (Nguyen et
al. 2010). Obesity has consistently showed a significant
association with oral health, particularly periodontal
disease among middle-aged and older populations with
an inflammatory pathway implicated in this relationship
(Nascimento et al. 2015). However, these findings were
based on reviews of cross-sectional studies. Longitudinal
studies have also reported higher incidence of periodontitis
among obese individuals (Morita et al. 2011). The study
suggested a bi-directional relationship between obesity
and periodontal disease, but there is no evidence of
causality (Morita et al. 2011). Diabetes, a well-known
co-morbidity related to both obesity and periodontitis,
could be another possible explanation for this relationship
as obese individuals are at higher risk of diabetes and
diabetes is a risk factor for periodontitis (Keller et al.
2015). Given that tooth loss is the ultimate consequence of
periodontitis, it could therefore be associated with obesity.
This potential relationship was suggested in a number of
observational studies (Nascimento et al. 2015, Östberg
et al. 2009). Several mechanisms have been postulated
about the relationship between tooth loss and obesity.
These include compromised diet because of inability to
chew healthy food. The common risk factors for both
obesity and tooth loss, such as poor dietary habits and
lower socioeconomic status could be the underpinning
mechanisms for the relationship (Nascimento et al. 2016).

The consumption of fruit, has been widely acknowledged for its health benefits and was highly recommended
by the World Health Organization (WHO) to be incorporated into the daily diet (McGuire 2011). There is
evidence suggesting that consumption of fruit could be
beneficial in reducing the risk of hypertension, diabetes
and cardiovascular disease, all of which are associated
with obesity (Boeing et al. 2012). Studies have also
shown that increasing fruit intakes, without significant
alterations to overall diet, may protect against short-term
weight gain, contributing to either maintenance or loss
of body weight (Mytton et al. 2014).
Loss of teeth adversely affects mastication and chewing capacity, consequently affecting diet and nutrient
intakes, as individuals with fewer teeth were found to
have difficulty in chewing a range of fruits, such as apples, berries, peaches and oranges (Schwingshackl et al.
2015). The available evidence is therefore suggestive of
a trend wherein, the presence or absence of teeth may
influence food choices, adversely impacting on the consumption of fruit and fibre that play a major role in the
management of body weight. Given the aforementioned
evidence on the complex relationship between fruit
consumption, obesity and tooth loss, it is plausible that
inability to chew and consume fruits as a result of tooth
loss potentially explain the known association between
tooth loss and obesity (Nascimento et al. 2016). We
set out to examine the relationship between tooth loss
and obesity and to explore whether consumption of fruit
attenuates this association. The findings of the analysis
would demonstrate a hypothesis pertaining to the relationship among obesity, tooth loss and fruit consumption.
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Methods
Data for this cross-sectional study are from the Behavioral Risk Factor Surveillance System (BRFSS) 2012
collected by Centers for Disease Control and Prevention
(CDC). The BRFSS is a nationally representative survey
of the U.S. population (Centers for Disease Control
2014). The data are self-reported and were collected
using the BRFSS 2012 standardized questionnaire via
computer-assisted telephone interviews (CATI) from
non-institutionalized American adults aged 18 years or
above, obtaining information on health related preventive practices, oral health status and risk behaviours
associated with chronic conditions. The 2012 survey
consisted of the core and optional modules covering
50 and 18 states, respectively, in a complex multistage
cluster sample design to recruit landline and cellular
phone users (Centers for Disease Control 2014).
The interviewers were trained as per the BRFSS
protocol and confidentiality of participants was maintained by ensuring their anonymity to the interviewers.
A total of 477,285 interview calls were made, with
the weighted response rate varying from a minimum
of 27.7% to a maximum of 60.4% across the states
(Centers for Disease Control 2014).
The main outcome variable was obesity, which was
represented by BMI calculated from the self-reported
height and weight of the participants. Pregnant women
were excluded from the study. BMI was categorized
into a dichotomous variable of (obese ≥ 30 kg/m2; nonobese < 30 kg/m2) (World Health Organization 2016a).
Information on tooth loss was obtained from the
core component of the questionnaire. Participants were
asked to report the number of permanent teeth that were
removed as a result of tooth decay or gum disease,
excluding those that were missing due to orthodontics
or injury. This variable was categorized into 4 groups,
(1) no missing teeth, (2) 1-5 teeth missing, (3) ≥ 6 teeth
missing and (4) all teeth missing.
Data on frequency of fruit consumption were also
drawn from the optional module. Participants were
asked how often they consumed fruits such as apples,
oranges, grapes, berries, watermelon, pomegranates etc.
including dried raisins and fruit salads, in the last 30
days. It included consumption of fruit in all meals and
snacks. For the purpose of this study, we converted the
monthly and weekly consumption of fruit into frequency
of daily fruit intakes and categorized this variable into
the following 2 groups, consumption of fruits ≥1 per
day and < 1 per day
The confounding variables included were age (18-24,
25-34, 35-44, 45-54, 55-64 & 65+), gender and ethnicity
(White, Black, Hispanic, Multiracial and Others). Annual
household income included 5 groups: <15,000; 15,000<25,000; 25,000-<35,000; 35,000-<50,000 and 50,000+
US dollar. Education included 4 groups: (1) did not
graduate high school, (2) graduated high school, (3)
attended college for1-3 years and (4) college graduate.
Leisure-time physical activity, diabetes and self-rated
general health were also included in the analysis.
Secondary analysis used the complex sampling
procedures in STATA/SE version 12.1. (STATA Corp,
Texas, USA). Statements for stratification, clustering and

sample weight were used to account for the complex
sampling design for the combined landline telephone
and cellular phone data. Only cases with complete data
were included.
The distribution of all variables, namely age, gender,
ethnicity, income, education, number of missing teeth,
diabetes, self-rated general health, physical activity and
consumption fruits was examined for the whole population and within the obese and normal weight groups.
Chi Square was used to assess the relationship between
obesity and each included variable.
Sequential logistic regression models were assessed
the relationship between obesity (outcome) and tooth
loss adjusting for all demographic variables. The second
model was further adjusted for consumption of fruit,
income and education. The final model was additionally
adjusted for physical activity, diabetes and self-rated
general health.
To demonstrate that low fruit consumption mightexplain the relationship between tooth loss and obesity,
we tested the relationship between fruit consumption
as an independent variable and tooth loss. Logistic
regression models were also constructed to assess the
relationship between tooth loss and consumption of
fruit (outcome variable), adjusting for demographic and
socioeconomic variables.

Results
The final sample included in the analysis was 20,103
participants with complete data. The distribution of
demographic, socioeconomic, oral and general clinical characteristics, along with physical activity and
consumption of fruit are presented in Table 1. The
prevalence of obesity was 29.7 %, equally distributed
among men and women with approximately 30% adults
reporting 1-5 missing teeth and 50.3% adults reported
consuming fruits less than once a day. Obesity was
most pronounced among adults with >6 teeth missing at 36.7%. However, it declined marginally among
edentulous individuals and was notably higher among
those with fruit intakes less than once a day (31.5%),
than among those who consumed fruit more than once
a day (27.7%).
In logistic regression, adjusting for demographic
variables (Table 2), tooth loss was associated with
obesity, wherein individuals with more than 6 missing
teeth were more likely to be obese (Odds Ratio (OR) =
1.57, 95%CI: 1.32-1.87). After adjusting for consumption of fruit and socioeconomic factors, the relationship
was attenuated by 22% (OR: 1.25, 95% CI: 1.04-1.5).
However, the significance was lost after adjusting for
diabetes, general health and physical activity in the fully
adjusted model (Table 2). The consumption of fruits also
demonstrated an inverse association with obesity, (OR:
0.84, 95% CI: 0.75-0.95), which remained significant in
the fully adjusted model (OR: 0.86, 95% CI: 0.77-0.97).
The relationship between tooth loss and consumption
of fruits is presented in Table 3. An inverse association
was found between tooth loss and fruit consumption,
which remained significant when adjusting for demographic and socioeconomic variables (Table 3).
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Table 1. Distribution of demographic, dental and health data among overall sample and those who were obese (n = 20,103)
Variable

Overall
% (95% CI)

Obese
% (95% CI)

p (Chi sq.)
NS

Gender

Males
Females

49.2 (47.6, 50.4)
50.8 (49.5, 52.0)

29.5 (27.8, 31.2)
29.8 (28.3, 31.3)

Age

18-24
25-34
35-44
45-54
55-64
65+

11.5
17.0
18.8
20.1
16.4
16.1

(10.5,
(15.9,
(17.8,
(19.2,
(15.6,
(15.4,

12.5)
17.9)
19.8)
21.1)
17.2)
16.8)

12.4
30.3
34.0
34.6
34.0
25.6

( 9.7,
(27.0,
(31.2,
(32.1,
(31.6,
(23.7,

15.8)
33.8)
37.0)
37.1)
36.2)
27.6)

<0.001

Education

< High School
High School
Attended College
College Graduate

15.6
25.5
30.8
27.9

(14.6,
(24.4,
(29.6,
(27.0,

16.7)
26.6)
32.0)
28.9)

37.0
32.8
31.5
20.6

(33.3,
(30.6,
(29.3,
(19.2,

40.7)
35.0)
33.7)
22.1)

<0.001

Income

< 15000 per annum
15000 per annum
25000 per annum
35000 per annum
50000 per annum

13.8
16.9
10.3
13.3
45.5

(12.9,
(16.0,
( 9.6,
(12.5,
(44.2,

14.7)
17.9)
11.1)
14.2)
46.7)

35.8
35.2
33.8
28.5
25.1

(32.3,
(32.4,
(30.3,
(25.6,
(23.6,

39.6)
38.0)
37.4)
31.5)
26.7)

<0.001

Ethnicity

White
Black
Hispanic
Other Race
Multiracial

56.7
17.0
17.5
7.0
1.6

(55.4,
(16.1,
(16.4,
( 6.2,
( 1.3,

57.9)
17.9)
18.7)
7.9)
1.9)

26.9
38.6
36.6
13.2
27.6

(25.7,
(35.8,
(33.0,
( 9.6,
(20.7,

28.1)
41.4)
40.4)
17.8)
35.7)

<0.001

Number of missing teeth

None
1-5 teeth missing
> 6 missing teeth
All teeth missing

54.5
29.9
10.7
4.7

(53.3,
(28.8,
(10.0,
( 4.3,

55.8)
31.1)
11.4)
5.1)

25.5
33.8
36.7
34.6

(24.0,
(31.7,
(33.6,
(30.7,

27.1)
36.0)
40.0)
38.7)

<0.001

Fruit consumption

>once a day
<once a day

49.6 (48.3, 50.8)
50.3 (49.1, 51.6)

27.7 (26.1, 29.3)
31.5 (30.0, 33.1)

<0.001

Diabetes

Present
Absent

12.8 (12.0, 13.5)
87.2 (86.4, 87.9)

52.2 (49.0, 55.4)
26.3 (25.1, 27.5)

<0.001

Physical Activity

Yes
No

79.9 (79.0, 80.8)
20.0 (19.1, 21.0)

27.5 (26.2, 28.8)
38.0 (35.6, 40.5)

<0.001

52.6 (51.3, 53.8)
30.5 (29.4, 31.7)
16.8 (15.9, 17.7)

20.4 (19.0, 21,8)
36.7 (34.6, 38.9)
29.6 (28.5, 30.8)

<0.001

Self- rated general health Excellent
Good
Fair/poor

Discussion
To the best of our knowledge, this is the first study to
examine the relationships among consumption of fruit,
tooth loss and obesity using a nationally representative
sample. Overall, this study demonstrated an association
between tooth loss (> 6 teeth) and obesity in a sample
of adults aged 18 years or above. The relationship ceased
to be significant after accounting for general health and
clinical conditions. Fruit consumption appeared to attenuate this relationship, wherein individuals with more
missing teeth were less likely to consume fruit, and those
with daily fruit intakes were less likely to be obese,
portraying a trend of less fruit intakes with number of
missing teeth. These findings were consistent with previous studies exploring the effects of tooth loss on fruit
consumption (Brennan et al. 2010) and the role of fruit
consumption in weight management (Boeing et al. 2012,
Schwingshackl et al. 2015), respectively.
Here, the association between tooth loss and obesity
remained significant even after accounting for sociode150

mographic variables, in contrast to previous studies
(Nascimento et al. 2015, Östberg et al. 2009), where
the association was eliminated, with the incorporation
of these factors.
Obesity is a growing public health problem in the US
and other parts of the world. Increasing consumption
of fruit is seen as a potential intervention to tackle this
epidemic. Earlier studies have shown a risk reduction
of 17% of abdominal obesity as a result of increased
fruit intakes, as well as an average reduction in body
weight with regular consumption (Mytton et al. 2014,
Schwingshackl et al. 2015). On the other hand, tooth loss
hinders individuals’ ability to consume fruit (Brennan et
al. 2010). Previous studies have shown that consumption
of fruit varied from 90% among dentate adults to 78%
among denture users (Gilbert et al. 2004, Bradbury et al.
2008). The findings of the current analysis, highlighting
the potential impact of tooth loss on fruit consumption
and on obesity, could be beneficial for health promotion
policies to reduce obesity.

Table 2. Logistic regression analysis for predictor s of obesity among 20,103 adult Americans
Variable

Model 1

Model 2

Model 3

Gender

(female)

1.01 (0.90, 1.12)

1.00 (0.89, 1.12)

1.00 (0.89, 1.12)

Age (reference group 18-24)

25-34
35-44
45-54
55-64
65+

2.89*
3.48
3.54*
3.29*
2.14*

3.31*
4.30*
4.40*
4.21*
2.69*

3.23*
3.75*
3.39*
2.93*
1.79*

(2.09, 3.99)
(2.55, 4.74)
(2.60, 4.80)
(2.42, 4.46)
(1.57, 2.93)

(2.38,
(3.13,
(3.21,
(3.07,
(1.94,

4.60)
5.92)
6.01)
5.77)
3.71)

(2.32,
(2.72,
(2.47,
(2.13,
(1.28,

4.49)
5.16)
4.65)
4.04)
2.49)

Number of Missing Teeth
1-5 missing teeth 1.31* (1.15, 1.49)
(reference group no teeth missing) > 6 missing teeth 1.57* (1.32, 1.87)
All teeth missing 1.52* (1.23, 1.87)

1.17* (1.02, 1.34)
1.25* (1.04, 1.51)
1.12 (0.89, 1.41)

1.25* (1.04, 1.51)
1.06 (0.84, 1.33)
0.85 (0.63, 1.15)

Ethnicity (reference group White) Black
Hispanic
Other Race
Multiracial/ Non
Hispanic

1.54*
1.50*
0.49*
1.15

(1.34,
(1.24,
(0.33,
(0.78,

1.78)
1.82)
0.71)
1.70)

1.50*
1.40*
0.45*
1.08

(1.30,
(1.15,
(0.31,
(0.71,

1.73)
1.71)
0.66)
1.64)

(0.76,
(0.70,
(0.61,
(0.58,

1.14)
1.11)
0.96)
0.87)

0.99
0.99
0.91
0.94

(0.80,
(0.78,
(0.72,
(0.77,

1.22)
1.26)
1.16)
1.16)

1.65*
1.69*
0.41*
1.15

(1.43, 1.89)
(1.41, 2.02)
(0.28, 0.60)
(0,79, 1.68)

Income
(reference group < 15000)

15000 to < 25000
25000 to < 35000
35000 to < 50000
> 50000

0.93
0.88
0.76*
0.71*

Education
(reference: < high school)

High School
Attended college
Graduated from
college

1.06 (0.87, 1.30)
1.08 (0.88, 1.34)
0.66* (0.52, 0.82)

1.20 (0.97, 1.48)
1.29* (1.03, 1.60)
0.83 (0.66, 1.04)

0.84* (0.75, 0.95)

0.86* (0.77, 0.97)
0.40* (0.34, 0.47)

Fruit Consumption: >once a day
Diabetes
Non-diabetic
Lack of Physical activity
General health
(reference: excellent)

1.16* (1.01, 1.33)
1.94* (1.70, 2.21)
2.28* (1.90, 2.73)

Good
Poor

Model 1: Adjusted for age, gender and ethnicity.
Model 2: Model 1 + income, education and consumption of fruits.
Model 3: Model 2 + diabetes, physical activity and self-rated general health.
*
p<0.05
Table 3. Logistic regression analysis for tooth loss as a predictor of fruit consumption (n=20,103)
Variable

Model 1

Model 2

Gender (female)

1.71 (1.54, 1.89)

1.74* (1.57, 1.93)
1.47* (1.14,
1.43* (1.12,
1.50* (1.18,
1.75* (1.37,
2.25* (1.77,

*

Age (reference: 18-24)

25-34
35-44
45-54
55-64
65+

1.60* (1.25,
1.63* (1.28,
1.72* (1.36,
2.04* (1.61,
2.54* (2.00,

Number of Missing Teeth
(ref: no teeth missing)

1-5 teeth
> 6 missing teeth
All teeth

0.79* (0.70, 0.89)
0.68* (0.57, 0.80)
0.49* (0.40, 0.59)

0.85* (0.75, 0.97)
0.79* (0.66, 0.94)
0.59* (0.48, 0.73)

Ethnicity (reference: White)

Black
Hispanic
Other Race
Multiracial/ Non Hispanic

0.86* (0.75,
1.73* (1.46,
1.40* (1.08,
1.12 (0.80,

0.90 (0.78,
1.91* (1.59,
1.25 (0.96,
1.13 (0.80,

1.03)
2.30)
1.64)
1.60)

Income
(reference: < 15000)

15000
25000
35000
More

0.92
0.84
1.07
1.12

1.11)
1.05)
1.32)
1.36)

Education
(reference: < high school)

High School
Attended college
Graduated from college

to <
to <
to <
than

25000
35000
50000
50000

2.06)
2.08)
2.18)
2.59)
3.24)

0.98)
2.05)
1.83)
1.59)

(0.75,
(0.67,
(0.87,
(0.93,

1.90)
1.83)
1.92)
2.24)
2.88)

0.89 (0.73, 1.08)
0.92 (0.75, 1.13)
1.34* (1.09, 1.65)

Model 1: Adjusted for age, gender and ethnicity
Model 2: Model 1 + for income and education
*
p<0.05
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There are some limitations in this study. Firstly, its
cross-sectional nature does not support conclusions on
causality. Reliance on self-reported data may lead to over
or under reporting of a condition, incorporating recall or
social desirability bias. However, the validity of self-reports
in BRFSS was found to be moderate in relation to physical
measures, with minimal differences against other national
surveys (Pierannunzi et al. 2013). Self-reported tooth loss
has been validated by high agreement with clinical assessments, affirming that self-reported oral health conditions
reflect actual clinical status (Gilbert et al. 1997). Finally,
data on fruit consumption were based on 30-day rather
than 24-hour recall, which may have led to under/ over
reporting of consumption.
The findings of the study demonstrated that fruit consumption may have a mediating role in the relationship
between tooth loss and obesity, which could be confirmed
by research using different study designs. It also highlights
the importance of tooth loss as a potential risk factor for
obesity, which operates through an inability to eat fruits
and fibres.
Given the cross-sectional design, further longitudinal
research, with physical BMI measures, detailed dental
examination and dietary and behavioural patterns is warranted to affirm the role of fruit consumption in the relationship between tooth loss and obesity. It is also worth
noting that both obesity and tooth loss are complex health
outcomes with multiple determinants. While the current
analysis did not fully explore all the complex risk factors
for both conditions, some of the common determinants
such as diabetes and lower socioeconomic position were
included in the current analysis, and explained part of the
relationship. Furthermore, fruit consumption could also
be a surrogate for other health behaviours related to both
obesity and tooth loss.

Conclusions
This study provides an insight into the pathway linking
tooth loss with obesity. As this is the first study exploring
whether fruit consumption attenuates this relationship, it
may serve as a platform to initiate further research into the
subject, to better understand the complex pathway between
tooth loss and obesity.
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