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Abstract

Background: Dental caries are largely preventable, and epidemiological evidence for a relationship between diet and oral
health is abundant. To date, however, dentists’ perceptions about the role of diet and dentists’ practice patterns regarding
diet counseling have not been clarified.

Objective: The purposes of this study were to: (1) examine discordance between dentists’ perception of the importance of
diet in caries treatment planning and their actual provision of diet counseling to patients, and (2) identify dentists’
characteristics associated with their provision of diet counseling.

Design: The study used a cross-sectional study design consisting of a questionnaire survey in Japan.

Participants: The study queried dentists working in outpatient dental practices who were affiliated with the Dental Practice-
Based Research Network Japan (JDPBRN), which aims to allow dentists to investigate research questions and share
experiences and expertise (n=282).

Measurement: Dentists were asked about their perceptions on the importance of diet and their practice patterns regarding
diet counseling, as well as patient, practice, and dentist background data.

Results: The majority of participants (n =116, 63%) recognized that diet is “more important” to oral health. However, among
participants who think diet is “more important” (n=116), only 48% (n=56) provide diet counseling to more than 20% of
their patients. Multiple logistic regression analysis suggested that several variables were associated with providing diet
counseling; dentist gender, practice busyness, percentage of patients interested in caries prevention, caries risk assessment,
and percentage of patients who receive blood pressure screening.

Conclusions: Some discordance exists between dentists’ perception of the importance of diet in caries treatment planning
and their actual practice pattern regarding diet counseling to patients. Reducing this discordance may require additional
dentist education, including nutritional and systemic disease concepts; patient education to increase perception of the
importance of caries prevention; or removing barriers to practices’ implementation of counseling.
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Introduction health and quality of life, and the high prevalence of this disease
highlights the importance of public health approaches to the

Dental caries affect 60% to 90% of school children and almost prevention of dental caries [2].

100% of adults, and is the most common chronic disease affecting

) 3 ) Dental caries is largely preventable, and epidemiological
children and adolescents [1,2]. Oral health is essential to general

evidence showing a relationship between diet and oral health is
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abundant [3,4]. A previous study demonstrated that sugar intake
reduction [5] and healthy eating patterns [6] are effective means of
caries prevention. A healthy diet is also related to improvements in
conditions such as hypertension [7], diabetes [8], cardiovascular
disease [9,10] and cancer [11,12,13]. The potential public health
role of general dental practitioners in providing lifestyle advice to
their patients has accordingly been recognized [14].

Previous studies have provided evidence that one-to-one dietary
interventions in the dental setting can change the behavior of
practitioners and patients [15]. The American Dietetic Association
recommends collaboration between dietetics and dental profes-
sionals for oral health promotion and disease prevention and
intervention [4]. Kakudate et al. showed that administering diet
counseling was significantly associated with interproximal enamel
surgical intervention thresholds; dentists who provide diet coun-
seling tended not to intervene surgically into enamel carious
lesions, an approach that is consistent with evidence-based dental
treatment [16]. Kelly et al. pointed out that few dentists or other
dental professionals conducted dietary counseling as a key
component of regular patient care [17]. However, dentists’ dietary
perceptions and practice patterns of diet counseling remain
unclear.

The purposes of this study were to: (1) examine discordance
between dentists’ perception of the importance of diet in caries
treatment planning and their actual provision of diet counseling to
patients, and (2) identify certain characteristics associated with
their provision of diet counseling.

Materials and Methods

Study Design

We conducted a cross-sectional study consisting of a question-
naire survey in Japan between May 2011 and February 2012 [16].
This study was approved by the Ethics Committee of Kyoto
University Graduate School and Faculty of Medicine (No. E1157).
All participants provided written informed consent prior to
participation in the study. We used the same questionnaire as
that used in the US Dental Practice-Based Research Network
(DPBRN) Study, “Assessment of Caries Diagnosis and Caries
Treatment” [18], and the ‘DPBRN Enrollment Questionnaire’
[19]. Four dentists and clinical epidemiologists collaboratively
translated these questionnaires into Japanese. The translated
version of these questionnaires is available at http://www.
dentalpbrn.org/uploadeddocs/Study %201 (Japanese %20Version).
pdf. (Original English version: http://nationaldentalpbrn.org/
pdf/Study®%201 % 20questionnaire % 20FINAL% 20after % 20pre-
testing%20021306.pdf). Dentists were asked about their percep-
tions on the importance of diet and their practice patterns
regarding diet counseling, as well as patient, practice, and dentist
background data.

The Dental Practice-Based Research Network Japan (JDPBRN)
is a consortium of dental practices with a broad representation of
practice types, treatment philosophies, and patient populations,
and has a shared mission with the DPBRN [20], now called the
National Dental PBRN (http://NationalDentalPBRN.org). The
network regions of the JDPBRN represent all seven districts in
Japan (Hokkaido, Tohoku, Kanto, Chubu, Kansai, Chugoku-
Shikoku, and Kyushu). Questionnaires were distributed, answered,
and returned by the method described in the previous study
[16,18,21].

Participants
We queried dentists working in outpatient dental practices who
were affiliated with JDPBRN (n = 282). Participants who indicated
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that they perform restorative dentistry at their practice were
recruited from the JDPBRN website and mailings.

Dentists’ Dietary Perceptions and Practice Patterns of

Diet Counseling

Perception of the importance of diet in a treatment plan was
measured using the following question: For patients more than 18
years old, how important is diet when you decide on a treatment
plan?: (1) not at all important, (2) slightly important, (3) moderately
important, (4) very important, (5) extremely important.

Practice patterns of diet counseling were measured using the
following question: What percentage of patients do you or your
staff’ perform diet counseling for at some time while they are
patients in your practice?

Variable Selection

To identify dentist, patient, and practice characteristics associ-
ated with provision of diet counseling, theoretical models were
discussed and identified in accordance with previous studies
[16,18,22,23]. In addition, explanatory variables were extracted,
consisting of four categories: (1) dentists’ individual characteristics
(years since graduation from dental school and gender), (2) practice
setting (type of practice and busyness, and city population
[government ordinance-designated city with population over
700,000 or not]), (3) patients’ characteristics (percentage of
patients interested in caries prevention, patient age distribution,
and percent of patients who self-pay), and (4) procedure-related
characteristics (whether or not caries risk is assessed as a routine
part of treatment planning, and percentage of patients receiving
blood pressure screening).

Statistical Analysis

1. Description and relationship between dietary
perception and practice patterns of diet counseling. We
examined the relationship between perception of the importance
of diet and practice patterns regarding diet counseling. Chi-square
tests were performed to assess the association between perception
and practice patterns.

Perception of the importance of diet was categorized dichoto-
mously: “less important” [(1) not at all important, (2) slightly
important, (3) moderately important], and “more important™ [(4)
very important, (5) extremely important] according to the previous
study [24]. The percentage of patients reported by dentists who
would receive diet counseling was reported as the mean score. For
the assessment of robustness, we performed a sensitivity analysis
using the median.

2. Factors affecting the decision to provide diet
counseling. Descriptive analysis was conducted via univariate
regression analysis for explanatory variables associated with
dentists” practice patterns of diet counseling. Subsequently,
multiple logistic regression analysis was conducted to examine
the relationship between explanatory variables and prevalence of
patients receiving diet counseling. Odds ratios and 95%
confidence intervals (CIs) were calculated. All statistical analyses
were performed with the STATA/SE® (version 10; STATA
Corporation, College Station, TX, USA). Statistical significance
was set at p<<0.05.

Results

Demographic Information of Participants

Questionnaires were distributed to 282 dentists, and valid
responses were collected from 189 (67%). Demographic charac-
teristics of study participants are shown in Table 1 [16]. The mean
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number of years (*standard deviation) elapsed since graduation
from dental school was 18.5%9.9, and participants were predom-
mantly male (n = 154, 82%). With regard to practice setting, 40%
(n=76) of practices were established in government ordinance-
designated cities of over 700,000. The percentage of dentists who
perform caries risk assessment as a routine part of treatment

planning was 26% (n=49).

Dentists’ Dietary Perceptions and Practice Patterns of
Diet Counseling

One hundred and sixteen participants (63%) answered that they
value diet as a “more important” aspect when they decide on a
treatment plan (Table 2). The percentage of patients who would
receive diet counseling is shown in Figure 1. The mean percentage
of patients who would receive diet counseling was 21% (Table 1).
Seventy-three participants (40%) gave diet counseling to more
than 20% of patients (Table 2).

Table 2 shows the relationship between participants’ dietary
perceptions and practice patterns regarding diet counseling.

Table 1. Participant characteristics [16].

Dentists’ Dietary Perception and Practice Patterns

Among participants who believe diet is “more important”
(n=116), only 48% (n=56) gave diet counseling to more than
20% of their patients. Participants who think diet is “more
important” gave diet counseling significantly more often than
those who think diet is “less important” (p =0.002) (Table 2).

Factors Affecting the Decision to Perform Diet

Counseling

The results of multiple logistic regression analysis are shown in
Table 3. Five factors were significantly associated with the intent to
provide diet counseling. The odds ratios (95% CI) were: gender,
2.76 (1.04-7.34); practice busyness, 0.21 (0.04-0.97); percentage of
patients interested in caries prevention, 1.98 (1.31-3.01); doing
caries risk assessment, 2.59 (1.02-6.59); and percentage of patients
getting blood pressure screening, 1.24 (1.03-1.49). The results
were similar when an analysis used an outcome cut-off of 15%
(median) instead of 20% (mean).

Number (%) or Mean*=SD

Dentist’s Individual Characteristics
Years since graduation from dental school (year)* (n=185)
Gender (male), n(%) (n=187)
Practice Setting
Type of practice, n (%) (n=182)
Employed by another dentist

Practice busyness, n (%) (n=181)
Too busy to treat all people requesting appointments
Provided care to all, but the practice was overburdened
Provided care to all, but the practice was not overburdened
Not busy enough
City population (government ordinance-designated city), n(%) (n =189)
Patients’ Characteristics
Percentage of patients interested in caries prevention, n(%) (n=189)
0% (none)
1-24%
25-49%
50-74%
75-99%
100%
Patient age distribution*
1-18 years old (%) (n=183)
19-44 years old (%) (n=188)
45-64 years old (%) (n=183)
65+ years (%) (n=183)
Percent of patients who self-pay (%)*(n =183)
Dental Procedure Characteristics
Caries risk is assessed as a routine part of treatment planning, n(%) (n=189)
Percentage of patients get blood pressure screening (%)*(n=183)

Percentage of patients who receive diet counseling (%)*(n = 183)

Self-employed without partners and without sharing of income, costs, or office space

18.5*+9.9
154 (82)

77 (41)
105 (56)

19 (11)
72 (40)
59 (33)
31 (17)
76 (40)

16 (8)
80 (42)
38 (20)
46 (24)
8 (4)
1(1)

16.1+13.2
248*11.0
30.4*11.2
285*17.4
8.6£16.6

49 (26)
9.7+20.9
21.4%27.2

*Mean=SD.
doi:10.1371/journal.pone.0059615.t001
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Figure 1. Distribution of the percentage of patients reported by dentists who would receive diet counseling. More than 50% of
dentists reported that less than 20% of their patients would receive diet counseling.

doi:10.1371/journal.pone.0059615.g001

Discussion

The majority of participants (n = 116, 63%) recognized that diet
is “more important” when they decide on a caries treatment plan.
However, less than half (n=>56, 48%) of these participants who
indicated that diet is “more important” would give diet counseling
to more than 20% of their patients. Results of multiple logistic
regression analysis suggested that several variables were associated
with dentists’ intent to give diet counseling. Specifically, dentist’s
gender, practice busyness, percentage of patients interested in
caries prevention, doing caries risk assessment, and percentage of
patients receiving blood pressure screening, were all significantly
associated with providing diet counseling.

The proportion of participants who place high value on the
importance of diet for deciding a treatment plan (63%) was
consistent with previous studies. According to the results of the
same questionnaire survey by the US DPBRN, 67% of male and
72% of female dentists think patient’s diet is very or extremely
important when they decide on a treatment plan [24]. Also, Kelly
et al. noted that 66% of British dentists in their study responded
that they believe that nutrition plays an important role in the
maintenance of periodontal health [17]. These studies showed that
over 60% of dentists in the US, UK, and Japan recognized the
importance of diet.

However, only about 20% of patients would receive diet
counseling in this study [16]. This low rate of dietary counseling
practice patterns in dental clinics is consistent with previous
studies. Kelly et al. also showed that only 14% of dentists or other
dental professionals provided dietary advice as a regular part of
patient care [17]. Touger-Decker et al. pointed out that perceived
needs for nutrition education in dental school were high, with most
respondents indicating the need for graduates of dental school
programs to know how and when to conduct a nutrition
assessment [25]. These findings indicate that achieving an increase
in practice patterns of administering diet counseling in dental
settings depends on the provision of appropriate education for
dentists.

Our study clarified that female dentists and dentists who
routinely do caries risk assessment tend to give more diet
counseling than males or those who do not routinely do caries
risk assessment. Also, according to the results of the same
questionnaire survey by the US DPBRN;, female dentists showed
a greater overall preventive orientation than male dentists [24]. In
addition, our previous results showed that female dentists and
dentists who conduct caries risk assessment tend not to surgically
intervene in enamel carious lesions, which is considered best
practice for non-cavitated caries confined to enamel [16]. These

Table 2. Dentists’ dietary perception and practice of diet counseling* (n=183).

Less important, n (%)

More important, n (%) Total, n (%)

% of patients receiving diet counseling <20% 50 (75)

% of patients receiving diet counseling =20% 17 (25)

60 (52)
56 (48)

110 (60%)
73 (40%)

*p=0.002.
doi:10.1371/journal.pone.0059615.t002
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results suggest that these factors are possibly related to overall
preventive practices, including the provision of diet counseling.

Practice busyness was not a disincentive for participants’
decisions to give diet counseling. Our previous study clarified that
practice busyness was not related to dental preventive practice,
such as interproximal enamel surgical intervention thresholds [16].
This study shows that dentists who are not sufficiently busy did not
tend to give more diet counseling than those who are busy. This
result suggests that Japanese dentists do not decide whether or not
to give diet counseling based on practice busyness.

Also, screening for high blood pressure (BP) was associated
with administration of diet counseling. BP
particularly important for dentists to better manage patients
with hypertension so that anxiety and pain can be avoided.
More importantly BP should be carefully monitored and ideally
be well under-control before the dentist begins certain dental
treatments that have the potential to increase blood pressure
[26]. In this study, 69 participants (38%) did not provide blood
pressure screening to any patients. The safety and effectiveness
of oral health care will be improved if more dentists provide
blood pressure screening as a part of general preparation for the
management of emergencies.

In addition, dentists’ perception of patient interest in preventive
programs was associated with the provision of diet counseling in
this study. Previous studies pointed out that patient willingness,
liability, cost, and time were perceived barriers to the performance
of medical screening in dental practice [27]. In the present study,
over half of participants (51%, n=96) thought that less than 25%
of their patients were interested in preventive programs. However,
a previous study of patient attitudes to preventive programs
pointed out that the majority of patients were willing to have a

screening s
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Table 3. A multiple logistic regression of whether the dentist provides diet counseling on 20% or more of patients (n=163).
Variable Odds Ratio 95% CI p value
Dentists’ Individual Characteristics
Years since graduation from dental school 1.02 0.98 1.06 0.342
Gender (reference: male) 2.76 1.04 7.34 0.041
Practice Setting
Type of practice

Employed by another dentist 1.00

Self-employed without partners and without sharing of income, costs, or office space 0.85 0.36 1.98 0.700
Practice busyness

Too busy to treat all people requesting appointments 1.00

Provided care to all who requested appointments, but the practice was overburdened 0.69 0.20 2.38 0.561

Provided care to all who requested appointments, but the practice was not overburdened 0.62 0.17 232 0.481

Not busy enough- the practice could have treated more patients 0.21 0.04 0.97 0.046
City population (reference: non-government ordinance designated city) 1.22 0.56 2.65 0.623
Patients’ Characteristics
Percentage of patients interested in caries prevention 1.98 131 3.01 0.001
Percentage of elderly patients (65 or older) 1.00 0.98 1.02 0.902
Percentage of practice revenue or charges from self-pay 1.00 0.97 1.02 0914
Dental Procedure Characteristics
Caries risk assessment is done as a routine part of treatment planning (reference: no) 2.59 1.02 6.59 0.046
Percentage of patients receiving blood pressure screening (every 25%) 1.24 1.03 1.49 0.025
The outcome of interest (diet counseling) was coded 1= provides diet counseling on 20% or more of the practice’s patients; 0= does not. Hosmer-Lemshow goodness-
of-fit, 0.91.
doi:10.1371/journal.pone.0059615.t003

dentist conduct screening for heart disease, high blood pressure,
and diabetes [28]. Ongoing improvement in understanding of
preventive care in dental practice requires education for both
patients and dentists. Additionally, a better understanding of
patients’ and dentists’ agreement on need for communication of
preventive care could be further explored [29].

The main strength of this study was its relatively wide variety of
participants, with respondents hailing from all over Japan. The age
and gender distribution of this study sample was similar to the
actual distribution of dentists in Japan [30], thereby enhancing the
generalizability of the findings. However, the study results should
be approached with caution. First, participants were not selected
by random sampling, but rather by responding to the invitation to
participate in the JDPBRN. Second, no objective standard for cut-
off regarding an adequate prevalence of patients receiving diet
counseling has been established, although we used prior planned
cut-offs using mean and median for the assessment of robustness.
Finally, given the cross-sectional nature of our study, causative
relationships between factors and the provision of diet counseling
were difficult to assess.

Conclusion

Our study confirmed that discrepancies between the high level
of perception of diet importance and practice patterns in the
provision of diet counseling exist. Remedying this discrepancy
requires additional dentist education, including nutritional and
systemic disease concepts; patient education to increase perception
of the importance of caries prevention; and programs that provide
the opportunity to demonstrate the feasibility of delivering
packaged diet counseling programs for implementation in dental
clinical settings.

March 2013 | Volume 8 | Issue 3 | e59615



Author Contributions

Revised and reviewed the paper: YY NK FS YM GHG VVG. Conceived
and designed the experiments: YY NK FS YM GHG VVG. Performed the

References

1.

6.

Centers for Disease Control and Prevention (2012) Preventing Dental Caries
with Community Programs. Available: http://www.cdc.gov/oralhealth/
publications/factsheets/dental_caries.htm. Accessed 2012 Dec 5.

. World Health Organization (2012) Oral health. Fact sheet N°318. Available:

http://www.who.int/mediacentre/factsheets/fs318/en/index.html.  Accessed
2012 Dec 5.

. Tinanoff N, Kanellis MJ, Vargas CM (2002) Current understanding of the

epidemiology mechanisms, and prevention of dental caries in preschool children.
Pediatr Dent 24: 543-551.

. Touger-Decker R, Mobley CC (2007) Position of the American Dietetic

Association: oral health and nutrition. J] Am Diet Assoc 107: 1418-1428.

. No author listed (2003) Diet, nutrition and the prevention of chronic diseases.

World Health Organ Tech Rep Ser 916: i-viii, 1-149, backcover.

Nunn ME, Braunstein NS, Krall Kaye EA, Dietrich T, Garcia RI, et al. (2009)
Healthy eating index is a predictor of early childhood caries. J] Dent Res 88:
361-366.

. Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, et al. (2003)

Seventh report of the Joint National Committee on Prevention, Detection,
Evaluation, and Treatment of High Blood Pressure. Hypertension 42: 1206
1252.

. No author listed (2012) Standards of medical care in diabetes-2012. Diabetes

Care 35 Suppl 1: S11-63.

. Yang Q, Cogswell ME, Flanders WD, Hong Y, Zhang Z, et al. (2012) Trends in

cardiovascular health metrics and associations with all-cause and CVD mortality

among US adults. JAMA 307: 1273-1283.

. Mente A, de Koning L, Shannon HS, Anand SS (2009) A systematic review of

the evidence supporting a causal link between dietary factors and coronary heart
disease. Arch Intern Med 169: 659-669.

. Doll R, Peto R (1981) The causes of cancer: quantitative estimates of avoidable

risks of cancer in the United States today. J Natl Cancer Inst 66: 1191-1308.

. Kushi LH, Doyle C, McCullough M, Rock CL, Demark-Wahnefried W, et al.

(2012) American Cancer Society Guidelines on nutrition and physical activity for
cancer prevention: reducing the risk of cancer with healthy food choices and

physical activity. CA Cancer J Clin 62: 30-67.

. Palacios C, Joshipura K, Willett W (2009) Nutrition and health: guidelines for

dental practitioners. Oral Dis 15: 369-381.

. Dyer TA, Robinson PG (2006) General health promotion in general dental

practice—the involvement of the dental team. Part 1: a review of the evidence of
effectiveness of brief public health interventions. Br Dent J 200: 679-685;
discussion 671.

. Harris R, Gamboa A, Dailey Y, Ashcroft A (2012) One-to-one dietary

interventions undertaken in a dental setting to change dietary behaviour.
Cochrane Database Syst Rev 3: CD006540.

PLOS ONE | www.plosone.org

Dentists’ Dietary Perception and Practice Patterns

experiments: NK YM FS. Analyzed the data: YY NK. Contributed
reagents/materials/analysis tools: YY NK FS YM GHG VVG. Wrote the
paper: YY NK.

20.

21.

25.

26.

27.

28.

30.

Kakudate N, Sumida F, Matsumoto Y, Manabe K, Yokoyama Y, et al. (2012)
Restorative Treatment Thresholds for Proximal Caries in Dental PBRN. J Dent
Res 91: 1202-1208.

. Kelly SA, Moynihan PJ (2008) Attitudes and practices of dentists with respect to

nutrition and periodontal health. Br Dent J 205: E9; discussion 196-197.
Gordan VV, Garvan CW, Heft MW, Fellows JL, Qvist V, et al. (2009)
Restorative treatment thresholds for interproximal primary caries based on
radiographic images: findings from the Dental Practice-Based Research
Network. Gen Dent 57: 654-663; quiz 664656, 595, 680.

Makhija SK, Gilbert GH, Rindal DB, Benjamin PL, Richman JS, et al. (2009)
Dentists in practice-based research networks have much in common with
dentists at large: evidence from the Dental Practice-Based Research Network.
Gen Dent 57: 270-275.

Gilbert GH, Williams OD, Rindal DB, Pihlstrom DJ, Benjamin PL, et al. (2008)
The creation and development of the Dental Practice-Based Research Network.

J Am Dent Assoc 139: 74-81.

Gordan VV, Bader JD, Garvan CW, Richman JS, Qyist V, et al. (2010)
Restorative treatment thresholds for occlusal primary caries among dentists in
the Dental Practice-Based Research Network. J Am Dent Assoc 141: 171-184.

. Bader JD, Shugars DA (1997) What do we know about how dentists make caries-

related treatment decisions? Community Dent Oral Epidemiol 25: 97-103.
Gilbert GH, Shewchuk RM, Litaker MS (2006) Effect of dental practice
characteristics on racial disparities in patient-specific tooth loss. Med Care 44:
414-420.

Riley JL 3rd, Gordan VV, Rouisse KM, McClelland J, Gilbert GH (2011)
Differences in male and female dentists’ practice patterns regarding diagnosis
and treatment of dental caries: findings from The Dental Practice-Based
Research Network. ] Am Dent Assoc 142: 429-440.

Touger-Decker R, Barracato JM, O’Sullivan-Maillet J (2001) Nutrition
education in health professions programs: a survey of dental, physician assistant,
nurse practitioner, and nurse midwifery programs. J Am Diet Assoc 101: 63-69.
Scully C, Ettinger RL (2007) The influence of systemic diseases on oral health
care in older adults. J] Am Dent Assoc 138 Suppl: 7S-14S.

Greenberg BL, Glick M, Frantsve-Hawley J, Kantor ML (2010) Dentists’
attitudes toward chairside screening for medical conditions. J] Am Dent Assoc
141: 52-62.

Greenberg BL, Kantor ML, Jiang SS, Glick M (2012) Patients’ attitudes toward
screening for medical conditions in a dental setting. J Public Health Dent 72: 28
35.

. Riley JL 3rd, Gordan VV, Rindal DB, Fellows JL, Qvist V, et al. (2012)

Components of patient satisfaction with a dental restorative visit: results from the
Dental Practice-Based Research Network. J Am Dent Assoc 143: 1002-1010.
Ministry of Health Labour and Welfare (2010) Survey of Physicians, Dentists
and Pharmacists: Trends in the number of dentists. Available: http://www.
mhlw.go.jp/toukei/saikin/hw/ishi/ 10/dl/kekka_2.pdf. Accessed 2012 Dec 5.

March 2013 | Volume 8 | Issue 3 | e59615



