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A B S T R A C T

Introduction and Aims: Early childhood caries (ECC) remains widespread in China. Although

socioeconomic status (SES) is a recognised driver, its pathway through parental preventive

beliefs (BeliefPrev) and child high-risk behaviors (BehaviorRisk) is seldom examined within

a single model. This study quantified SES’s direct and indirect effects on ECC in

preschoolers.

Methods: A cross-sectional survey of 595 children aged 3-6 years and their caregivers was

conducted in 10 Nantong kindergartens (2024). Questionnaires captured SES, a 4-item

BeliefPrev subscale, BehaviourRisk, and dmft. Scale reliability and factor structure (explor-

atory factor analysis, EFA) were assessed. Observed-variable SEM specified

SES!BeliefPrev!BehaviourRisk!dmft. Coefficients are standardised b with bias-cor-

rected bootstrap mediation. SES was characterised by family socioeconomic index; Belief-

Prev was derived from the POHBS; BehaviourRisk combined parent-reported free-sugar

exposure frequency and toothbrushing frequency; dmft was recorded usingWHO criteria.

Results: SES showed a direct inverse association with dmft after adjusting for BeliefPrev and

BehaviourRisk, while indirect paths via BeliefPrev or BehaviourRisk were non-significant. The

belief scale showed low reliability (a = 0.18) and 2 factors (professional prevention/misconcep-

tion and outcome appearance). SES was inversely associated with BehaviourRisk

(b = �0.187, p < .001) and retained a direct inverse effect on dmft after adjustment (b = �0.329,

p = .044). BehaviourRisk did not predict dmft (b = 0.193, p = .233). Sensitivity analyses with

extended behaviour items and sex or age-specificmodels produced similar patterns.

Conclusion: SES was inversely associated with preschool ECC after accounting for behaviour

and beliefs, whereas behaviour showed a modest association and parental beliefs showed

none. These findings suggest that knowledge‑based interventions are unlikely to overcome

the socioeconomic gradient.

Clinical Relevance: Population-level sugar-reduction policies, kindergarten fluoride schemes,

and coverage for basic child dental care should be prioritised, with targeted education/

behavior coaching as a complement, particularly for low-SES families (SES index Q1−Q2).

� 2025 The Authors. Published by Elsevier Inc. on behalf of FDI World Dental Federation.

This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Introduction

Dental caries remains one of the most common chronic con-

ditions in 0-6‑year‑olds, with early childhood caries (ECC) its

initial form. The World Health Organisation classifies ECC as

a global public health concern.1 Over the past 2 decades,
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prevalence among 5‑year‑olds has fallen below 30% in many

European and American nations, mainly owing to fluori-

dation and wider care access, yet persists at 60-80% in much

of Southeast Asia and the Western Pacific, averaging >3 dmft

per child.2,3 The Fourth National Oral Health Epidemiological

Survey of China recorded 71.9% prevalence (mean dmft =

4.24) and 10-15‑point urban‑rural gaps,4 driven chiefly by

socioeconomic status (SES) through differential fluoride

access, dental services, and information.5-7 Behavioural

risks-frequent sugars, bedtime sugars, poor brushing-also

shape ECC.8 Our earlier latent class analysis (LCA) identified 3

patterns (high‑risk/high‑sugar, medium‑risk/mixed, low‑risk/
high‑brushing) that unevenly influence caries.9 However, that

study focused solely on behavioural patterns, leaving 2 ques-

tions unanswered: (1) How do socioeconomic factors and

parental beliefs influence these behavioural subtypes? (2)

How can the relationships among SES, parental preventive

beliefs (BeliefPrev), and child high-risk behaviours (Behav-

iourRisk) be quantitatively modelled to inform comprehen-

sive intervention strategies?

Structure-mediator-health theory posits that macrostruc-

tural resources shape knowledge, beliefs, and norms, which

drive habits and disease.10-12 Oral‑health studies often test

only single links, for example, low‑income children showing

1.8-2.3‑fold higher caries, or Health Belief Model trials lifting

twice‑daily brushing by 10-15%,13 leaving the complete

SES ! belief ! behaviour chain under‑explored. Hierarchical

regression and mediation work (e.g., parental education !
supervision ! dmft) seldom adjust for income or diet,

whereas SEM can estimate multiple direct/indirect paths

with error terms.14-16 Previous latent‑variable SEMs suggest

36%-52% of SES impact is indirect via supervision and

hygiene, and oral‑health literacy can buffer low SES.17,18 Chi-

nese preschool data are scarce; sample sizes are small, die-

tary sugar is often ignored, and belief scales are rarely

validated, all of which can bias coefficients.19

In this study, we operationalised parental beliefs as a 4-

item preventive-belief subscale from the POHBS to maximise

construct coherence, given the multidimensionality and low

overall reliability of the full item pool. Using questionnaires

from 3 - 6‑year‑olds and caregivers, we extend prior LCA work

to model SES, BeliefPrev, BehaviourRisk, and dmft. The pres-

ent study pursued 3 specific aims: (1) to evaluate the factor

structure and internal consistency of a 9‑item parental

oral‑health belief scale (POHBS); (2) to quantify the direct

effect of SES on dmft and the indirect pathways mediated by
Table 1 – Research hypotheses within the SES-BeliefPrev-Behav

Code Path Hypothesis

H1 SES!BeliefPrev Higher SES is associated with stronge

H2 BeliefPrev!BehaviourRisk Stronger BeliefPrev are associated wit

missed night‑time brushing

H3 BehaviourRisk!dmft Higher child BehaviourRisk is associa

H4 SES!dmft After controlling for BeliefPrev and Be

dmft

H5 SES!BeliefPrev!
BehaviourRisk!dmft

SES affects dmft indirectly through se

BehaviourRisk

Note: b denotes the standardised regression coefficient. b > 0 indicates a

relationship between the variables.
BeliefPrev and BehaviourRisk; and (3) to interpret the result-

ing path coefficients in light of our previously published

behavioural latent classes, thereby integrating structural,

cognitive, and behavioural perspectives within one analytical

framework. The observed‑variable socio-ecological model

(SEM) will clarify the macrostructure of cognition ! behav-

iour! caries and guide targeted, multilevel interventions.
Materials andmethods

Research design and sample

This study adopts an observed-variable SEM approach,

grounded in the integrated social-behaviour-disease frame-

work, to investigate the hypothesised pathway associations

among SES, BeliefPrev, BehaviourRisk, and dmft. Based on

this framework, specific hypotheses were formulated with

anticipated relationships indicated (Table 1).

The outlined hypotheses systematically assess each

component’s relative influence and sequential roles within

the structure-cognition-behaviour-disease pathway. Com-

paring hypotheses H4 and H5 clarifies the relative contribu-

tions of structural residual and chain-mediated effects.

Confirmation of these hypotheses would inform evidence-

based interventions targeting caries among children from

low-SES backgrounds. Specifically, it evaluates whether tradi-

tional health education alone is sufficient to reduce social dis-

parities in oral health, or whether macrostructural resource

allocation, such as improved access to preventive services

and economic subsidies, is required to achieve equitable oral

health outcomes.

A stratified cluster survey was conducted in Nantong City,

Jiangsu Province. Kindergartens were first stratified into

urban and suburban strata; within each stratum, 2 public and

2 private schools were randomly selected (6 public, 4 private).

All classes-small, middle, and large-were invited, and oral

examinations plus questionnaires were completed for 612

children; 595 usable records yielded a 97.2% response. The

instrument, adapted from a pre-tested preschool oral health

questionnaire, covered demographics and SES (parental edu-

cation, household income), a nine-item POHBS with 5-point

Likert and 3 reverse-scored items, children’s brushing and

sugar intake habits, and dmft recorded to WHO 2013 stand-

ards. Two calibrated dentists conducted exams (inter-exam-

iner k = 0.92). School doctors reviewed forms on site,
iourRisk-dmft pathwaymodel

Expected

r BeliefPrev b > 0

h lower BehaviourRisk (high‑sugar intake and b < 0

ted with higher dmft b> 0

haviourRisk, SES retains a direct negative effect on b< 0

quential mediation by BeliefPrev and indirect effect < 0

positive association, b < 0 a negative association, and b = 0 no linear
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eliminating missing data. Ethical approval was granted by the

Biomedical Ethics Committee of Nantong Stomatological Hos-

pital (PJ 2021-002-01) in line with the Declaration of Helsinki.

Parents received written study information and gave

informed consent; withdrawal was permitted at any time.

Examinations were non-invasive (visual inspection and prob-

ing only), and data were stored confidentially for research

and policy use. The same approval covers secondary

analyses.

Questionnaire structure and data processing

The questionnaire contains 34 items, developed according to

Kline’s principles and organised into 5 modules: demographic

information, SES, parental oral health beliefs, children’s oral

health behaviours, and oral clinical examination findings.

Variable names, coding methods, and descriptions are sum-

marised in Table 2, providing essential metadata for data rep-

lication, re-analysis, and model interpretation. Derived

variables standardised by Z-transformation for regression
Table 2 – Core variable dictionary of the questionnaire

Variable name Module Coding

Sex Basic info 1 = male; 2 = female

Age 3-6 years (integer)

Height Continuous, cm

Weight Continuous, kg

BMI Continuous, kg/m2

FatherEdu SES 1 = primary or below;

2 = junior high;

3 = senior high / vocatio

degree;

5 = bachelor’s or above

MotherEdu

IncomeLevel 1 = <50 k; 2 = 50-100 k;

3 = 100-200 k; 4 = 200-30

IncomeGroup Low / Middle / High

Feeding_6m 1 = breastfeeding; 2 = fo

OralStatusSelf Clinical examination Likert scale 1-5

NutritionStatus Likert scale 1-5

dmft Count 0-20

ToothacheYear 0 = no; 1 = yes

DentalVisit 0 = no; 1 = yes

SweetSnackFreq Child oral health behaviour 0-7 times/wk

SSB_Freq 0-7 times/wk

DairyDrinkFreq 0-7 times/wk

FastFoodFreq 0-7 times/wk

FriedFreq 0-7 times/wk

PackSnackFreq 0-7 times/wk

NightSugar 0-3 times/night

NightMilk 0-3 times/night

NightBrushFreq 0-7 times/wk

FluoridePaste 1 = yes; 2 = no; 3=unkno

Belief_Check Parental oral health beliefs Likert 1-5

Belief_FirstMolar Likert 1-5

Belief_Bacteria Likert 1-5

Belief_Sealant Likert 1-5

Belief_Innate_R Likert 1-5 (reverse-score

Belief_Bleed_R Likert 1-5 (reverse-score

Belief_Fluoride_R Likert 1-5 (reverse-score

Belief_MotherInflu Likert 1-5

Belief_Appearance Likert 1-5
analyses and path modelling are indicated by the suffix “_z”.

Given the brevity of the items, BehaviourRisk may under-cap-

ture diet timing/stickiness and supervised brushing; future

work will incorporate objective logs and plaque indices to

improve measurement precision.

The nine-item POHBS uses a 5-point Likert format. Explor-

atory factor analysis of the 9-item belief pool yielded 2 corre-

lated factors: the professional prevention (PP) and outcome

appearance (OA) domains. PP comprises 4 positively worded

statements; OA contains 2 positive and 3 reverse-coded

items. Because a assumes unidimensionality, this multidi-

mensionality likely contributed to the low POHBS a. We

therefore analysed a 4-item preventive-belief subscale to

improve coherence, noting its still-modest reliability. Internal

consistency was poor (a total = 0.18; PP = 0.40; OA = 0.08), indi-

catingmarked item heterogeneity. Exploratory factor analysis

of the polychoric matrix (KMO = 0.70; Bartlett

x2(36) = 684.5; p < .001) revealed 2 factors explaining 61% of

the variance. After rotation, the 4 positive PP items-regular

check-ups, pit-and-fissure sealants, protecting 6-year molars,
Meaning

Child sex

Child age

Measured height

Measured weight

Body mass index

nal; 4 = associate

Father’s highest education

Mother’s highest education

0 k; 5 = >300 k (CNY)

Household annual-income quintile

Household income category

rmula; 3 = mixed Feeding mode for the first 6 months

Parent-rated oral health

Parent-rated nutrition status

Decayed-missing-filled primary teeth

Toothache/discomfort in the past year

Visited a dental specialist hospital

Sweet-snack intake

Sugar-sweetened beverage intake

Dairy-drink intake

Fast-food intake

Fried-food intake

Packaged-snack intake

Bedtime sweet snack/drink

Bedtime formula-milk

Brushing before bedtime

wn Use of fluoride toothpaste

Regular dental check-ups are essential

Protect the first permanent molar is impor-

tant.

Bacteria can cause gingival inflammation.

Pit-and-fissure sealing can prevent caries.

d) Teeth are innate and unrelated to self-care

d) Gum bleeding during brushing is normal

d) Fluoride is useless for protecting teeth

Themother’s poor teeth affect the child’s

teeth.

Tooth decay affects a child’s appearance.



Table 3 – Distribution of SES quintiles

SES Quintile Count Percentage (%)

1 (lowest) 136 22.9

2 160 26.9

3 151 25.4

4 73 12.3

5 (highest) 75 12.6
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and “bacteria cause gingival inflammation”-loaded 0.46-0.71

on Factor 1, while the 3 reverse PP items loaded �0.42 to

�0.67. The 2 OA items loaded 0.64 and 0.68 on Factor 2,

matching expectations. To enhance reliability, only the 4

high-loading PP items (≥ 0.35) were averaged and standar-

dised to form BeliefPrev_z, focusing analyses on the interven-

tion-relevant prevention construct and minimising

measurement error.

All continuous or semi-continuous variables were z-stand-

ardised. SES was the mean of three 1-5 items (father’s educa-

tion, mother’s education, and annual income). Three

misconception statements were reverse-coded in the nine-

item POralHBS (6-x); only 4 professional-prevention items

with factor loadings ≥ 0.35 were averaged and standardised

as BeliefPrev_z. Misconception and appearance items were

excluded to reduce error. BehaviourRisk combined indicators

of inadequate plaque removal and free-sugar exposure.

Nightly toothbrushing frequency (1 = 0 times to 5 = ≥3 times)

was reverse-coded to InvBrush. The weekly frequencies of

sweets and sugar-sweetened drinks (0-7) were averaged with

InvBrush; all components were z-standardised and signs

aligned so that higher scores reflect higher risk, yielding

BehaviourRisk_z. A sensitivity variant (BehaviourRisk_alt_z)

additionally included snack and fried-food frequency; infer-

ences were unchanged. This work conducted stratified mod-

els by sex (boys/girls) and single-year age groups (3, 4, 5, 6

years) as pre-specified sensitivity analyses. Caries were

recorded according to the WHO 2013 criteria; teeth with car-

ies and fillings were counted as carious. Despite positive

skew, dmft was entered into linear models; a binary dmft_01

(0 vs ≥ 1) was used for sensitivity analyses. All indicators con-

formed to model assumptions.

Statistical analysis

This work used an observed-variable SEM chain to decom-

pose total effects into direct and indirect components and to

test mediation with bias-corrected bootstrap 95% CIs, report-

ing standardised b for within-model comparison. A latent-

variable SEM was not pursued because the belief item pool

showed low internal consistency (POHBS a�0.18; BeliefPrev

a�0.40), raising risks of unstable factor solutions and biased

paths. This transparent observed-variable framework,

therefore, best matched the measurement properties of the

present data.

Standardised path coefficients b are reported to convey the

expected change in the outcome per 1 SD change in the pre-

dictor, conditional on other variables. Statistical significance

was judged by bias-corrected bootstrap 95% CIs (2000 resam-

ples) and 2-sided p-values; CIs excluding zero indicate signifi-

cance. While b facilitates within-model comparisons of

relative pathways, cross-study comparisons of b should be

made cautiously, as standardisation depends on sample-spe-

cific variances and measurement reliability. As contextual

guidance (not rigid thresholds), b values of about 0.10, 0.30,

and ≥0.50 can be viewed as small, moderate, and large effects,

respectively. While dmft is a count outcome, we used chained

OLS for transparency; future work will consider generalised

SEM with count links to address zero-inflation and non-nor-

mality. Indirect (mediated) effects were assessed with bias-
corrected bootstrap 95% CIs. Given the modest reliability of

the belief scale and the cross-sectional design, small media-

tions may be downward-biased and should be interpreted

cautiously. The statistical analysis process is as follows:

Stage 1: Reliability/validity. Cronbach’s a was calculated

for the nine items and subscales. Scales with a < 0.70 under-

went exploratory factor analysis (polychoric matrix, multiple

imputation, principal-axis factoring). Factor number was set

by parallel analysis and eigenvalues > 1, followed by Varimax

rotation; loadings ≥ 0.35 were retained. If a stayed low, Belief-

Prev was recomputed from high-loading items;

Stage 2: Path modelling. Chained OLS regressions esti-

mated: (a) SES ! BeliefPrev; (b, c0) SES + BeliefPrev ! Behav-

iourRisk; (d-f) SES + BeliefPrev + BehaviourRisk ! dmft.

BehaviourRisk_alt_z tested sensitivity. Gender- and age-strat-

ified models compared standardised coefficients (95% CI);

Stage 3: Indirect effects. Bias-corrected bootstrapping

(2000 resamples) quantified mediation; paths were significant

when the 95% CI excluded zero. Analyses used Python 3.11

(pandas 2.2, matplotlib 3.8), R 4.3.2 (psych 2.3.6, GPArota-

tion 2023.9), and statsmodels 0.14/scikit-learn 1.4 with a fixed

seed (2025).
Results

Demographic and socioeconomic status distribution

This study encompassed 595 children aged 3 to 6 years and

their respective caregivers. The cohort consisted of 326 males

and 269 females, yielding a male-to-female ratio of approxi-

mately 1.21:1, which aligns with the findings of the Fourth

National Oral Health Epidemiological Survey of China. The

age distribution among the participating children approxi-

mated a normal distribution, with a mean age of 4.5 years

(SD = 1.0). The sample sizes across the different age groups

were relatively evenly distributed, with the proportions of

children aged 3, 4, 5, and 6 years being 23.7%, 27.2%, 26.4%,

and 22.7%, respectively. This balanced distribution satisfies

the statistical requirements necessary for detailed age-strati-

fied analyses.

SES was constructed from the average of three 1-5 scale

indicators: father’s education, mother’s education, and

annual family income, and divided into quintiles based on

the 20%, 40%, 60%, and 80% percentiles, as shown in Table 3.

In this study, low-SES families refer to the lowest 2 quintiles

(Q1-Q2) of the SES index. The lowest 2 quintiles comprised

296 cases (49.8%). In contrast, the highest quintile comprised

only 75 cases (12.6%), showing a slight left skew, with a clear

concentration of children with low SES, indicating that eco-

nomically disadvantaged groups in the study area still bear



Table 4 – Cronbach’s a reliability for the parental oral-
health beliefs scale

Scale Items Cronbach a

Full scale 9 0.175

Professional prevention subscale 6 0.401

Misconception subscale 3 0.084
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the brunt of oral health inequalities, and also providing suffi-

cient variation for subsequent SES gradient analysis.

Figure 1 summarises night-time brushing, fluoride tooth-

paste use, and sugar intake among 595 preschoolers. Nightly

brushing was everyday: 62.7% brushed every night, 34.8%

brushed 3-6 times/wk, and 2.5% brushed ≤2 times/wk. Fluo-

ride use lagged brushing: 53.6% of caregivers reported fluoride

toothpaste, 22.2% did not, and 24.2% were unsure, signalling

information gaps that may limit fluoride’s preventive benefit.

Sugar exposure was skewed toward snacks. While 24.7% of

children ate sweets ≥3 times/wk, only 4.8% drank sugary bev-

erages > 3 times/wk; 79.2% consumed sweet drinks once

weekly. High-frequency intake of fried or puffed snacks was

rare (3.7% and 5.0%, respectively), suggesting that these are

minor sources of sucrose. No sex differences emerged in any

indicator (e.g., sugary drinks x2 = 0.27, p = .60). A behavioural

risk index combined 3 standardised components: infrequent

night-time brushing (≤2 times/wk), sweet-snack frequency,

and sweet-drink frequency. Standardisation prevented any

single item from dominating the score. The index captures

the 2 principal caries risks-limited plaque removal and die-

tary sugars-and will be used in subsequent path models to

test behaviour as a mediator between SES and dmft.
Validation

Cronbach’s a for the POHBS is summarised in Table 4. The nine-

item a was 0.175, far below the conventional 0.70, indicating

marked item heterogeneity. Subscale reliabilities were also low:

professional-prevention (six forward-phrased items) a = 0.401

and misconceptions/negative beliefs (3 reverse-phrased items)

a = 0.084, both <0.50. The low consistency stems from reverse

items differing in difficulty and wording, and from image-

related statements that are loosely aligned with the core pre-

vention construct, thereby inflatingmeasurement error.
Fig. 1 –Descriptive statistics of oral-hygiene an
Given these results, 4 forward-phrased professional-pre-

vention items-regular check-ups, pit-and-fissure sealants,

protection of 6-year molars, and bacterial-caries were

retained to form the BeliefPrev composite score, reducing

error variance and preserving content most relevant to pre-

ventive practice for subsequent path analyses. After stand-

ardising reverse-coded items, EFA revealed a clear 2-factor

solution (Table 5). Factor 1 combined 4 strongly loaded pre-

vention items: pit-and-fissure sealants (0.505), bacteria cause

gingivitis (0.311), protecting deciduous teeth (0.436), and regu-

lar check-ups (0.354)- with 3 misconception statements with

small positive loadings (e.g., “good teeth are innate,” 0.173).

Thus, parents’ rejection of misconceptions and endorsement

of professional prevention skills form a single latent con-

struct accounting for 41% of the variance.

Factor 2 was supported mainly by perception items; caries

affects appearance (0.311), and a mother’s teeth influence her

child’s (0.363), which explains »20% of the variance. Loadings

were lower than those in Factor 1, indicating that appear-

ance-related concerns are mainly independent of profes-

sional-prevention beliefs; misconception items showed

negligible loadings here. The scale’s low overall a reflects het-

erogeneity between these 2 dimensions and the small item

set for Factor 2. To improve measurement reliability, 4 high-

loading items from Factor 1 (sealants, bacteria, deciduous-

tooth protection, check-ups) were retained to construct

BeliefPrev, while Factor 2 was used descriptively only. This
d sugar-intake behaviours in preschoolers.



Table 5 – Two-factor EFA loading matrix of the POHBS

Factor1 (Professional prevention dimension) Factor2 (Result-image dimension)

Fluoride does not protect teeth �0.517 0.078

Pit and fissure sealant can prevent childhood caries 0.505 0.15

Protecting deciduous teeth is very important 0.436 �0.118

Regular dental check-ups are essential 0.354 �0.208

Bacteria can cause gingivitis 0.311 �0.071

Bleeding gums while brushing is normal �0.280 �0.004

Dental caries affects children’s appearance 0.274 0.311

Mother’s poor teeth will affect her child’s teeth 0.176 0.363

Teeth are innate and unrelated to self-care 0.173 �0.265
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strategy enhances reliability and theoretical focus, providing

a stable base for subsequent path models.

Model estimation

The SES!BeliefPrev path was small and non-significant. The

inverse SES!BehaviourRisk association refers to the com-

posite index, not a single item; results were similar using an

expanded behaviour index.

(1) SES! BehaviourRisk

Table 6 summarises the OLS model with SES_z and Belief-

Prev_z predicting BehaviourRisk_z. The model was significant

(F = 11.01, df = 2, 592; p < .001) but explained slight variance

(adjusted R2 = 0.033), a pattern typical of complex social

behaviours. SES_z showed a significant inverse association

with BehaviourRisk_z (b = �0.187, p <.001): a 1-SD increase in

SES corresponded to a 0.19-SD decrease in combined brush-

ing and sugar-exposure risk. BeliefPrev_z was negligible

(b = 0.012, p = .769), likely dampened by measurement error

and social-desirability bias noted earlier.

These findings support the structure-first hypothesis: SES

affects BehaviourRisk, whereas belief scores add little.

Although the model explains only 3.3% of variance, this frac-

tion can mediate part of the SES-dmft link in subsequent

analyses. Public health efforts should therefore prioritise

removing structural barriers that limit low-SES families’

access to preventive resources, while supplementing these

efforts with high-fidelity educational strategies.

(2) BehaviourRisk! dmft and SES residual effects

Table 7 presents the multivariable model with Behaviour-

Risk_z, BeliefPrev_z, and SES_z predicting dmft. SES_z

remained the sole significant predictor (b = �0.329; p = .044;

95% CI: �0.649 to �0.009). Thus, a one-SD decline in SES corre-

sponded to an average increase of 0.33 carious teeth. By
Table 6 – Multiple regression of SES and BeliefPrev on Behaviour

b Std. Err. t

const 0.000 0.041 0.000

BeliefPrev_z 0.012 0.041 0.294

SES_z �0.187 0.041 �4.587
contrast, BehaviourRisk_z (b = 0.193; p = .233) and BeliefPrev_z

(b = 0.022; p = .890) were insignificant, their CIs spanning zero.

Although the 3 predictors accounted for 5.8% of the vari-

ance (adjusted R2 = 0.058), the SES effect persisted after

accounting for behaviour and cognition, indicating a residual

structural influence on caries. The regression intercept

(2.575) aligns with the sample mean dmft (2.58), underscoring

satisfactory prediction at average covariate levels. These find-

ings mirror the small effect pattern typical in oral health epi-

demiology, yet clearly demonstrate that socioeconomic

gradients outweigh short-term self-reported behaviours and

parental beliefs in preschool caries. Consequently, interven-

tions should prioritise reducing structural barriers, such as

costs and geographic access to fluoride and professional care,

while supplementing these efforts with evidence-based edu-

cation using high-reliability tools.

(3) Standardised path diagram

Figure 2 displays direct and indirect links among

SES, BeliefPrev, BehaviourRisk, and dmft within the SEM. Sig-

nificant paths are drawn as black solid lines; non-significant

ones as grey dashed lines. SES directly affected dmft

(b = �0.329, p = .044), indicating higher caries risk in lower SES

children. SES also negatively affected BehaviourRisk

(b = �0.187, p < .001), showing that limited economic and

educational resources are associated with poorer brushing

and dietary habits, raising caries risk. This dual pathway sup-

ports the structure− priority model: structural resources

directly shape disease prevalence, and behavioural risk is

shaped indirectly.

BeliefPrev showed no significant impact. The direct path to

dmft (b = 0.022, p = .890) and the indirect path via Behaviour-

Risk (b = 0.012, p = .769) were non-significant, indicating that

stronger parental beliefs alone do not translate into better

habits or fewer caries in this cross-sectional sample. This pat-

tern matches the scale’s modest reliability and the lag

between cognitive change and behavioural adoption. The
Risk

p Lower 95% CI Upper 95% CI

.991 �0.079 0.079

.769 �0.068 0.092

<.001 �0.267 �0.107



Table 7 – Multiple regression of BehaviourRisk, BeliefPrev, and SES on dmft

b Std. Err. t p Lower 95% CI Upper 95% CI

const 2.575 0.158 16.27 .000 2.264 2.886

BehaviourRisk_z 0.193 0.161 1.19 .233 �0.124 0.510

BeliefPrev_z 0.022 0.16 0.14 .890 �0.292 0.337

SES_z �0.329 0.163 �2.02 .044 �0.649 �0.009
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BehaviourRisk ! dmft link was positive but still non-signifi-

cant, likely reflecting the short observational window and

social-desirability under-reporting of sugar intake. Moreover,

the small coefficients are similar to those observed in previ-

ous behavioural studies in oral epidemiology, where signifi-

cant residual variance is common. Together with Figure 2,

these findings confirm SES as the dominant determinant of

preschool caries and show that educational programmes

must be paired with broad, community-wide structural poli-

cies-subsidised fluoride supplies and improved service

access-to secure practical, sustainable oral-health gains.

Sensitivity and Robustness

Figure 3 contrasts 2 dmft models that differ only in the Behav-

iourRisk index. The original index includes night-time brush-

ing, sweet-snack, and sweet-drink frequency; the extended

index adds snack and fried-food frequency (5 items total).

Both models control for BeliefPrev_z and SES_z. SES_z

remained influential: b = �0.329 (p = .044) in the 3-item model

and b = �0.310 (p = .057) in the 5-item model, slightly attenu-

ated yet directionally stable, indicating that socioeconomic

gradients persist after accounting for extra behaviour items.

BehaviourRisk lost strength after extension

(b = 0.193! 0.176), and both 95% CIs crossed zero, confirming

limited predictive value. BeliefPrev_z stayed negligible

(b � 0.02; p > .8). Adding snacks and fried-food frequency did

not improve model fit, likely because these variables are col-

linear with sugary-snack and sweet-drink intake, while omit-

ting critical aspects such as food stickiness and postmeal

brushing. Consequently, the behavioural pathway contribu-

tion to caries remains understated, whereas the structural

SES effect endures across specifications.

Figure 4 plots b (95% CI) for SES_z, BehaviourRisk_z,

and BeliefPrev_z against dmft separately for boys and girls.

SES_z showed a stronger negative link in boys (b = �0.16; CI

excludes 0) than in girls (b = �0.08; CI touches 0), suggesting

greater socioeconomic vulnerability among boys. Behaviour-

Risk_z and BeliefPrev_z were near zero in both sexes, with CIs

spanning 0, indicating no independent or gender-specific

effects. Thus, the structure-dominant, weak behaviour-belief

pattern remains consistent after gender stratification.
Fig. 2 – Path relationships among SES, B
Figure 5 traces SES effects on dmft across ages 3 - 6. The

SES b became more negative from �0.06 (age 3)

to �0.13 (age 5), then eased to �0.03 (age 6). A linear trend

(� �0.03 per year; p < .05) supports the cumulative disadvan-

tage hypothesis: low SES children experience prolonged expo-

sure to sugary diets and limited resources once primary

molars erupt, with disparities peaking at ages 4-5. The atten-

uated effect at age 6 may reflect fewer cases and earlier

school-based fluoride programmes, suggesting that interven-

tion should begin around 4-5 years via subsidies, fluoride

toothpaste distribution, and routine screenings.

BehaviourRisk_z b values rose slightly with age but

remained non-significant (CIs straddling 0), implying a biolog-

ical lag between high sugar exposure / skipped brushing and

observable enamel loss, compounded by parental under-

reporting and omission of factors such as food stickiness or

post-meal cleaning. BeliefPrev_z showed unstable, non-sig-

nificant effects (b = �0.13 at 4 years; b = 0.08 at 6 years), likely

due to scale unreliability and potential reverse causation

(parents heighten beliefs after noticing caries). Future work

should use objective methods, such as 24-hour dietary recall,

plaque biomarkers, and longitudinal follow-up to capture

delayed behavioural impacts. Validated scales are also

needed to track links between beliefs, behaviour, and caries

at different ages, forming the evidence base for phased, pre-

cise interventions.
Discussion

Main findings

Using cross-sectional data from 595 preschoolers, this

observed-variable SEM showed that SES retained a significant

negative link with dmft after controlling for beliefs and

behaviours. The SES effect intensified with age, peaking at

b = �0.13 at 5 years, then easing, likely due to a smaller six-

year subsample and school fluoride programme. This trend

supports cumulative disadvantage theory and identifies ages

4-5 as a key intervention window. Compared with earlier

reports (OR: 0.65 - 0.80; unstandardised b � �0.20), our age-

specific b values allow finer cross-study comparisons.
eliefPrev, BehaviourRisk, and dmft.



Fig. 3 –Sensitivity analysis with alternative behaviour-risk definition.
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Relative to other structural markers, the SES b mirrors the

dmft coefficient reported in the Basque region (b = �0.14) but

is weaker than community dentist density in the US Head-

Start cohort (b = �0.22).20,21 In urban settings where access is

generally good, economic advantage alone may not capture

the full gradient; neighbourhood dentist distribution and

social capital likely interact with SES. Multilevel models

incorporating public service density alongside SES could

more precisely disentangle economic versus neighbourhood

residual effects. Relating these paths to our prior LCA‑derived
groups—high‑risk/high‑sugar, medium‑risk/mixed, low‑risk/
high‑brushing—shows that even low‑risk children remain

exposed when SES is low, while the null Belief ! Behaviour

path implies education alone cannot shift high‑risk profiles

without simultaneous structural support. Thus, structural

measures plus targeted coaching are required; knowl-

edge‑only programmes are unlikely to close the SES gap.

Because b is sample-standardised, effect significance rests on

CIs/p-values, whereas practical importance should addition-

ally consider estimate precision, construct reliability, and pol-

icy relevance. Accordingly, our conclusions emphasise

direction, statistical evidence, and measurement limitations,

rather than bmagnitude alone.
Fig. 4 –Sex-stratified bwith
Behavior and and belief pathways: Lag, measurement, age
differences

The standardised coefficient for BehaviourRisk rose from 0.06

at age 3 to 0.16 at age 6, yet all 95% CIs crossed zero. This sug-

gests a biological or reporting lag between high sugar / missed

brushing and observable caries, consistent with STRIP‑cohort
evidence that sugar at age 5 predicts molar lesions only 18-

24 months later.22,23 Self‑report bias further weakens the sig-

nal: questionnaires omit stickiness, timing, and post‑meal

cleaning, and parents often mis‑recall bottle‑feeding or bed-

time drinks.24 Objective tools, multi‑day diet logs, plaque ATP

fluorescence, and pre‑sleep plaque photos could more accu-

rately capture behaviour in future work. The 4‑item BeliefPrev

composite showed modest internal consistency

(Cronbach’s a = 0.40). Such low reliability attenuates regres-

sion coefficients, so the near‑zero BeliefPrev ! Behaviour

and BeliefPrev ! dmft paths cannot be taken as evidence

that parental beliefs are unimportant. Social‑desirability bias

and potential reverse causation (heightened beliefs after car-

ies onset) may also mask actual effects. Reverse‑coded items

comprised 33% of the original scale, exceeding the WHO

<20% recommendation, and likely depressed a, echoing
95 % CI predicting dmft.



Fig. 5 –Age-stratified bwith 95 % CI predicting dmft.
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misclassification seen in Korean and Japanese adaptations.25

Future studies should adopt higher‑fidelity instruments, for

example, IRT‑calibrated items, cognitive interviews for cul-

tural clarity, situational‑judgement tests, and, where possi-

ble, corroborate parental reports with objective markers of

home care.

Model optimisation and measurement priorities. The non-

significant BehaviourRisk!dmft path likely reflects under-

reporting in self-reports and latency between exposures and

clinical caries. Future analyses could employ generalised SEM

using a negative-binomial or zero-inflated link for the dmft

path, test non-linearities and interactions (e.g., SES£ Behaviour-

Risk), and include richer indicators: diet timing and stickiness

(bedtime sugars, retentive snacks), supervised bedtime brushing

and fluoride exposure (toothpaste strength, varnish/sealants),

objective plaque status (visible plaque or photographic indices;

optional plaque ATP fluorescence), and contextual access (kin-

dergarten fluoride programmes; neighbourhood service density).

These enhancements may reduce attenuation, improve model

fit, and better capture behaviour-to-caries translation.

Interpretation of null mediation. The non-significant indi-

rect paths via BeliefPrev and BehaviourRisk do not imply that

beliefs or behaviours are irrelevant to ECC. First, the BeliefPrev

subscale showedmodest internal consistency (Cronbach’s a �
0.40; POHBS a � 0.18), suggesting attenuation of mediated

effects. Second, our cross-sectional design cannot establish

temporality and is vulnerable to reverse causality (e.g., exist-

ing cariesmay heighten parental concern and reported behav-

iours). Third, brief self-reports under-capture diet timing/

stickiness and supervised bedtime brushing, and behaviour-

to-caries translation may require 18−24 months to manifest

clinically. Consequently, we interpret the null mediation as a

measurement/timing limitation, while the direct SES associa-

tion remained detectable under these conditions. Prospective

studies using validated belief instruments, objective behav-

iour metrics (multi-day diet logs, fluoride exposure, visible/

plaque photographic indices), and longitudinal mediation

within generalised SEM for count outcomes are warranted.

Public health and clinical implications

The results point to 2 priorities. First, the cumulative SES

effect argues for early structural action-free fluoridated tooth-

paste, economic subsidies, and mobile clinics aimed at 4-5-
year-olds, before habits rigidify and caries accelerate. Second,

although BehaviourRisk was insignificant, its age-linked rise

suggests age 6 is an opportune moment for dietary counsel-

ling and reinforced bedtime brushing. Objective indicators

(detailed sugar logs, plaque biomarkers) should track pro-

grammed impact. The Australian School Dental Service shows

that coupling toothpaste distribution, sealants, nutrition

monitoring, and one-off subsidies for low-SES kindergartens

reduces mean dmft by 0.5-0.8 within 2 years, underscoring

the synergy of structural and behavioural measures.24

Consistent with the observed SES−dmft gradient and

attenuated belief/behaviour paths, structural supports should

accompany education, especially for families with con-

strained resources. Priority options include coverage and co-

payment waivers for fluoride varnish and sealants, subsi-

dised distribution of fluoride toothpaste to households with

preschoolers, and the integration of preventive care with rou-

tine child health contacts (e.g., immunisation visits, kinder-

garten health checks). At the service/environment level,

kindergarten-based supervised toothbrushing and school

food standards that limit free sugars reduce reliance on

parental knowledge alone. For underserved neighbourhoods,

mobile/community dental teams and tracking of service den-

sity and fluoride-programme participation can better target

resources. Where feasible, earmarked revenues from sugar-

sweetened beverage policies can finance preschool preven-

tion. In light of our age-stratified results, targeting ages 4−5
may maximise yield. These recommendations are presented

as policy-relevant associations rather than causal claims and

should be evaluated prospectively.

This work emphasises harmonised indicators and struc-

tural supports, consistent with Broomhead et al.,26 which

demonstrate how standardised international oral-health data-

sets enable equity monitoring and cross-country comparabil-

ity in service and outcome measures. In parallel, the 2-year

longitudinal study by Chou shows that parental health beliefs

prospectively predict ECC, indicating that our cross-sectional

null mediation is likely influenced by measurement reliability

and temporality, rather than the true absence of effect. 27

Limitations and future research

The non-significant BehaviourRisk!dmft path likely reflects

under-measurement of key behaviours and latency between
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exposures and manifest caries. Brief self-reports omit diet

timing and stickiness (e.g., bedtime sugars, retentive snacks)

and post-meal/brushing supervision, which can attenuate

path estimates. It should incorporate multi-day 24-hour diet

logs with timing/frequency/stickiness, together with bed-

time-brushing supervision logs and fluoride exposure (tooth-

paste concentration, varnish/sealants), together with

objective plaque indices (visible or photographic; optionally

plaque ATP fluorescence) to reduce measurement error and

better capture behaviour-to-caries translation.

This cross-sectional, single-city study cannot establish

causality, may be subject to self-report bias, and limits gener-

alisability. Future work should adopt multi-centre longitudi-

nal designs with repeated 24-h/3-d sugar logs, pre-sleep

plaque staining, and salivary biomarkers to track cumulative

behavioural effects. IRT-based refinement and invariance

testing across SES strata would strengthen measurement. A

cluster-randomised kindergarten trial comparing a compre-

hensive package of structural subsidies, objective monitoring,

and parental decision training with standard education could

test for a 1-year dmft reduction. Overall, our SEM findings

highlight a structure-priority, behaviour-lag, and cognition-

weak pattern, offering a quantitative basis for staged, hierar-

chical interventions.
Conclusions

This cross-sectional path study of 595 preschoolers quantified

direct and indirect links among SES, BeliefPrev, Behaviour-

Risk, and dmft. In the pooled model, SES retained a direct

inverse association with dmft (b = �0.329; 95% CI: �0.649 to

�0.009), while indirect paths via BeliefPrev or BehaviourRisk

were non-significant (bootstrap CIs spanning zero). Age-strat-

ified patterns showed the SES association strengthened to

b��0.13 at age 5. Within this dataset, structural disadvantage

outweighed short-term self-reported behaviours and parental

beliefs, indicating that knowledge-based education/behav-

iour coaching alone is unlikely to close the gradient. Effective

prevention should blend economic or service‑level supports,
such as subsidised fluoride and accessible paediatric care,

with targeted behaviour coaching. The strengths of the study

include its large sample, age‑specific modelling, and boot-

strap validation; the chief limitations are the cross‑sectional,
single‑city design, reliance on self-reports, and limited preci-

sion of the belief-scale. Multi‑centre longitudinal research

using objective behavioural metrics and validated cognitive

instruments is needed to confirm these associations and

refine the timing of combined structural-behavioural inter-

ventions.
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