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Abstract: Background: Few existing tools quickly identify dietary behaviours related to dental caries.
The objectives of this study were to (i) create a patient-generated questionnaire identifying these
dietary behaviours, (ii) capture information on these dietary behaviours in two specific populations
via questionnaire pilot testing and (iii) determine questionnaire test-retest reliability. Methods:
After development, the questionnaire was reviewed by an expert panel. Cognitive interviewing
was conducted, followed by pilot testing in a general university campus population (n = 80) and
a university dental clinic (n = 10). Retesting was done with the general campus group (n = 53).
Results: Most participants reported never receiving dietary advice from professionals regarding
caries. Sugary foods were most often consumed as snacks in the evening or afternoon, then breakfast.
In total, 41.3% of campus participants consumed high risk items at least a few times per week or more
often. Weekly or more frequent consumption of “other” sugary drinks (e.g., iced tea) was common.
In total, 77.6% of questionnaire items had a kappa value representing moderate agreement or greater.
Conclusions: Dietary behaviours related to caries were common in this pilot study. Given the high
prevalence of caries and low occurrence of prior dietary advice for the same, increased preventive
efforts may be warranted.

Keywords:  diet; dental caries; surveys and questionnaires; nutrition assessment;
cross-sectional studies; dental care

1. Introduction

Dental caries is one of the most common preventable chronic diseases in the world [1].
Untreated dental caries (also called dental cavities or tooth decay) affect 2.4 billion people worldwide [2].
The burden of dental caries is also substantial in Canada. Data from the 2007-2009 Canadian
Health Measures Survey found that 96% of adults in Canada have a history of dental caries [3].
Fluoride application can be used to treat early stages of disease; however, many cases require more
invasive and expensive restorative treatments (fillings and dental crowns) with the most severe
cases requiring extraction. Cases where decay has spread to the pulp of the tooth may also require
pulpectomy or root canal therapy. In addition, the treatment of severe cases of dental caries in young
children sometimes requires general anesthesia; in fact, this was the most common day surgery
procedure in children aged 12-59 months in Canada from 2010-2014 [4].

The role of the diet in the development of dental caries is not simply one contributor to a
multi-factorial disease process [5]; rather, dietary patterns and choices either provide or do not
provide fermentable carbohydrates (including sugars), which are the major essential precursor to caries
formation [6]. The caries process occurs dynamically as bacteria (e.g., Streptococcus mutans) in the
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mouth utilize free sugars—chiefly sucrose—as an energy substrate. When fermentable carbohydrates
are used for energy, pH-lowering acid is produced as a metabolic byproduct. When the critical pH of
approximately 5.5 is reached, the tooth enamel and exposed dentin become demineralized. Over time,
if this process repeats to the extent and frequency that enamel is not able to sufficiently re-mineralize
between acid exposures, caries are formed [7,8].

While preventive strategies such as fluoride (in water, toothpaste, and via in-office procedures)
have been shown to effectively reduce the speed at which carious lesions develop, they do not address
the principal underlying cause of the disease process, which is the intake of dietary sugars [9]—without
this, caries would not occur. Multiple clinical and population-based studies worldwide have found a
direct correlation of caries burden with the free sugar content of the diet [5]. While consequences for
children can be particularly devastating, the progressive nature of dental caries dictates an urgent need
for dietary intervention strategies and tools directed at individuals of all ages [5,9].

Despite the extensive body of knowledge on the process, prevalence, and consequences of dental
caries, few tools have been created for dietitians, dental professionals, and other healthcare educators
to quickly and efficiently assess dietary habits to identify nutritional risk for dental caries [10-13].
Although a large body of long-term evidence to support the effectiveness of nutrition counselling
on caries reduction is lacking [14], it has been demonstrated that nutrition counselling may achieve
significant reductions in caries rates and reduce high risk dietary behaviours [13,15]. Commonly used
diet reporting techniques include food diaries, food frequency questionnaires and food recalls [14],
which require nutritional knowledge, training, and clinician time to assess. Because of these factors,
it is unsurprising that reported barriers to dietary assessment and counselling in the dental setting
include insufficient compensation, lack of personal knowledge needed for diet analysis and counselling,
and negative attitudes towards the usefulness of such tools [16,17].

Client-generated assessment tools may address clinician barriers by requiring minimal time and
training to use. To our knowledge, no such questionnaire focusing exclusively on dietary behaviours
that are both protective and harmful regarding dental caries for individuals of all ages currently exists.
The purpose of this study was (i) to create a questionnaire that identifies dietary behaviours related
to dental caries and can be expediently completed by the client, (ii) to conduct a pilot test of the
questionnaire to capture information on dietary behaviours related to dental caries in two different
populations and (iii) to assess test-retest reliability of the questionnaire.

2. Materials and Methods

The study was approved by the University of Saskatchewan Behavioural Research Ethics Board
(BEH: #99). All participants provided informed consent.

2.1. Questionnaire Development and Expert Review

A questionnaire was drafted to reflect current evidence on dietary behaviours influencing risk of
dental caries in April 2018-May 2018. The goal was to create a tool that captures data on risk factors,
protective factors and overall quality of the diet within the past 3 months that can be expediently
completed by the client. First, questions were included to assess dietary behaviours that have been
positively associated with increased development of dental caries. The timing, frequency of intake
and total intake of foods containing fermentable carbohydrates and the direct addition of dietary free
sugars have been associated with proportional increase in risk of caries. Some forms of fermentable
carbohydrate (e.g., sticky textures, highly processed starches) have also been implicated in increased
risk of caries [7,8,18]. Second, questions were included to capture data on dietary behaviours that may
provide protection against caries, particularly when consumed with or after fermentable carbohydrates,
including dairy products (e.g., milk, cheese and yogurt) [7,8]. Third, questions regarding general
dietary patterns were developed to assess overall frequency of food and beverage intake, as risk of
dental caries has been shown to increase proportionally to frequency of dietary intake in general.
Vegetable and fruit intake was assessed as an indicator of overall diet quality [7,8,18].
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After the development of a draft questionnaire, an expert panel of Canadian dental (1 = 2) and
nutrition (n = 5) professionals from academic, clinical and public health backgrounds reviewed the
document in May 2018. Reviewers were invited to provide comments on specific questions as well
as the overall questionnaire, and to score each item for content validity and clarity, with response
options given as 1 = “not”, 2 = “somewhat”, 3 = “rather” or 4 = “highly” relevant or clear. Responses
were summed and averaged to determine a mean score for the relevancy and clarity of each question,
and ranged from 3.29 to 4.00 and 2.33 to 4.00, respectively. One question with a low mean score was
removed and revisions were made.

2.2. Cognitive Interviews

Following the expert review, cognitive interviews [19] were conducted with adults (1 = 4) from the
University of Saskatchewan campus community in June 2018. Participants were female undergraduate
students or staff members with a university degree. These participants were provided with a thank
you gift card ($10 CAD).

During the interviews which ranged in duration from 15-30 min each, participants were
instructed to complete the questionnaire by “thinking out loud” as they read and answered each
question. Commentary was encouraged around interpretation of wording, calculations and arrival
at answers, and available response options. Comments were recorded and later analyzed to identify
common themes.

These findings revealed general confusion regarding cariogenicity of sugars perceived to be
naturally-occurring vs. chemically processed. In addition, comments were used to revise the
questionnaire to have more precise wording around dietary sugars, portion sizes and specific food or
beverage items.

2.3. Pilot Testing

Next, the questionnaire was pilot tested concurrently in two groups at the University of
Saskatchewan from June 2018-July 2018: the general campus community (campus group—online
survey mounted on SurveyMonkey (SurveyMonkey Inc, San Mateo, CA, USA)), and patients attending
the University of Saskatchewan Dental Clinic (clinic group—paper-based survey). Nutrition and
dental students, faculty and professionals were not eligible to participate. Participants were recruited
from the campus community through an advertisement on the university’s online bulletin system.
Patients attending the university’s dental clinic were invited to participate by clinic reception staff.
In addition to completing the nutrition questionnaire, participants were also invited to provide
demographic, dental health and oral hygiene information. During the pilot test, participants were
also invited to provide constructive feedback on the nutrition questionnaire. A formal sample size
calculation was not conducted for the pilot test as Thabane et al. [20] have suggested that sample size
calculations for pilot studies are not always necessary.

2.4. Test-Retest Reliability

All participants from the campus group were invited to participate in test-retest reliability testing
of the nutrition questionnaire. A sample size of >50 was desired for the test-retest reliability study [21].
If interested, participants were sent a link by email to complete the nutrition questionnaire a second
time approximately one week later. A $10 CAD gift card was offered as compensation to those who did.
A copy of the final version of the nutrition questionnaire is available as supplementary information in
Figure S1.

2.5. Data Analysis

All data analyses were conducted using SPSS v25 (IBM Corp, Armonk, NY, USA). Descriptive
statistics were performed for the first questionnaire completion for all participants from both groups.
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To measure test-retest reliability, both absolute (percentage) agreement as well as kappa (Cohen’s
kappa for nominal variables; weighted kappa with linear weights for ordinal variables) were
determined. The extension STATS_WEIGHTED_KAPPA was used to determine weighted kappas
in SPSS. We considered kappas of <0.20 to represent slight agreement, 0.21-0.40 fair agreement,
0.41-0.60 moderate agreement, 0.61-0.80 substantial agreement, and 0.81 or greater to represent almost
perfect agreement [22].

3. Results

In the campus group, n = 90 consented to participate, and n = 80 completed most or all of
the nutrition questionnaire. In the dental clinic group, n = 10 participants completed most or all
of the nutrition questionnaire. Participant demographics are provided in Table 1. The sample was
mainly female (campus: 75.0%; clinic: 70.0%) and most campus group participants were students
(undergraduate: 45.0%; graduate: 33.8%). In both groups, most participants identified as Caucasian
(campus: 72.5%; clinic: 75.0%). In addition, about 1/5 of participants were newcomers to Canada
within the previous five years (campus: 16.3%; clinic: 22.2%). Most participants also self-reported
a history of dental caries (campus: 85.9%; clinic: 77.8%), with almost half self-reporting having had
caries diagnosed by a dental professional within the past two years (campus: 41.8%; clinic: 42.9%).

Table 1. Participant Demographic Characteristics.

Campus Clinic
1 (%) n (%)
Sex
Female 60 (75.0) 7 (70.0)
Male 20 (25.0) 3 (30.0)
Age (years)
6-13 0(0.0) 3(30.0)
18-34 65 (81.3) 2 (20.0)
35-54 14 (17.5) 2 (20.0)
55 and older 1(1.3) 3 (30.0)
Position on Campus
Undergraduate student 36 (45.0) -
Graduate student 27 (33.8) -
Staff/Faculty/Post-Doctoral Fellow 12 (15.0) -
Other 4 (5.0) -
Prefer not to answer 1(1.3) -
Newcomer to Canada within the past 5 years
No 65 (81.3) 7 (77.8)
Yes 13 (16.3) 2 (22.2)
Prefer not to answer 2(2.5) 0(0.0)
Self-reported history of dental caries
No 10 (12.8) 2 (22.2)
Yes 67 (85.9) 7 (77.8)
Prefer not to answer 1(1.3) 0 (0.0)
Self-reported history of caries diagnosed by a dental professional within the past 2 years
No 36 (53.7) 4 (57.1)
Yes 28 (41.8) 3(42.9)
Do not know 3(4.5) 0 (0.0)

Note: Numbers vary as not all participants submitted answers for each question.

Many participants indicated that they had never previously received nutrition information or
advice from a health professional regarding dental caries (campus: 62.8%; clinic: 44.4%). Of those
participants who had received advice from a health professional, most had received information from
a dental professional (campus: 83.3%, clinic: 100.0%), followed by a registered dietitian (campus:
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11.1%, clinic: 40.0%), doctor (campus: 2.8%, clinic: 20.0%), or a nurse/nurse practitioner (campus: 2.8%,
clinic: 20.0%).

Participant self-reported behaviours regarding intake of sugary foods are presented in Table 2.
Evening snacks, afternoon snacks, and breakfast were the most common times for sugary food
consumption among participants. In the campus group, 51.3%, 40.0%, and 33.8% of participants
usually consumed sugary foods at evening snacks, afternoon snacks, and breakfast, respectively. In the
clinic group, 70.0%, 30.0%, and 20.0% of participants usually consumed sugary foods at afternoon
snacks, evening snacks, and breakfast, respectively. In the clinic group, most people (60.0% of
participants) reported adding sugar to food and drinks, whereas in the campus group, most people
indicated that they did not (57.0% of participants). Among those who added sugar to their food
and drinks, the reported mean amount added was 2.0 + 1.3 teaspoons/day in the campus group and
2.1 + 1.7 teaspoons/day in the clinic group. Considering high risk items (e.g., dried fruit/fruit snacks,
sugary candies, mints or lozenges), 41.3% of the campus group reported consuming these items a few
times per week or more often versus 40.0% of the clinic group.

Table 2. Sugar consumption behaviours among participants in the Campus and Clinic groups.

Campus Clinic
n (%) n (%)
Usual daily intake pattern—sugary foods
Breakfast 27 (33.8) 2 (20.0)
Morning snack 14 (17.5) 1(10.0)
Lunch 10 (12.5) 1(10.0)
Afternoon snack 32 (40.0) 7 (70.0)
Evening meal 21 (26.3) 1(10.0)
Evening snack 41 (51.3) 3(30.0)
Consumption of one or more high-risk items (dried fruit/fruit snacks, sugary candies, mints or lozenges)
Rarely or never 9 (11.3) 1(10.0)
A few times per month or less 38 (47.5) 5 (50.0)
A few times per week 25 (31.3) 3(30.0)
Once per day 8 (10.0) 1(10.0)
Addition of sugar to food and drinks
No 45 (57.0) 4 (40.0)
Yes 34 (43.0) 6 (60.0)

Note: Numbers vary as not all participants submitted answers for each question.

Foods and beverages were commonly reported to be consumed as snacks by participants;
these items were examined separately due to differences in clearance times of liquids and solids in the
oral cavity. In the campus group, for morning snacks, food was more frequently reported to be usually
consumed compared to beverages (40.0% of participants reported usually consuming food vs. 8.8% of
participants reported usually consuming beverages). However, in the clinic group, 10.0% of participants
reported consuming food and 10.0% of participants reported consuming beverages at morning snacks.
At evening snacks, more participants in both groups usually consumed food compared to beverages
(campus: 53.8% food vs. 36.3% beverages; clinic: 50.0% food vs. 20.0% beverages). In the clinic group,
for afternoon snacks, 40.0% of participants reported usually consuming beverages and 30.0% reported
usually consuming food. However, in the campus group, 52.5% reported usually consuming food,
and 23.8% reported usually consuming beverages for afternoon snacks. On average, the campus group
reported consuming 2.7 servings of vegetables and 2.1 servings of fruit daily. The clinic group reported
consuming 2.3 and 2.1 servings of each, respectively.

Behaviours regarding intake of beverages and foods that may increase or decrease caries risk
are reported in Table 3. For sugary non-dairy beverages consumed, “other” sugary drinks (e.g.,
iced tea, sports or energy drinks, sweetened iced coffee, iced cappuccinos, etc.) were commonly
consumed in both groups (campus: 53.8% of participants consumed these beverages a few times
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per week or more often; clinic: 50.0% consumed these beverages a few times per week or more
often). Juice was more commonly consumed compared to pop in both groups (juice - campus: 36.7%
consumed juice a few times per week or more often; clinic: 50.0% consumed juice a few times per
week or more often; pop — campus: 20.3% consumed pop a few times per week or more often; clinic:
30.0% consumed pop a few times per week or more often). Just 7.9% of the campus and 20.0% of
the clinic participants consumed flavoured cow’s milk a few times per week or more often, while
44.7% and 66.7%, respectively, consumed sugar-sweetened yogurt a few times per week or more
often. Soy milk was consumed infrequently; it was not consumed in the clinic group, and only 6.5%
of campus participants reported consumption a few times per week. No participants in the clinic
group reported consuming “other” non-dairy milk beverages, however, 33.3% of the campus group
participants reported consuming these beverages a few times per week or more often. Just 23.4% of
campus participants reported consuming plain cow’s milk at least once per day or more frequently,
compared to 50.0% of the clinic group. For cheese, 79.5% of campus and 90.0% of clinic participants
reported consumption a few times per week or more often; for unsweetened yogurt, 38.2% of campus
participants and 60.0% of clinic participants reported consumption a few times per week or more often.

In total, 60 campus group participants began the nutrition questionnaire a second time,
approximately one week after their first completion; of those, n = 53 completed the questionnaire and
had their first and second responses successfully matched. Detailed test-retest reliability results are
available in Table 4. Overall, absolute (%) values ranged from 50.9% to 96.2%, Weighted Kappa values
ranged from 0.503 to 0.834 and Cohen’s Kappa values ranged from —0.026 to 0.767. In total, 77.6% of
questionnaire items had a value of 0.41 (moderate agreement) or greater. By question type, 69.4% of
Cohen’s kappa scores (used for categorical variables), and 100% of weighted kappa scores (used for
ordered responses) achieved moderate agreement or greater.
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Table 3. Consumption behaviours of food and beverage items that may be associated with increased or reduced dental caries risk among participants in the Campus

and Clinic groups.

Frequency of Sugary Non-Dairy Beverages Dairy — Sugar Sweetened Non Dairy Milk Beverages Dairy — No Sugar Added
Consumption . Other Milks
Juice Pop/Soda Other.Sugary Flavourgd Cow’s Yogurt Soy Milk (Almond, Rice, Cow’s Milk Cheese Yogurt
Drinks Milk
Hemp, Coconut, etc.)
Campus Clinic Campus Clinic Campus Clinic Campus Clinic Campus Clinic Campus Clinic Campus n Clinic Campus Clinic Campus Clinic Campus Clinic
n (%) n (%) n (%) n (%) n (%) 1 (%) n (%) 1 (%) n (%) n (%) n (%) n (%) (%) 1 (%) n (%) n (%) n (%) n (%) n (%) 1 (%)
Rarely or 50 5 63 7 37 5 70 8 42 3 72 4 52 9 37 3 16 1 47 4
never (63.3) (50.0) (79.7) (70.0) (46.3) (50.0) (92.1) (80.0) (55.3) (33.3) (93.5) (100.0) (66.7) (100.0) (48.1) (30.0) (20.5) (10.0) (61.8) (40.0)
A few times 25 4 14 3 35 4 3 2 26 6 5 0 14 0 22 2 38 9 15 5
per week (31.6) (40.0) 17.7) (30.0) (43.8) (40.0) 3.9) (20.0) (34.2) (66.7) (6.5) (0.0) (17.9) (0.0) (28.6) (20.0) (48.7) (90.0) (19.7) (50.0)
Once per da 4 0 2 0 6 1 2 0 8 0 0 0(0.0) 9 0 12 3 20 0 13 1
P y 5.1) (0.0) (2.5) (0.0) (7.5) (10.0) (2.6) (0.0) (10.5) (0.0) (0.0) ’ (11.5) (0.0) (15.6) (30.0) (25.6) (0.0) 17.1) (10.0)
More than 0 1 0 0 2 0 1 0 0 0 0 0 3 0 6 2 4 0 1 0
once per day (0.0) (10.0) (0.0) (0.0) (2.5) (0.0) (1.3) (0.0) (0.0) (0.0) (0.0) (0.0) 3.8) (0.0) (7.8) (20.0) (5.1) (0.0) (1.3) (0.0)

Note: Numbers vary as not all participants submitted answers for each question.
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Table 4. Nutrition Questionnaire Test-Retest Reliability Results.

. . . ) Absolute
Item Question Text Question Format Weighted Kappa Cohen’s Kappa Agreement (%)
Each day, when do you usually have drinks, including
smoothies? Do not include water, unsweetened black coffee or ~ Check all that apply
tea, or other zero-calorie drinks.
Breakfast 0.654 83.0
1. Morning Snack 0.314 83.0
Lunch 0.393 77.4
Afternoon Snack 0.339 71.7
Evening Meal 0.350 73.6
Evening Snack 0.508 774
Each day, when do you usually have food? Check all that apply
Breakfast 0.694 88.7
Morning Snack 0.685 84.9
2. Lunch -0.047 90.6
Afternoon Snack 0.508 75.5
Evening Meal -0.026 94.3
Evening Snack 0.427 71.7
When do you usually eat sugary or sweet foods such as cereals,
cookies, cakes, baked goods, chocolate bars, fruit in syrup, or ~ Check all that apply
other sugary foods?
Breakfast 0.488 774
Morning Snack 0.554 86.7
3 Lunch 0291 86.8
Afternoon Snack 0.279 64.2
Evening Meal 0.063 73.6
Evening Snack 0.469 73.6
Rarely or Never 0.466 849
How often do you usually drink each of the following? Cfategorlcal
requency
Juice (100% juice or other fruit drinks) 0.735 84.6
4. Pop/Soda (regular or reduceq—sugar 0714 904
but not diet or zero-calorie)
Other sugary drinks (iced tea, sports
or energy drinks, sweetened iced 0.597 76.9
coffee, iced cappuccinos, etc.)
Do you add sugar to food or drinks? Include: white or brown
sugar, molasses, honey, agave, other natural or processed syrup,
5. and other natural sugars such as cane, coconut or palm sugar. Yes/No 0.674 849

Do not include calorie-free sweeteners such as aspartame, stevia
or sucralose.

Do you chew sugary gum, or eat any of the following: dried

6. fruit, chewy fruit snacks, sugary candies (gummy or hard), (l::i;ei(;:ial 0.560 66.0
breath mints or throat lozenges? q Y
How many servings of vegetables and fruits do you eat each
day? (Select the closest answer)
One serving of vegetables is % cup of fresh, frozen or cooked
vegetables, % cup of cooked greens or 1 cup of raw leafy greens
One serving of fruit is one whole piece of fruit or % a cup of
chopped or frozen fruit (not fruit juice or juice canned in syrup
Vegetable servings Categorical 0.514 50.9
frequency
Fruit servings Categorical 0.627 50.1
frequency
How often do you usually drink the following types of milk? .
. (U g Categorical
(Please specify a number if indicated). Include milk that you frequenc
have with cereal. quency
s Plain cow’s milk 0.707 75.0
Flavoured cow’s milk 0.788 95.9
Soy milk (any type) 0.503 90.2
Other milks 0.834 90.6
9. If you drink soy milk or other milk (such as almond, rice, hemp, Multiple choice 0711 83.0

coconut, cashew, etc.), has sugar been added?

If you drink soy milk or other milk (such as almond, rice, hemp,
10. coconut, cashew, etc.), has it been fortified with vitamins Multiple choice 0.645 78.8
and minerals?
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Table 4. Cont.

Absolute

Item Question Text Question Format Weighted Kappa Cohen’s Kappa Agreement (%)

When do you usually have milk (any of the types

mentioned above)? Check all that apply

Breakfast 0.764 90.6
Morning Snack 0.387 86.8
11. Lunch 0.731 96.2
Afternoon Snack 0.497 90.6
Evening Meal 0.590 86.8
Evening Snack 0.705 90.6
Rarely or Never 0.767 94.3
How often do you usually eat cheese or yogurt (made from Categorical
cow’s or goat’s milk, not soy or other ingredients)? frequency
12. Cheese 0.673 71.1
Plain or no added sugar yogurt 0.672 77.6
Sugar sweetened yogurt 0.759 86.3

When do you usually have cheese or yogurt (only the types

listed above)? Check all that apply
Breakfast 0.722 86.8
Morning Snack 0.466 84.9
13. Lunch 0.660 83.0
Afternoon Snack 0.357 75.5
Evening Meal 0.409 71.7
Evening Snack 0.515 81.1
Rarely or Never 0.560 925

4. Discussion

To our knowledge, this is among the first studies to describe the development, pilot testing and
test-retest reliability testing of a patient-generated questionnaire capturing information exclusively
on a variety of dietary behaviours that affect risk of dental caries. This pilot study also appears to be
among the first studies that captures information on dietary behaviours related to dental caries in a
Canadian university campus population.

Overall, our pilot study found that dietary behaviours related to dental caries were relatively
common in a Canadian university campus sample. For example, we found that consumption of
sugary beverages was common. More specifically, we also found that consumption of other sugary
drinks (e.g., iced tea, sports or energy drinks, sweetened iced coffee, iced cappuccinos, etc.) was more
common than consumption of juice and pop (i.e., other sugary drinks: 53.8% of campus participants
reported consumption a few times per week or more often; juice: 36.7% of campus participants
reported consumption a few times per week or more often; pop: 20.3% of campus participants reported
consumption a few times per week or more often). In addition, we also found that 41.3% of campus
participants consumed a high risk sugary food item at least a few times per week or more often.
Other studies have also found that dietary behaviours generally known to be associated with dental
caries are also common in university student populations. For example, Kunitomo et al. [23] in a
study focusing on oral health found that 24.2% of first year university students at a university in Japan
consumed sugar-sweetened soft drinks frequently. In addition, Luebke and Driskell [24] found that
~64.8% of students at a university in the USA reported consuming 12 oz of pop 1-3 times/week or
more often. They also found that among students who consumed pop, most reported a preference
for regular pop. In addition, these authors also found that ~61.2% of participants reported eating
sugary foods daily. These findings suggest that dietary behaviours associated with dental caries may
be common in campus populations and further study in this area in Canada with a larger sample
size is warranted to better understand this problem. In addition, our pilot study results also suggest
that capturing information on a variety of sugary beverages other than just pop and juice should be a
priority in this line of research.
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One finding from our pilot study that was particularly noteworthy was that afternoon and
evening snacks were the most commonly reported times of day for sugary food intake. Of note,
Kunitomo et al. [23] also found that 23.8% of first year university students at a university in Japan
reported frequent snacking and/or eating at night although they did not investigate the types of foods
eaten during this time. The consumption of sugary foods in the evening is an important finding as
previous research has found that consumption of free sugars close to bed time has been found to be
associated with dental caries in children. For example, Goodwin et al. [25] found that in children
aged 12-13 years, those who consumed >1 sugary snack before bed had a statistically significant
higher mean decayed missing filled tooth (D4.¢MFT) score compared to those who did not (1.5 vs. 0.7).
In addition, Levine et al. [26] found in children that consumption of non-milk extrinsic sugars at bed
time was positively associated with dental caries. The reason for this relationship is thought to be due
to decreased saliva rates which cause a drop in plaque pH [25].

Daily or more frequent consumption of plain cow’s milk was low in both groups, and especially
the campus group. Of note, 33.3% of campus participants reported consuming “other milks” at least a
few times per week or more often. Had we considered only cow’s milk, data for those consuming
non-dairy milk alternatives would not have been captured. Interestingly, soy milk was not widely
reported to be consumed in our study. Although Canadian data are not available, sales of almond
milk alone grew over 250% in the United States from 2011 through 2015 [27]. While these beverages
may be consumed as an alternative to cow’s milk, nutrient profiles of individual products vary greatly
with respect to components impacting dental health such as vitamins, minerals, fat and protein [28].
These products also differ in fortification status and added sugars. Previous research has also found
non-dairy milk beverages exhibit some cariogenic properties. For example, Lee et al. [29] found that
soy beverages and sugar-sweetened almond milk beverages exhibited cariogenic properties in vitro
(e.g., S. mutans biofilm formation, low pH values). In addition, Huang et al. [30] also found that there
was variation in the cariogenic properties of different non-dairy milk beverages with soy, almond,
macadamia, cashew, and coconut being potentially more cariogenic and flax milk being potentially
less cariogenic. Healthcare providers should be aware of these differences and should advise patients
accordingly. Future research is still needed to better understand the relationship between non-dairy
milk beverages and dental caries in clinical trials and epidemiological studies. In addition, we also
found that sugary yogurt was more commonly consumed than non-sugary yogurt in the campus group;
in both groups, intake of cheese was common. We did not attempt to determine at what times sugary
dairy or milk alternatives were consumed versus non-sugary varieties of these items and cheese, as we
did not separate these categories in our questionnaire. As dairy products may offer protective benefit,
client education around consuming these items at snack times or at the end of meals, particularly
where free sugar is also consumed, may be beneficial.

Despite the prevalence of dental caries in Canada and within this study’s sample (approximately
four-fifths of each group had a history of caries and around two-fifths had caries diagnosed by a
dental professional within the past 2 years), many participants indicated that they had never received
advice from a healthcare professional regarding dietary risk factors for dental caries (more than
half of the campus group, and almost half of the clinic group). This finding is not surprising, as
offering nutrition counseling in dental practices is associated with substantial barriers, and few dental
professionals refer patients to dietitians or nutritionists for nutrition counseling [31-34]. In addition,
nutrition training in dental schools has been found to be limited and there have been many challenges
reported with providing this type of education [35,36]. More inter-professional collaboration between
dental professionals and dietitians, as well as education on nutrition and oral health in dietetic and
dental training programs will undoubtedly help to decrease the burden of dental caries. Tools such
as the one developed in this study could potentially help increase dialogue on this topic in various
clinical settings with the aim of decreasing dental caries overall.

Overall, the questionnaire showed good test-retest reliability. Two negative kappa values were
observed for responses to one nominal, select-all-that-apply type question. These type of questions
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received the lowest kappa scores in our study, and have also been found to perform worst and receive
negative kappa values in other studies we reviewed [37,38].

This questionnaire appears to be one of the first of its kind—a practical assessment tool that
healthcare providers can integrate into practice to encourage dietary counselling around specific,
individualized caries risk factors. Further, it is easily modified for use in whole or in part, and designed
for adults and children, supporting nutrition care for dental caries across the lifespan. It is a versatile
tool which we hope will be further refined for integration into practice and research.

Limitations

As neither sample were randomized, results cannot be generalized to other populations.
Additionally, risk of voluntary bias response tends to be high in surveys as those with strong
interests in nutrition or dental health may have responded. However, excluding nutrition and
dentistry students, faculty and professionals and incentivizing participation may have helped to
attenuate this concern. Due to the small size of the clinic sample, we were not able to perform tests of
significance between participant groups, and therefore cannot make inferences regarding differences
between groups.

Content validity was assessed via preliminary expert review; however, further work is required
to assess the validity of this questionnaire against other dietary assessments methods. A next step
would be validation against weighed food records, diet diaries, 24-h recalls, and/or food frequency
questionnaires to determine the relative accuracy of this tool.

5. Conclusions

Dietary behaviours that may increase risk for dental caries were reported in both samples.
Given the high prevalence of dental caries in this study, and low reporting of previous nutrition
advice for the same, preventive education on dietary risk factors for dental caries may be warranted in
university campus settings. In addition, our pilot study results suggest that further research on the
relationship between dietary intakes and dental caries in Canadian university campus populations
is needed. The questionnaire appears to show good initial reliability. Further work is also required
to refine and validate this tool against commonly used dietary assessment methods to strengthen its
further application.

Supplementary Materials: The following are available online at http://www.mdpi.com/1660-4601/17/5/1793/s1,
Figure S1: Final Questionnaire.

Author Contributions: Conceptualization, S.A.P,, PP, ].R.L.L.; methodology, S.A.P,, PP, ] R.L.L.; formal analysis,
S.A.P,].RL.L,; investigation, S.A.P; writing—original draft preparation, S.A.P.; writing—review and editing, P.P,
J.R.LL; visualization, S.A.P, ].R.L.L.; supervision, PP, ].R.L.L.; project administration, S.A.P., ].R.L.L.; funding
acquisition, S.A.P,, PP, J.R.L.L. All authors have read and agreed to the published version of the manuscript.

Funding: This study was funded by the Colleges of Dentistry-Pharmacy and Nutrition Interdisciplinary Summer
Research Program at the University of Saskatchewan, and by the University of Saskatchewan/University of
Saskatchewan College of Pharmacy and Nutrition start-up funds.

Acknowledgments: We would like to thank the expert panel for assisting us in the questionnaire development
process, the management and staff of the University of Saskatchewan Dental Clinic for helping us to conduct the
pilot test, and all study participants.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to
publish the results.

References

1.  Selwitz, R.H.; Ismail, A.L; Pitts, N.B. Dental caries. Lancet 2007, 369, 51-59. [CrossRef]
2. Kassebaum, N.J.; Bernabé, M.; Dahiya, B.; Bhandari, C.J.L.; Murray, W.M. Global burden of untreated caries:
A systematic review and metaregression. J. Dent. Res. 2015, 94, 650-658. [CrossRef]


http://www.mdpi.com/1660-4601/17/5/1793/s1
http://dx.doi.org/10.1016/S0140-6736(07)60031-2
http://dx.doi.org/10.1177/0022034515573272

Int. |. Environ. Res. Public Health 2020, 17,1793 12 of 13

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Summary Report on the Findings of the Oral Health Component of the Canadian Health Measures Survey
2007-2009. Available online: http://publications.gc.ca/site/eng/369653/publication.html# (accessed on 22
January 2020).

Schroth, R.J.; Quifionez, C.; Shwart, L.; Wagar, B. Treating early childhood caries under general anesthesia:
A national review of Canadian data. ]. Can. Dent. Assoc. 2016, 82, g20. [PubMed]

Sheiham, A.; James, W.P.T. Diet and dental caries: The pivotal role of free sugars reemphasized. . Dent. Res.
2015, 94, 1341-1347. [CrossRef] [PubMed]

Hujoel, PP; Lingstrom, P. Nutrition, dental caries and periodontal disease: A narrative review.
J. Clin. Periodontol. 2017, 44 (Suppl. 18), S79-584. [CrossRef] [PubMed]

Sroda, R.; Reinhard, T. Nutrition for Dental Health, 3rd ed.; Wolters Kluwer: Philadelphia, PA, USA, 2018.
Stegeman, C.A.; Davis, J.R. The Dental Hygienist’s Guide to Nutritional Care, 4th ed.; Elsevier Saunders:
St. Louis, MO, USA, 2015.

Moynihan, P.; Petersen, P.E. Diet, nutrition and the prevention of dental diseases. Public Health Nutr. 2004,
7,201-226. [CrossRef] [PubMed]

Marshall, T.A. Chairside diet assessment of caries risk. J. Am. Dent. Assoc. 2009, 140, 670-674. [CrossRef]
[PubMed]

Chinn, C.H.; Levine, J.; Matos, S.; Findley, D.S.; Edelstein, D.B.L. An interprofessional collaborative approach
in the development of a caries risk assessment mobile tablet application: My Smile Buddy. J. Health Care
Poor Underserved 2013, 24, 1010-1020. [CrossRef]

Smith, S.R.; Johnson, S.T.; Oldman, S.M.; Duffy, V.B. Pediatric adapted liking survey: A novel, feasible and
reliable dietary screening in clinical practice. Caries Res. 2019, 53, 153-159. [CrossRef]

Hayes, M.].; Cheng, B.; Musolino, R.; Rogers, A.A. Dietary analysis and nutritional counselling for caries
prevention in dental practise: A pilot study. Aust. Dent. . 2017, 62, 485-492. [CrossRef]

Mobley, C.; Dounis, G. Evaluating dietary intake in dental practices: Doing it right. . Am. Dent. Assoc. 2010,
141, 1236-1241. [CrossRef] [PubMed]

Feldens, C.A.; Giugliani, E.R.J.; Duncan, B.B.; Drachler, M.D.L.; Vitolo, M.R. Long-term effectiveness of a
nutritional program in reducing early childhood caries: A randomized trial. Community Dent. Oral Epidemiol.
2010, 38, 324-332. [CrossRef] [PubMed]

Hayes, M.; Wallace, ].; Coxon, A. Attitudes and barriers to providing dietary advice: Perceptions of dental
hygienists and oral health therapists. Int. J. Dent. Hyg. 2016, 14, 255-260. [CrossRef]

Arheiam, A.; Brown, S.L.; Burnside, G.; Higham, S.M.; Albadri, S.; Harris, R.V. The use of diet diaries in
general dental practice in England. Community Dent. Health 2016, 33, 267-273. [PubMed]

Tinanoff, N.; Palmer, C.A. Dietary determinants of dental caries and dietary recommendations for preschool
children. J. Public Health Dent. 2000, 6, 197-206. [CrossRef] [PubMed]

Cognitive Interviewing: A “How To” Guide. Available online: https://www.chime.ucla.edu/publications/
docs/cognitive%20interviewing%20guide.pdf (accessed on 22 January 2020).

Thabane, L.; Ma, J.; Chu, R.; Cheng, J.; Ismaila, A.; Rios, L.P.; Robson, R.; Thabane, M.; Giangregorio, L.;
Goldsmith, C. A tutorial on pilot studies: The what, why and how. BMC Med. Res. Methodol. 2010, 10, 1.
[CrossRef]

Terwee, C.B.; Bot, S.D.M.; de Boer, M.R.; van der Windt, D.A.W.M.; Knol, D.L.; Dekker, J.; Bouter, L.M.;
de Vet, H.C.W. Quality criteria were proposed for measurement properties of health status questionnaires.
J. Clin. Epidemiol. 2007, 60, 34—42. [CrossRef]

Landis, J.R.; Koch, G.G. The measurement of observer agreement for categorical data. Biometrics 1977,
33,159-174. [CrossRef]

Kunitomo, M.; Ekuni, D.; Mizutani, S.; Tomofuji, T.; Irie, K,; Azuma, T.; Yamane, M.; Kataoka, K;
Taniguchi-Tabata, A ; Irie, K.; et al. Association between knowledge about comprehensive food education
and increase in dental caries in Japanese university students: A prospective cohort study. Nutrients 2016,
8, 114. [CrossRef]

Luebke, T.E; Driskell, ].A. A group of Midwestern university students needs to improve their oral hygiene
and sugar/pop consumption habits. Nutr. Res. 2010, 30, 27-31. [CrossRef]

Goodwin, M.; Patel, D.K;; Vyas, A.; Khan, A.].; McGrady, M.G.; Boothman, N.; Pretty, I.A. Sugar before bed:
A simple dietary risk factor for caries experience. Community Dent. Health 2017, 34, 8-13. [PubMed]


http://publications.gc.ca/site/eng/369653/publication.html#
http://www.ncbi.nlm.nih.gov/pubmed/27548666
http://dx.doi.org/10.1177/0022034515590377
http://www.ncbi.nlm.nih.gov/pubmed/26261186
http://dx.doi.org/10.1111/jcpe.12672
http://www.ncbi.nlm.nih.gov/pubmed/28266117
http://dx.doi.org/10.1079/PHN2003589
http://www.ncbi.nlm.nih.gov/pubmed/14972061
http://dx.doi.org/10.14219/jada.archive.2009.0252
http://www.ncbi.nlm.nih.gov/pubmed/19491162
http://dx.doi.org/10.1353/hpu.2013.0114
http://dx.doi.org/10.1159/000485467
http://dx.doi.org/10.1111/adj.12524
http://dx.doi.org/10.14219/jada.archive.2010.0051
http://www.ncbi.nlm.nih.gov/pubmed/20884926
http://dx.doi.org/10.1111/j.1600-0528.2010.00540.x
http://www.ncbi.nlm.nih.gov/pubmed/20406273
http://dx.doi.org/10.1111/idh.12239
http://www.ncbi.nlm.nih.gov/pubmed/28537363
http://dx.doi.org/10.1111/j.1752-7325.2000.tb03328.x
http://www.ncbi.nlm.nih.gov/pubmed/11109219
https://www.chime.ucla.edu/publications/docs/cognitive%20interviewing%20guide.pdf
https://www.chime.ucla.edu/publications/docs/cognitive%20interviewing%20guide.pdf
http://dx.doi.org/10.1186/1471-2288-10-1
http://dx.doi.org/10.1016/j.jclinepi.2006.03.012
http://dx.doi.org/10.2307/2529310
http://dx.doi.org/10.3390/nu8030114
http://dx.doi.org/10.1016/j.nutres.2009.11.001
http://www.ncbi.nlm.nih.gov/pubmed/28561551

Int. |. Environ. Res. Public Health 2020, 17,1793 13 of 13

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Levine, R.S.; Nugent, Z.J.; Rudolf, M.C]J.; Sahota, P. Dietary patterns, toothbrushing habits and caries
experience of schoolchildren in West Yorkshire, England. Community Dent. Health 2007, 24, 82-87.

Changes in Canadians’ Preferences for Milk and Dairy Products. Available online: https://www150.statcan.
gc.ca/nl/pub/21-004-x/2017001/article/14786-eng.htm (accessed on 22 January 2020).

Singhal, S.; Baker, R.D.; Baker, S.S. A comparison of the nutritional value of cow’s milk and nondairy
beverages. J. Pediatr. Gastroenterol. Nutr. 2017, 64, 799-805. [CrossRef] [PubMed]

Lee, J.; Townsend, J.A.; Thompson, T.; Garitty, T.; De, A.; Yu, A.; Peters, B.M.; Wen, Z.T. Analysis of the
cariogenic potential of various almond milk beverages using Streptococcus mutans biofilm model in vitro.
Caries Res. 2018, 52, 51-57. [CrossRef] [PubMed]

Huang, Y.; Thompson, T.; Wang, Y.; Yu, Q.Z,; Zhu, L.; Xu, X.M.; Wen, Z.Z.; Townsend, ]J.A. Analysis of
cariogenic potential of alternative milk beverages by in vitro Streptococcus mutans biofilm model and ex vivo
caries model. Arch. Oral Biol. 2019, 105, 52-58. [CrossRef] [PubMed]

Huang, J.S.; Becerra, K.; Walker, E.; Hovell, M.E. Childhood overweight and orthodontists: Results of a
survey. J. Public Health Dent. 2006, 66, 292-294. [CrossRef]

Sajnani-Oommen, G.; Perez-Spiess, S.; Julliard, K. Comparison of nutritional counseling between provider
types. Pediatr. Dent. 2006, 28, 369-374.

Chisick, M.C.; Richter, P.; Piotrowski, M.]J. Dental health promotion and preventive dentistry practices of U.S.
Army dentists. Mil. Med. 2000, 165, 604-606. [CrossRef]

Wright, R.; Casamassimo, P.S. Assessing attitudes and actions of pediatric dentists toward childhood obesity
and sugar-sweetened beverages. J. Public Health Dent. 2017, 77 (Suppl. 1), 579-S87. [CrossRef]
DiMaria-Ghalili, R.A.; Mirtallo, ].M.; Tobin, BW.; Hark, L.; Van Horn, L.; Palmer, C.A. Challenges and
opportunities for nutrition education and training in the health care professions: Intraprofessional and
interprofessional call to action. Am. J. Clin. Nutr. 2014, 99 (Suppl. 5), 11845-1193S. [CrossRef]

Khan, S.Y,; Holt, K.; Tinanoff, N. Nutrition education for oral health professionals: A must, yet still neglected.
J. Dent. Educ. 2017, 81, 3-4. [PubMed]

Calzone, K.A,; Culp, S.; Jenkins, J.; Caskey, S.; Edwards, P.B.; Fuchs, M.A.; Reints, A.; Stange, B.; Questad, J.;
Badzek, L. Test-retest reliability of the genetics and genomics in nursing practice survey instrument.
J. Nurs. Meas. 2016, 24, 54-68. [CrossRef] [PubMed]

Ducak, K.; Keller, H. Development and initial reliability testing of NAK-50+: A nutrition attitude and
knowledge questionnaire for adults 50+ years of age. Can. |. Diet. Pract. Res. 2016, 77, 3-8. [CrossRef]
[PubMed]

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


https://www150.statcan.gc.ca/n1/pub/21-004-x/2017001/article/14786-eng.htm
https://www150.statcan.gc.ca/n1/pub/21-004-x/2017001/article/14786-eng.htm
http://dx.doi.org/10.1097/MPG.0000000000001380
http://www.ncbi.nlm.nih.gov/pubmed/27540708
http://dx.doi.org/10.1159/000479936
http://www.ncbi.nlm.nih.gov/pubmed/29241218
http://dx.doi.org/10.1016/j.archoralbio.2019.05.033
http://www.ncbi.nlm.nih.gov/pubmed/31276938
http://dx.doi.org/10.1111/j.1752-7325.2006.tb04087.x
http://dx.doi.org/10.1093/milmed/165.8.604
http://dx.doi.org/10.1111/jphd.12240
http://dx.doi.org/10.3945/ajcn.113.073536
http://www.ncbi.nlm.nih.gov/pubmed/28049671
http://dx.doi.org/10.1891/1061-3749.24.1.54
http://www.ncbi.nlm.nih.gov/pubmed/27103245
http://dx.doi.org/10.3148/cjdpr-2015-030
http://www.ncbi.nlm.nih.gov/pubmed/26449911
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Questionnaire Development and Expert Review 
	Cognitive Interviews 
	Pilot Testing 
	Test-Retest Reliability 
	Data Analysis 

	Results 
	Discussion 
	Conclusions 
	References

