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A B S T R A C T

Objective: This study aims to develop and validate an Oral Health Beliefs Questionnaire/Scale (OHBQ) based on 
the Health Belief Model (HBM), focusing on key oral health behaviors such as tooth brushing, dental flossing, and 
sugar consumption, for measuring adolescents’ beliefs related to these behaviors.
Methods: A mixed-method design was employed to validate the OHBQ. Content validity was established by an 
expert panel who evaluated each item for relevance and clarity. Confirmatory Factor Analysis (CFA) was con
ducted with a sample of 1124 adolescents to validate the questionnaire structure and model fit. Reliability was 
assessed using Cronbach’s alpha to determine internal consistency. To assess predictive validity, the relationships 
between each domain of the questionnaire and the three oral health behaviors were analyzed using the logistic 
regression models.
Results: The final 53-item HBM-based OHBQ confirmed a six-factor structure: perceived severity, perceived 
susceptibility, perceived benefits, perceived barriers, cues to action, and self-efficacy. The CFA on the three 
behaviors showed excellent model fit. For tooth brushing, the CMIN/DF = 5.67, CFI = 0.91, GFI = 0.90, RMSEA 
= 0.064, and SRMR = 0.056; For dental flossing, the CMIN/DF= 6.04, CFI = 0.92, GFI = 0.90, RMSEA = 0.067, 
and SRMR = 0.046; For sugar consumption, the CMIN/DF = 5.30, CFI = 0.92, GFI = 0.90, RMSEA = 0.062, and 
SRMR = 0.050. All subscales demonstrated high internal consistency, with Cronbach’s alpha coefficients ranging 
from 0.74 to 0.93. Significant associations (p<0.05) were found between specific HBM constructs (perceived 
susceptibility, perceived barriers, cue to action, self-efficacy) and the respective oral health behaviors, supporting 
the OHBQ’s predictive validity.
Conclusions: The developed HBM-based Oral Health Beliefs Questionnaire/Scale (OHBQ) is a reliable and valid 
instrument for measuring health beliefs related to oral health behaviors among adolescents.
Clinical Significance: The validated OHBQ can serve as an effective tool to assess beliefs related to oral health 
behaviors. The robust psychometric properties and high construct validity make it a valuable instrument for 
researchers and practitioners in planning oral health promotion.

1. Background

Oral health is an essential component of well-being, influencing 
physical health as well as social and psychological functioning [1,2]. 
Globally, poor oral health among adolescents (aged 10 to 19, defined by 
WHO), with high prevalence of dental caries (15% to 84%) and peri
odontal diseases (around 19% exhibiting bleeding on probing), is a 
significant public health issue [3,4]. This may due to their unhealthy 

oral health-related behaviors such as high consumption of sugary foods 
and beverages, and improper oral hygiene practices [5]. Good oral 
health habits established during adolescence are essential for main
taining good oral health into adulthood [6].

In Hong Kong, the dental and periodontal status of adolescents is 
generally unsatisfactory. A cohort study on Hong Kong school students 
found that the prevalence of dental caries and periodontal problems 
increased with age, suggesting a deterioration in oral health from 
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childhood to early adulthood [7]. Moreover, a study revealed that only 
22% of the adolescents in Hong Kong used dental floss weekly, and 38% 
had annual dental visits [8]. The unsatisfactory oral health behavior 
may be attributed to insufficient access to dental care services for sec
ondary school students, which limits opportunities for regular dental 
check-ups and professional guidance on oral hygiene. Additionally, 
adolescents often show low compliance with recommended oral hygiene 
practices due to a lack of motivation and difficulty adhering to oral care 
routines [9]. To address these challenges, a deeper understanding of the 
factors influencing oral health behaviors during this critical develop
mental stage is essential.

The Health Belief Model (HBM) is a psychological framework 
developed to explain and predict health-related behaviors by focusing 
on individuals’ beliefs and attitudes. According to the HBM, a person’s 
engagement in health-promoting actions depends on their perceptions in 
several key areas: 1) perceived susceptibility: belief about the risk of 
acquiring a health condition; 2) perceived severity: belief about the 
seriousness of the health condition and its potential consequences; 3) 
perceived benefits: belief in the effectiveness of the advised action to 
reduce risk or severity; 4) perceived barriers: belief about the obstacles 
or costs associated with taking the action; 5) cues to action: external or 
internal triggers that prompt engagement in health behaviors (e.g., 
advice, symptoms); 6) self-efficacy: confidence in one’s ability to 
perform the health behavior successfully. These beliefs and perceptions 
interact with each other to shape health actions [10,11]. Perceived 
susceptibility and severity may influence the individual’s assessment of 
their health risk; perceived benefits and perceived barriers may affect 
the decision-making process regarding engaging in a health behavior; 
cues to action serve as triggers that motivate action; and self-efficacy 
directly impacts confidence in performing the behavior. The combined 
influence of these perceptions determines the likelihood of engaging in 
the health behavior.

The HBM model has been previously applied to measure perceptions 
and beliefs related to oral health behaviors such as tooth brushing and 
dental flossing [12,13]. HBM was also applied in studies to develop and 
implement interventions aimed at improving oral health behaviors to 
prevent oral diseases[14,15].

Three key oral health behaviors, namely tooth brushing, dental 
flossing, and sugar consumption, have significant influences on oral 
health. Regular tooth brushing and flossing are essential for removing 
plaque and preventing dental caries and gum disease, while reducing 
sugar intake lowers the risk of dental caries [16,17]. Despite their 
importance, many adolescents fail to adhere to recommended guidelines 
for these behaviors, highlighting the need for targeted interventions 
[17–19].

Although several studies have investigated oral health beliefs and 
behaviors, the application of HBM in adolescent populations remains 
underexplored [20]. Existing questionnaires often focus on adult pop
ulations or fail to capture the unique psychosocial and developmental 
factors that influence adolescents’ oral health behaviors [21,22]. This 
gap may stem from the unique developmental characteristics of ado
lescents, such as their evolving cognitive abilities, susceptibility to peer 
influence, and a tendency to prioritize short-term rewards over 
long-term health benefits [23,24]. Furthermore, previous studies on 
developing an HBM-based scale for adolescents’ oral health have often 
included ’double-barrel’ questions – items that combine two behaviors 
into a single question, which can be problematic for participants who 
only engage in one of the behaviors. Applying the HBM to assess mul
tiple specific oral health behaviors simultaneously may limit the 
development of targeted interventions focusing on a specific oral health 
behavior [25]. This gap underscores the need for a reliable and valid 
instrument to measure adolescents’ oral health beliefs specifically for 
the key oral health-related behaviors on an individual basis.

The aim of the present study was to develop and validate an Oral 
Health Beliefs Questionnaire/Scale(OHBQ) based on the HBM, focusing 
on three key behaviors: tooth brushing, dental flossing, and sugar 

consumption. By creating a tool specifically designed for adolescents, 
this study seeks to provide researchers and practitioners with a robust 
instrument for assessing oral health beliefs and designing targeted, 
behavior-specific interventions.

2. Methods

This study received ethical approval from the Institutional Review 
Board of the University of Hong Kong/Hospital Authority Hong Kong 
West Cluster (IRB HKU/HA HKW: UW22–098). A cross-sectional design 
was employed, involving 12 secondary schools in Hong Kong. Prior to 
participation, written parental consent was obtained, and the confi
dentiality and privacy of all participants were strictly ensured. Data 
collection was conducted using both online and offline methods: ques
tionnaires were distributed in hard copy and electronically via Google 
Forms.

2.1. Questionnaire/Scale development

2.1.1. Initial item generation
A comprehensive literature review was conducted between Sep 2023 

to Nov 2023 to identify relevant constructs of the Health Belief Model 
(HBM), such as perceived susceptibility, perceived severity, perceived 
benefits, perceived barriers, cues to action, and self-efficacy that can be 
applied to oral health. Six databases, namely PubMed, Ovid Medline, 
Ovid Embase, Cochrane Library, Web of Science, and APA PsycINFO 
were searched. The following keywords were used for searching: ‘health 
beliefs’, ‘health belief model’, ‘adolescents’, ‘oral health-related behav
iors’ and ‘oral health’. A pool of 61 items related to the three key oral 
health behaviors was identified for the development of a preliminary 
questionnaire in traditional Chinese.

2.1.2. Expert panel review and pilot testing
A panel of five experts (authors) – two experts in dental public health 

(ECML, CHC); one expert in statistics and questionnaire validation 
(MCMW); and two experts in Pediatric Dentistry and adolescents’ oral 
health promotion (CKYY, PL) evaluated the content validity of the initial 
questionnaire draft. Content validity refers to the degree to which the 
items adequately represent the target constructs or concepts being 
measured [26]. Each item was independently assessed for relevance and 
clarity. In the pilot test, individual interviews with 10 Cantonese par
ticipants (aged 12 to 15 years) were conducted to ensure the items (in 
traditional Chinese) were understandable. In addition, three dental 
undergraduate students were invited to assist in the translation and 
back-translation of the Cantonese and English HBM questionnaire, to 
improve the language accuracy and validity of the scale. All the items 
were assessed for relevance and clarity.

Based on the feedback received from all the mentioned experts, study 
participants, and translators, seven items were revised for clarity, and 
four items were removed due to redundancy. The final version of the 
Health Belief Model Scale for assessing oral health behaviors among 
adolescents, for validity and reliability testing, comprised a total of 57 
items (Table 1), which were categorized into six domains: 

1) Perceived severity for oral diseases (SEV1 to SEV9).
2) Perceived susceptibility for dental caries and gingivitis/periodontitis 

(SUS1 to SUS4).
3) Perceived benefits for tooth brushing (BEN1-1 to BEN1-3)/ for dental 

flossing (BEN2-1 to BEN2-3)/ for reducing sugar consumption 
(BEN3-1 to BEN3-3).

4) Perceived barriers for tooth brushing (BAR1-1 to BAR1-7)/ for dental 
flossing (BAR2-1 to BAR2-5)/ for reducing sugar consumption 
(BAR3-1 to BAR3-5).

5) Cues to action for tooth brushing (CUE1-1 to CUE1-3)/ for dental 
flossing (CUE2-1 to CUE2-3)/ for reducing sugar consumption 
(CUE3-1 to CUE3-3).
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Table 1 
Distribution and item-total correlation and internal consistency of health belief model scale (53 items).

Items of subscale Mean SD Skewness Kurtosis Item-total 
correlation

Cronbach’s α 
If 
item deleted 
(n = 1124)

Cronbach’s α of the 
subscale 
(n = 1124)

Subscale of perceived severity 
not serious(1), less serious(2), partially serious(3), serious(4), very serious 
(5)

​ ​ ​ ​ ​ ​ 0.91

SEV1: If my teeth do not look good because of oral 
diseases, for me that is …

3.06 1.17 0.07 -0.86 0.64 0.90 ​

SEV2: If I have bad breath because of oral diseases, for me that is … 3.46 1.14 -0.37 -0.59 0.72 0.90 ​
SEV3: If I cannot sleep well because of oral diseases, for me that is … 3.71 1.34 -0.77 -0.59 0.72 0.90 ​
SEV4: If I cannot eat my favorite food because of oral 

diseases, for me that is …
3.78 1.32 -0.79 -0.57 0.71 0.90 ​

SEV5: If my regular social activities were affected by oral diseases, for me that 
is...

3.75 1.24 -0.76 -0.42 0.82 0.88 ​

SEV6: If my studies are affected by oral diseases, for me that is... 3.48 1.36 -0.46 -0.98 0.71 0.90 ​
SEV7: If my mood is affected by oral diseases, for me that is... 3.67 1.32 -0.65 -0.75 0.77 0.89 ​
Subscale of perceived susceptibility 

strongly disagree(1) disagree(2), neutral(3), agree(4), strongly agree(5).
​ ​ ​ ​ ​ ​ 0.76

SUS1: There is a chance that I may get tooth decay. 3.12 1.02 0.20 -0.29 0.57 0.70 ​
SUS2: There is a chance that I may have gum disease. 2.64 0.93 0.00 -0.12 0.60 0.69 ​
SUS3: Tooth decay is common among us teenagers. 3.09 0.96 0.13 -0.01 0.55 0.71 ​
SUS4: Gum disease is common among us teenagers. 2.77 0.90 -0.08 0.40 0.53 0.72 ​
Subscale of perceived benefits for tooth brushing 

strongly disagree(1) disagree(2), neutral(3), agree(4), strongly agree(5).
​ ​ ​ ​ ​ ​ 0.91

BEN1-1: Proper toothbrushing habits can reduce the risk of having tooth 
decay.

4.32 0.78 1.24 2.19 0.85 0.84 ​

BEN1-2: Proper toothbrushing habits can prevent gum disease. 4.29 0.80 1.13 1.65 0.87 0.82 ​
BEN1-3: Proper toothbrushing habits can help me avoid spending extra time 

and money on dental treatment.
4.2 0.86 1.09 0.95 0.74 0.94 ​

Subscale of perceived barriers for tooth brushing 
strongly disagree(5) disagree(4), neutral(3), agree(2), strongly agree(1)

​ ​ ​ ​ ​ ​ 0.84

BAR1-2: It is difficult for me to maintain a habit of brushing my teeth twice per 
day for two minutes each time.

3.64 1.05 -0.48 -0.28 0.53 0.84 ​

BAR1-4: I feel discomfort when brushing my teeth. 4.04 0.89 -1.01 1.36 0.55 0.83 ​
BAR1-5: When I am facing stress, I don’t want to brush my teeth. 3.88 1.06 -0.88 0.29 0.78 0.77 ​
BAR1-6: When I am in a bad mood, I don’t want to brush my teeth. 3.83 1.09 -0.81 0.05 0.79 0.76 ​
BAR1-7: When I am tired, I don’t want to brush my teeth. 3.23 1.24 -0.13 -1.03 0.60 0.83 ​
Subscale of cues to action for tooth brushing 

strongly disagree(1) disagree(2), neutral(3), agree(4), strongly agree(5).
​ ​ ​ ​ ​ ​ ​

CUE1-1: My parents often remind me to maintain good toothbrushing habits. 3.75 1.03 0.62 0.04 0.45 0.79 0.74
CUE1-2: My friends, classmates or teachers often remind me to maintain good 

toothbrushing habits.
2.87 1.05 0.00 -0.20 0.65 0.56 ​

CUE1-3: Mass media (e.g., social media, TV) often reminds me to maintain 
good toothbrushing habits.

3.09 1.05 0.15 -0.24 0.62 0.60 ​

Subscale of self-efficacy for tooth brushing 
strongly disagree(1) disagree(2), neutral(3), agree(4), strongly agree(5).

​ ​ ​ ​ ​ ​ 0.80

SEL1-1: I am able to brush my teeth properly. 3.60 0.84 0.17 0.16 0.47 0.88 ​
SEL1-2: Even when I am in a bad mood, I can still brush my teeth twice per day 

for two minutes each time.
3.44 1.05 0.20 -0.56 0.74 0.61 ​

SEL1-3: I believe I can maintain a habit of brushing my teeth twice daily for 
two minutes each time.

3.58 1.00 0.23 -0.41 0.75 0.61 ​

Subscale of perceived benefits for dental flossing 
strongly disagree(1) disagree(2), neutral(3), agree(4), strongly agree(5).

​ ​ ​ ​ ​ ​ 0.93

BEN2-1: I think dental flossing can reduce the risk of having tooth decay. 3.46 0.82 -0.08 0.09 0.85 0.90 ​
BEN2-2: I think dental flossing can prevent gum disease. 3.43 3.42 -0.18 0.13 0.88 0.87 ​
BEN2-3: I think dental flossing can help me avoid spending extra time and 

money on dental treatment.
0.81 0.83 -0.15 0.12 0.82 0.92 ​

Subscale of perceived barriers for dental flossing 
strongly disagree(5) disagree(4), neutral(3), agree(2), strongly agree(1)

​ ​ ​ ​ ​ ​ 0.86

BAR2-1: For me, it is difficult to use dental floss every day. 2.92 0.99 0.06 -0.14 0.72 0.83 ​
BAR2-2: I think cleaning my teeth with dental floss is a waste of time. 3.28 0.95 -0.22 -0.01 0.64 0.85 ​
BAR2-3: I don’t know how to use dental floss properly to clean my teeth. 2.92 1.03 -0.04 -0.40 0.70 0.83 ​
BAR2-4: I think that the process of dental flossing is troublesome. 2.93 1.01 0.02 -0.27 0.78 0.81 ​
BAR2-5: I don’t know which type of dental floss is suitable for me. 2.64 1.00 0.21 -0.16 0.58 0.86 ​
Subscale of cue to action for dental flossing 

strongly disagree(1) disagree(2), neutral(3), agree(4), strongly agree(5).
​ ​ ​ ​ ​ ​ 0.85

CUE2-1: My parents often remind me to use dental floss. 2.63 1.06 -0.30 -0.32 0.68 0.84 ​
CUE2-2: My friends, classmates, or teachers often remind me to use dental 

floss.
2.31 0.96 -0.43 0.16 0.80 0.73 ​

CUE2-3: Mass media (e.g., social media, TV) often remind me to use dental 
floss.

2.53 0.99 -0.26 -0.14 0.70 0.82 ​

Subscale of self-efficacy for dental flossing 
strongly disagree(1) disagree(2), neutral(3), agree(4), strongly agree(5).

​ ​ ​ ​ ​ ​ 0.89

SEL2-1: I am able to use dental floss properly. 2.93 0.99 -0.02 -0.10 0.69 0.91 ​

(continued on next page)
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6) Self-efficacy for tooth brushing (SEL1-1 to SEL1-3)/ for dental 
flossing (SEL2-1 to SEL2-3)/ for reducing sugar consumption (SEL3-1 
to SEL3-3).

Responses were recorded using a five-point Likert scale. For the 
‘perceived severity’ domain, the options ranged from “not serious” 
(score 1) to “very serious” (score 5) – “not serious” (score 1), “less 
serious" (score 2), “partially serious" (score 3), “serious” (score 4), and 
“very serious" (score 5). For the other five domains, response options 
ranged from “strongly disagree” (score 1) to “strongly agree” (score 5) 
–“strongly disagree” (score 1), “disagree” (score 2), “neutral” (score 3), 
“agree” (score 4), and “strongly agree" (score 5). Notably, for perceived 
barriers, the scoring was reversed, with “strongly disagree” indicating 
fewer perceived barriers. The total score for each domain was calculated 
by summing the individual item scores, with higher scores indicating 
more positive beliefs regarding the respective oral health behavior.

2.2. Questionnaire structure and data collection

The questionnaire consisted of three parts. Part I collected informa
tion on the socio-demographic background of the participants. Part II 
consisted of questions on the three key oral health behaviors, including 
frequency of tooth brushing, frequency of dental flossing, and fre
quency, timing and amount of sugar consumption. Part III comprised 57 
questions about oral health beliefs, based on the HBM, related to these 

key oral health behaviors.
To determine the minimum sample size required, the general rule of 

thumb of a participant-to-item ratio of 10:1 was applied [27]. Thus, for 
testing the 57-item questionnaire, this study required a minimum of 570 
participants. Adolescents in poor general health and those undergoing 
orthodontic treatment were excluded from this study.

This study was conducted on students in grades 7 to 9 across twelve 
secondary schools in various districts in Hong Kong. The questionnaire 
was self-administered under the supervision of a trained Cantonese 
research assistant. Participants were encouraged to seek clarification if 
they encountered any difficulties in understanding the questions.

2.3. Validation process

1) Construct validity—the degree to which a measurement instrument 
accurately measures its intended theoretical construct—was assessed 
using confirmatory factor analysis (CFA) [28]. Maximum likelihood 
(ML) estimation was employed to assess the multivariate normality 
of the data. When the data exhibit mild non-normality—specifically, 
skewness < 2 and kurtosis < 3, the estimates of model parameters 
and fit indices are still reliable and can be interpreted confidently 
[29]. Model fit indices such as the Comparative Fit Index (CFI), 
Tucker-Lewis Index (TLI), Root Mean Square Error of Approximation 
(RMSEA) and Standardized Root Mean Square Residual (SRMR) were 
used to assess how well the model fit the data. The criteria for 

Table 1 (continued )

Items of subscale Mean SD Skewness Kurtosis Item-total 
correlation 

Cronbach’s α 
If 
item deleted 
(n = 1124) 

Cronbach’s α of the 
subscale 
(n = 1124)

SEL2-2: Even when I am in a bad mood, I can still floss my teeth after eating. 2.77 1.01 -0.15 -0.18 0.84 0.78 ​
SEL2-3 I believe I can maintain a habit of flossing after eating. 2.86 1.04 -0.12 -0.23 0.81 0.81 ​
Subscale of perceived benefits for reducing sugar consumption 

strongly disagree(1) disagree(2), neutral(3), agree(4), strongly agree(5).
​ ​ ​ ​ ​ ​ 0.92

BEN3-1: Reducing sugar intake can reduce the risk of having tooth decay. 4.15 0.79 0.79 0.93 0.85 0.88 ​
BEN3-2: Reducing sugar intake can prevent gum disease. 4.02 0.83 0.50 0.00 0.85 0.88 ​
BEN3-3: Reducing sugar intake can help me avoid spending extra time and 

money on dental treatment.
4.02 0.86 0.58 0.20 0.82 0.91 ​

Subscale of perceived barriers for reducing sugar consumption 
strongly disagree(5) disagree(4), neutral(3), agree(2), strongly agree(1)

​ ​ ​ ​ ​ ​ 0.76

BAR3-1: I find it difficult to have less sugary food and drinks. 3.37 1.03 -0.46 -0.14 0.47 0.74 ​
BAR3-2: I don’t pay attention to my daily sugar intake because there are more 

important things in my life.
2.91 1.08 0.02 -0.54 0.58 0.70 ​

BAR3-3: When I am in a bad mood, I need to have sugary drinks or snacks. 2.72 1.11 0.23 -0.61 0.61 0.69 ​
BAR3-4: Having sugary drinks or snacks does not have an immediate adverse 

effect on my oral health.
2.83 1.00 0.03 -0.36 0.42 0.75 ​

BAR3-5: If sugary snacks or drinks are on promotion, I cannot resist buying 
them.

2.91 1.10 0.03 -0.58 0.57 0.70 ​

Subscale of cue to action for reducing sugar consumption 
strongly disagree(1) disagree(2), neutral(3), agree(4), strongly agree(5).

​ ​ ​ ​ ​ ​ 0.78

CUE3-1: My parents often remind me to reduce my sugar intake. 2.92 1.03 -0.02 -0.29 0.65 0.67 ​
CUE3-2: My friends, classmates, or teachers often remind me to reduce my 

sugar intake.
3.48 1.06 0.37 -0.35 0.60 0.73 ​

CUE3-3: Mass media (e.g., social media, TV) often reminds me to reduce sugar 
intake.

3.03 1.02 0.10 -0.06 0.62 0.71 ​

Subscale of self-efficacy for reducing sugar consumption 
strongly disagree(1) disagree(2), neutral(3), agree(4), strongly agree(5).

​ ​ ​ ​ ​ ​ 0.90

SEL3-1: I am able to reduce my sugar intake in my daily life. 3.38 0.99 0.27 -0.09 0.77 0.89 ​
SEL3-2: Even when I’m in a bad mood, I’m able to avoid having sugary drinks 

or snacks.
3.19 1.02 0.09 -0.26 0.80 0.86 ​

SEL3-3: I believe I can maintain the habit of consuming less sugar in my daily 
life.

3.34 1.02 0.26 -0.12 0.85 0.82 ​

*Skewness < 2 and kurtosis < 3 suggest an acceptable level of non-normality.*SEV=perceived severity of oral diseases; SUS=perceived susceptibility of oral diseases.* 
BEN1=perceived benefits of regular toothbrushing behavior; BAR1=perceived barriers of regular toothbrushing behavior; CUE1=cue to action of regular tooth
brushing behavior; SEL1=self-efficacy of regular toothbrushing behavior.*BEN2=perceived benefits of dental flossing behavior; BAR2=perceived barriers of dental 
flossing behavior; CUE2=cue to action of dental flossing behavior; SEL2=self-efficacy of dental flossing behavior.*BEN3=perceived benefits of less sugar consumption; 
BAR3=perceived barriers of less sugar consumption; CUE3=cue to action of less sugar consumption; SEL3=self-efficacy of less sugar consumption.
Questions Deleted during the Process of Validation: SEV8: If I need to spend extra time on dental treatment, for me that is…. SEV9: If I need to spend extra money 
on dental treatment, for me that is…. BAR1-1: I do not know what good toothbrushing habits are. BAR1-3: I do not know how to brush my teeth properly.
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determining a good model fit included a CFI and TLI greater than 
0.90, as well as a RMSEA less than 0.08 and SRMR less than 0.06 
[30].

2) Reliability testing—the consistency and stability of an instrument in 
measuring the same construct across repeated administrations or 
varying conditions—was evaluated via internal consistency using 
Cronbach’s alpha (α), with a threshold of ≥0.70 considered accept
able [31]. Convergent validity indicates that different indicators or 
items that theoretically should be related to the same underlying 
construct actually show strong statistical associations. For example, 
if a questionnaire is designed to measure "self-efficacy," then all items 
intended to assess self-efficacy should be strongly correlated with 
each other. Average Variance Extracted (AVE) was used to measure 
the convergent validity in this study. An AVE value above 0.50 
generally indicates good convergent validity [32].

3) Predictive validity—the extent to which a measurement instrument 
predicts future performance or behavior—was evaluated by 
analyzing three oral health behaviors [28]. The measurements of 
oral health behaviors were dichotomized into “good” versus “poor” 
categories, for example, brushing twice or more per day, using dental 
floss daily, and consuming less than 100ml of sugary beverages per 
day were defined as good behaviors. The relationships between each 
domain of the questionnaire and these behaviors were analyzed 
using logistic regression models to assess the instrument’s predictive 
validity. Multicollinearity (a situation in data analysis where two or 
more predictor variables in a multiple regression model are highly 
correlated) was assessed using Variance Inflation Factor (VIF), 
measuring how much the variance of a regression coefficient is 
inflated due to multicollinearity. High VIF values indicate a high 
degree of multicollinearity (VIF >5, moderate multicollinearity; VIF 
>10, severe multicollinearity) [33].

All statistical analyses were performed using SPSS 27.0 and AMOS 
21.0 (IBM, Armonk, New York, USA). A p-value of less than 0.05 was 
considered statistically significant.

3. Results

3.1. Participants

A total of 1,124 study participants completed the questionnaires 
(Table 2), with a mean age of 13.8 years (SD = 0.9). The sample con
sisted of 45% males (n = 500) and 55% females (n = 624). Regarding 
their oral health-related behaviors, 70% (n = 778) of the participants 
reported brushing their teeth at least twice daily; 46% (n = 520) 

reported flossing daily; 79% (n = 886) indicated that they consumed 
sugary snacks/drinks less than once per day averagely, 75% (n = 843) 
reported that they never consume sugary snacks/drinks before sleep; 
and 24% (n = 265) indicated that they consume less than 100ml sugary 
drinks per day.

3.2. CFA results

1) Validation of HBM beliefs on tooth brushing behavior

The confirmatory factor analysis (CFA) was conducted to validate the 
factor structure of the questionnaire. Initially, the model on the 29 items 
related to tooth brushing did not fit the data well, as indicated by poor fit 
indices (χ²/df > 3, CFI < 0.90, RMSEA > 0.08). To improve the model 
fit, four items with factor loadings below 0.5 were removed. The revised 
model included 25 items, all with factor loadings exceeding 0.5, indi
cating strong item reliability. Moreover, based on modification indices, 
correlations between the error terms of several items were added to 
further improve the model fit. The final model demonstrated acceptable 
fit indices: CMIN/DF = 5.67, CFI = 0.91, GFI = 0.90, RMSEA = 0.064, 
SRMR = 0.056. These results suggested that the final model adequately 
represents the underlying structure of the HBM questionnaire. The final 
model for tooth brushing behavior included six domains: perceived 
severity, perceived susceptibility, perceived benefits, perceived barriers, 
cue to action and self-efficacy (Fig. 1). 

2) Validation of HBM beliefs on dental flossing behavior

For dental flossing behavior, the initial CFA model on the 27 items 
also exhibited poor fit (χ²/df > 3, CFI < 0.90, RMSEA > 0.08). Two items 
in the domain of perceived severity with factor loadings below 0.50 
were removed, and correlations between the error terms of two more 
items were added based on modification indices. The revised model 
showed improved fit indices: CMIN/DF= 6.04, CFI = 0.92, GFI = 0.90, 
RMSEA = 0.067, SRMR=0.046. The factor loadings for the remaining 25 
items ranged from 0.63 to 0.93, confirming their relevance to the un
derlying constructs. The final model for dental floss behavior included 
the same six domains as above (Fig. 2). 

3) Validation of HBM beliefs on sugar consumption behavior

The CFA model for the 27 items related to sugar consumption also 
initially demonstrated poor fit (χ²/df > 3, CFI < 0.90, RMSEA > 0.08). 
Two items in the perceived severity domain with factor loadings below 
0.50 were excluded. After adding correlations between the error terms 
of two items, the model fit improved. The final model exhibited 
acceptable fit indices: CMIN/DF= 5.30, CFI = 0.92, GFI = 0.90, RMSEA 
= 0.062, SRMR=0.050. The factor loadings for the remaining 25 items 
ranged from 0.61 to 0.90, indicating strong construct validity. The final 
model for sugar consumption also comprised the six domains outlined 
above (Fig. 3).

3.3. Reliability and validity

The reliability (internal consistency) of the HBM scale was assessed 
using Cronbach’s alpha. All subscales demonstrated high internal con
sistency, with alpha coefficients ranging from 0.74 to 0.93. Convergent 
validity was assessed via the Average Variance Extracted (AVE), with all 
constructs exceeding the recommended threshold of 0.5 [32]. These 
findings demonstrated that the questionnaire is both reliable and valid 
for measuring the targeted constructs.

3.4. Predictive validity

To evaluate predictive validity, logistic regression models were used 
to evaluate the association between each of the three key oral health 

Table 2 
Socio-demographic characteristics of the participants (n=1124).

Socio-demographic variables Frequency (Percentage)

Age Mean (SD) = 13.8 (0.9)
Gender ​
Male 500 (45%)
Female 624 (55%)
Tooth brushing frequency ​
Less than twice per day 342 (30%)
Twice or more per day 778 (70%)
Dental floss frequency ​

No interdental use 604 (54%)
Interdental use 520 (46%)

Sugary snacks/beverage consumption ​
Less than once per day 886 (79%)
Once or more per day 238 (21%)

Sugary snacks/beverage consumption before bedtime ​
Never 843 (75%)
More than once per week 278 (25%)

Sugary beverage consumption ​
<=100ml per day 265 (24%)
More than 100ml per day 858 (76%)
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behaviors and the HBM components (Table 3). The Variance Inflation 
Factor (VIF) values for all predictors range from 1 to 1.5, indicating 
negligible multicollinearity and all predictors are almost perfectly 
independent.

For tooth brushing, higher cue to action with lower odds of good 
tooth brushing behavior (OR (95% CI) = 0.92 (0.90-0.98), p=0.010). 
Conversely, fewer perceived barriers (OR (95% CI) = 1.06 (1.02-1.10), 
p=0.002) and higher self-efficacy (OR (95% CI) = 1.39 (1.29,1.49), p<

Fig. 1. Factor loadings from the confirmatory factor analysis of tooth brushing. 
*SEV=perceived severity of oral diseases; SUS=perceived susceptibility of oral diseases. 
*BEN1=perceived benefits of regular toothbrushing; BAR1=perceived barriers of regular toothbrushing; CUE1=cue to action of regular toothbrushing; SEL1=self- 
efficacy of regular toothbrushing.
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0.001) were positively associated with good tooth brushing behavior.
For dental flossing behavior, fewer perceived barriers (OR (95% CI) 

= 1.15 (1.11-1.20), p<0.001) and higher self-efficacy (OR (95% CI) =
1.24 (1.17-1.31), p<0.001) increased the likelihood of good dental 

flossing behavior.
For the three sugar consumption behaviors, fewer perceived barriers 

(OR (95% CI) = 0.88 (0.84-0.92), P<0.001) and higher self-efficacy (OR 
(95% CI) = 0.83 (0.78-0.88), P<0.001) were associated with lower 

Fig. 2. Factor loadings from the confirmatory factor analysis of dental flossing. 
*SEV=perceived severity of oral diseases; SUS=perceived susceptibility of oral diseases. 
*BEN2=perceived benefits of dental flossing behavior; BAR2=perceived barriers of dental flossing behavior; CUE2=cue to action of dental flossing behavior; 
SEL2=self-efficacy of dental flossing behavior.
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Fig. 3. Factor loadings from the confirmatory factor analysis of sugar consumption. 
*SEV=perceived severity of oral diseases; SUS=perceived susceptibility of oral diseases. 
*BEN3=perceived benefits of less sugar consumption; BAR3=perceived barriers of less sugar consumption; CUE3=cue to action of less sugar consumption; 
SEL3=self-efficacy of less sugar consumption.
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frequency of sugary snacks consumption. Additionally, higher perceived 
susceptibility (OR (95% CI) = 1.06 (1.01-1.11), P=0.024) was positively 
associated, as well as fewer perceived barriers (OR (95% CI) = 0.93 
(0.89-0.96), P<0.001) were associated with a higher frequency of hav
ing sugary snacks before bedtime. Fewer perceived barriers (OR (95% 
CI) = 0.90 (0.87-0.94), P<0.001) and higher self-efficacy (OR (95% CI) 
= 0.85 (0.80-0.90), P<0.001) were associated with lower total intakeof 
sugary beverage per day. These results supported the predictive validity 
of the questionnaire, as the HBM constructs were significantly associated 
with the three oral health behaviors.

4. Discussion

This study developed a validated tool—the Oral Health Beliefs 
Questionnaire/Scale (OHBQ) — that comprehensively assesses oral 
health beliefs among adolescents. Notably, this is the first questionnaire 
grounded in the HBM theory that focused on three key oral health 

behaviors simultaneously: tooth brushing, dental flossing, and sugar 
consumption. It addresses a significant gap in existing tools by including 
sugar consumption behaviors – an aspect often overlooked in other 
theory-based scales. For example, previous tools primarily focused on 
tooth brushing, dental flossing, dental visits, neglecting the critical role 
of dietary habits in oral health [25,42].

In the present study, the developed Oral Health Beliefs Questionnaire 
(OHBQ) demonstrated strong reliability and validity in measuring ad
olescents’ beliefs related to the three primary oral health behaviors, 
toothbrushing, dental flossing and sugar intake. The results indicate that 
perceived barriers, cue to action and self-efficacy significantly predicted 
tooth brushing behavior, whereas only perceived barriers and self- 
efficacy influenced dental flossing habits. For sugar consumption be
haviors, perceived susceptibility also played a role alongside perceived 
barriers and self-efficacy.

Based on the present study results, it was found that adolescents who 
perceived fewer barriers and had higher self-efficacy tend to exhibit 
better oral health behaviors. This aligns with the HBM theoretical 
framework [34], suggesting that adolescents confident in their ability to 
perform proper oral health behaviors and perceive fewer barriers (e.g., 
lack of time, feel stressed from studies, lack of knowledge on proper 
tooth brushing) are more likely to maintain good habits consistently. 
The findings are consistent with previous research [12,35,36], empha
sizing the importance of addressing practical barriers and enhancing 
self-efficacy in interventions aimed at improving oral health behaviors.

Interestingly, our study found that having more external cues to 
action was associated with poorer tooth brushing behavior, which is 
contrary to the HBM framework. One possible explanation is that ado
lescents who heavily rely on external cues may lack intrinsic motivation 
[37]. Besides, the nature of the cues matters – if cues are perceived as 
nagging or controlling (e.g., constant reminders from parents), it may 
lead to resistance and result in reduced adherence. Excessive or poorly 
timed reminders could also be perceived negatively, potentially leading 
to decreased motivation [38]. These findings suggested that behavioral 
interventions focusing on enhancing self-efficacy rather than relying 
solely on external cues may be more effective in promoting good oral 
hygiene practices among adolescents.

According to the HBM framework, individuals who perceive them
selves as more susceptible to oral health problems are expected to be 
more inclined to avoid risky behaviors, like excessive sugar intake [34]. 
However, our findings suggest an opposite trend: adolescents perceived 
themselves as more susceptible to oral diseases are under higher sugar 
consumption. One possible explanation is that these adolescents were 
aware that frequent sugar intake increases the risk of tooth decay, thus 
perceiving themselves at higher susceptible to caries. Moreover, 
perceived susceptibility alone may not be a strong motivator; its influ
ence on health behaviors can be moderated by other factors. For 
instance, a study found that perceived benefits significantly moderated 
the effect of perceived susceptibility on COVID-19 preventive behaviors 
[39]. Similarly, another study on smoking cessation found that the 
combination of perceived severity and susceptibility had a multiplica
tive effect on behavior change [40]. These studies suggest a complex 
interplay among the HBM constructs, indicating that perceived suscep
tibility may need to be complemented by perceived severity and benefits 
to effectively motivate health behaviors.

We also identified a lack of association between perceived severity 
and oral health behaviors, consistent with findings from previous 
studies. A systemic review with meta-analysis found that perceived 
severity is generally a weaker predictor of health behaviors compared to 
other HBM constructs like perceived barriers and self-efficacy [41]. This 
indicates that individuals are more likely to engage in preventive be
haviors if they believe in the effectiveness of these actions and feel 
capable of performing them, rather than simply fearing the severity of 
potential health outcomes.

Additionally, a major strength of our study lies in the large sample 
size of over 1,100 participants from 12 schools. This substantial sample 

Table 3 
HBM factors for predicting favorable oral health behaviors.

B SE Wald 
statistics

OR 
(95% 
CI)

P-value

Toothbrushing twice daily ​ ​ ​ ​ ​
BAR1: Perceived barriers 0.06 0.02 9.65 1.06 

(1.02- 
1.10)

0.002

CUE1: Cue to action -0.08 0.03 6.56 0.92 
(0.90- 
0.98)

0.010

SEL1: Self-efficacy 0.33 0.04 79.82 1.39 
(1.29- 
1.49)

<0.001

Proper dental flossing ​ ​ ​ ​ ​
BAR2: Perceived barriers 0.14 0.02 52.96 1.15 

(1.11- 
1.20)

<0.001

SEL2: Self-efficacy 0.22 0.03 58.21 1.24 
(1.17- 
1.31)

<0.001

Limited intake frequencies 
of sugary snacks/ 
beverage

​ ​ ​ ​ ​

BAR3: Perceived barriers -0.13 0.02 35.55 0.88 
(0.84- 
0.92)

<0.001

SEL3: Self-efficacy -0.19 0.03 40.43 0.83 
(0.78- 
0.88)

<0.001

Avioding sugary snacks/ 
beverage before bedtime

​ ​ ​ ​ ​

SUS: Perceived susceptibility 0.06 0.03 5.09 1.06 
(1.01- 
1.11)

0.024

BAR3: Perceived barriers -0.08 0.02 15.29 0.93 
(0.89- 
0.96)

<0.001

Limited daily consumption 
of sugary beverage (total 
intake)

​ ​ ​ ​ ​

BAR3: Perceived barriers -0.10 0.02 23.83 0.90 
(0.87- 
0.94)

<0.001

SEL3: Self-efficacy -0.16 0.03 29.40 0.85 
(0.80- 
0.90)

<0.001

* SUS=perceived susceptibility of oral diseases.
* BAR1=perceived barriers of toothbrushing behavior; CUE1=cue to action of 
toothbrushing behavior; SEL1=self-efficacy of toothbrushing behavior.
*BAR2=perceived barriers of dental flossing behavior; SEL2=self-efficacy of 
dental flossing behavior.
*BAR3=perceived barriers of less sugar consumption behavior; SEL3=self-effi
cacy of less sugar consumption behavior.
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not only enhances statistical power but also allows for a more rigorous 
evaluation of the questionnaire’s psychometric properties. Large sample 
sizes are rare in the development of health belief questionnaires, as 
many studies rely on smaller, convenience samples [22,42]. Further
more, our study innovatively incorporated three distinct measures of 
sugar consumption – sugary snacks, sugary beverages, and pre-sleep 
sugar intake – to validate the tool’s predictive accuracy. This 
approach provides a more comprehensive understanding of how oral 
health beliefs influence dietary habits, which has not been adequately 
addressed in prior research [25,43].

Our findings have important implications for practice and policy. 
Firstly, interventions aimed at improving oral health behaviors among 
adolescents should focus on enhancing self-efficacy and addressing 
perceived barriers. School-based programs could include practical 
demonstrations, interactive sessions, and regular follow-ups to build 
confidence in oral health practices and enhance self-efficacy [44–46]. 
Investigating the effectiveness of interventions targeting specific HBM 
constructs, such as self-efficacy or perceived barriers, would provide 
valuable insights for designing effective strategies. Secondly, the inclu
sion of sugar consumption behaviors in our questionnaire highlights the 
need for targeted interventions to reduce sugar intake among adoles
cents. Policies could include restricting access to sugary snacks and 
beverages in schools, such as stricter regulations on vending machines, 
to promote oral health. In Hong Kong, collaboration among the Health 
Department, schools, and dental professionals will be essential to 
implement these strategies effectively.

However, this study has several limitations. Firstly, the cross- 
sectional study design limits the ability to establish causal relation
ships between oral health beliefs and oral health behaviors. Longitudinal 
studies are needed to explore how changes in beliefs influence behaviors 
over time, and to assess the responsiveness validity of this scale. Sec
ondly, self-reported data may introduce bias, as adolescents may over- 
report healthy behaviors or provide socially desirable responses. 
Thirdly, since the study participants were from Hong Kong and of 
Cantonese ethnicity, the findings may not be generalizable to other 
populations, such as individuals of different racial or linguistic back
grounds. Validation of the OHBQ in diverse cultural or socioeconomic 
backgrounds is needed. Future research should also explore additional 
factors influencing oral health behaviors, such as peer influence, and 
examine the nature of cues to action (e.g., whether they are supportive 
or controlling), which may explain some unexpected negative associa
tions with good behaviors.

5. Conclusion

The HBM-based oral health beliefs questionnaire/scale (OHBQ) 
developed in this study is a reliable and valid tool for assessing adoles
cents’ health beliefs related to oral health behaviors. With robust psy
chometric properties and high construct validity, the OHBQ may serve 
as a valuable instrument for researchers and practitioners in oral health 
promotion.
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