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A B S T R A C T   

Objectives: To evaluate the effectiveness of educational messages as an aid in the control of early childhood caries 
(ECC) in low socioeconomic children. 
Methods: A single-blinded, randomized, and parallel-group study was conducted with 104 dyads of parents and 
children aged between 36–60 months, recruited in preschools from Bauru, Brazil. The participants were 
randomly allocated into control and intervention groups (1:1), stratified by parental eHealth literacy scores 
(eHEALS) and children’s caries experience. Every 2 weeks, text messages were sent to parents of intervention 
group via WhatsApp. Visible plaque index (VPI) and the International Caries Detection and Assessment System 
(ICDAS) were assessed at baseline, 3- and 6-month follow-ups, while eHEALS and dietary habits were determined 
at baseline and 6-month follow-up. Statistical analysis was performed to intra and intergroup comparisons 
through Fischer’s exact and McNemar tests, and Mann-Whitney U and Friedman tests, respectively (P < 0.05). 
Results: Despite similarities between groups, intervention increased parental eHEALS scores, influencing the 
reports about the children’s consumption of sugar-free sweets and controlling the severity of ECC. 
Conclusion: Therefore, mobile text messages were effective to control the severity of ECC in low socioeconomic 
preschoolers, improving parental eHealth literacy and changing children’s dietary patterns. 
Clinical significance: These findings demonstrate that parental-oriented WhatsApp messages can contribute to oral 
health education of socioeconomic vulnerable parents towards risk behavior changes to control ECC.   

1. Introduction 

Early childhood caries (ECC) is defined as the presence of one or more 
decayed (non-cavitated or cavitated lesions), missing (due to caries), or 
filled surfaces, in any primary tooth of a child under age six [1]. It has a 
complex etiology, being a biofilm- and sugar-dependent disease, influ-
enced by environmental, socioeconomic, biological, and behavioral fac-
tors [2]. ECC is the tenth most prevalent non-communicable disease 
worldwide [3], impacting the quality of life of preschoolers and their 
families [4], because its physical, social, and psychological damages [5]. 

The prevalence of ECC is higher among low socioeconomic pop-
ulations, due to several aspects, such as negative health beliefs, external 
locus of control, and limited levels of self-efficacy, oral health knowl-
edge, and health literacy [5–7], which hamper the adherence and 

engagement of parents with strategies focused on behavior changes. The 
influence of these drawbacks on oral health outcomes may be overcame 
by parental education [8], in a context of family- and child-centered care 
[9]. Thus, personal approaches as motivational interviews, home visits, 
and telephone contacts have proven effective in the management of the 
disease [10,11]. 

However, barriers found in developing countries, such as low in-
come, limited health infrastructure and high costs of services, prevent 
the access of families and children to health education [12–14]. In 
Brazil, 29 % of adults are functional illiterates, with 71 % presenting 
inadequate oral health literacy [15,16], i.e., people more prone to 
underuse preventive services and misinterpret health information [17]. 

The dissemination of information and communication technologies 
(ICTs) empowered individuals to make decisions about their own health 

* Corresponding author at: Al. Dr. Octávio Pinheiro Brisolla, 9-75, Vila Universitária, Bauru, SP, 17012-901, Brazil. 
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conditions [18,19]. For instance, 101 million of Brazilian people access 
the Internet using their smartphones [20]. It is well-known that mobile 
health (mHealth) interventions based on text messages (reminder, alert, 
motivation, and prevention) have a significant potential to improve the 
self-management of non-communicable diseases [21–23], such as dia-
betes, hypertension, and obesity [24,25]. These strategies are also being 
considered promising to improve oral hygiene, plaque removal, gingi-
vitis, and oral health literacy [26,27]. 

Taking into account the lack of clinical trials testing specific in-
terventions to the management of ECC and its risk factors [5], the aim of 
this study was to evaluate the effectiveness of oral health educational text 
messages to aid in the control of early childhood caries in low socioeco-
nomic children, considering caries experience, dental biofilm, and dietary 
habits. The hypotheses were that educational mobile text messages would 
have beneficial effects on the control of visible dental plaque, dental 
caries, and sugar consumption in children, and on the improvement of 
eHealth literacy of parents or caregivers after 6-month follow-up. 

2. Methods 

2.1. Trial design 

This study was designed as a single-blind, 2-parallel arm, and ran-
domized controlled trial (RCT) with 6-month follow-up [28]. The 
research protocol was reviewed and approved by the Council on Ethics 
in Human Research from the Bauru School of Dentistry, in accordance 
with the ethical standards of the Declaration of Helsinki, registered in 
the Brazilian Registry of Clinical Trials, and assigned with the universal 
trial number U111-1216-1393. This article was written in accordance 
with the checklist and guidelines of the Consolidated Standards of 
Reporting Trials (CONSORT) [29]. 

2.2. Participants 

Dyads of parents and children were recruited during visits to pre-
schools from Bauru, Brazil, if satisfying the following inclusion criteria: 
(i) children aged between 36 and 60 months; (ii) children with low so-
cioeconomic levels; (iii) children with an ICDAS score < 4 [30]; (iv) 
parents or caregivers with a mobile phone with Internet access; (v) 
parents or caregivers who accepted to participate in all stages of 
research by signing a written informed consent form; and (vi) parents or 
caregivers who already had WhatsApp Messenger app installed on their 
smartphones, or those who agreed to install it for participating in the 
study. 

The risk of dental caries of participants was determined based on the 
criteria of caries risk assessment of the American Academy of Pediatric 
Dentistry [31], through information collected from a questionnaire 
containing sociodemographic and child-related health information, such 
as age, gender, race, and education level, and from a dental examination 
performed by two trained and calibrated dentists (ML and APS). 

2.3. Intervention 

Every 2 weeks, the parents or caregivers of the intervention group 
received educational mobile text messages related to the management of 
ECC via WhatsApp Messenger. The electronic messages were conceptu-
alized using simple and understandable language in accordance with the 
findings reported by Lotto et al. [32], and based on the principles of the 
Health Belief Model [33], to increase the parental awareness about the 
risk factors and consequences of ECC towards the adoption of healthy 
behaviors [34]. The main characteristics of the messages are summa-
rized in Table 1. 

Simultaneously, audio narration readings were also sent to parents 
and caregivers, to improve their access to the educational contents. The 
participants were instructed to activate the function read receipts to 
confirm their adherence and engagement with the intervention; 

however, some parents or caregivers seemed disinterested in receiving 
the messages consistently over time (non-engaged participants). It was 
interpreted as a perception of self-sufficiency of parents in dealing 
adequately with their children’s oral health care. 

2.4. Measurements and outcomes 

All children were examined in the preschools by 2 trained and cali-
brated dentists (ML and APS) (kappa intraexaminer = 0.72 and 0.76; 
kappa interxaminer = 0.71) at baseline, 3- and 6-month follow-ups. 

The training and calibration of the International Caries Detection 
and Assessment System (ICDAS) [30] were performed by an official 
calibrator (DR), including (i) 4  h of didactic sessions with presentation 
of images, and discussions about ICDAS codes and examination pro-
tocols, (ii) 2 days of training with teeth coded with ICDAS between 0 and 
6, through the examination of patients and extracted teeth in the labo-
ratory, and (iii) the review of findings to identify differences in the 
interpretation of exams until reaching the consensus between the 
investigators. 

Children were examined positioned on school desks with the aid of 
artificial lighting. Initially, the visible plaque index (VPI) [35] was 
determined by the assessment of buccal surfaces of 6 deciduous teeth 
(#55, #53, #51, #71, #73 and #75) according to the absence (0) or 
presence (1) of dental plaque. The indices were calculated by the ratio of 
the sum of all codes per the number of assessed teeth, with values 
ranging between 0 and 1. 

Subsequently, dental surfaces were cleaned with an electric tooth-
brush (Vitality Precision Clean, Oral B, P&G, Cincinnati, United States) 

Table 1 
Characteristics of educational text messages.  

Messages Topics and Aims Word 
counts 

#1 

Concept of early childhood caries 

71 
Aim: to explain that preschoolers are also affected by 
dental caries, presenting its negative impact on children’s 
quality of life 

#2 
Toothbrushing 

142 Aim: to present and reinforce important aspects about 
toothbrushes and toothpastes 

#3 
Frequency of oral hygiene 

128 Aim: to define the appropriate frequency of toothbrushing 
and flossing 

#4 
Antibiotics and dental caries 

125 Aim: to elucidate the antibiotics usage is not the cause of 
ECC against a common negative health belief 

#5 
ECC as a controllable disease 

98 Aim: to clarify that dental caries is a controllable disease 
independently of systemic factors 

#6 
Sugar consumption 

85 Aim: to emphasize the low consumption of fermentable 
sugars for children, to prevent ECC 

#7 
Fluoride usage 

143 Aim: to explain the importance of fluoride to control ECC 

#8 
Parental responsibility for children’s oral hygiene 

110 Aim: to show the need of parental engagement in all 
aspects related to children’s oral hygiene 

#9 
Dental demineralization 

128 Aim: to educate parents or caregivers about dental 
demineralization 

#10 
Dental caries consequences 

94 Aim: to inform parents or cargivers about negative 
consequences of ECC 

#11 
Frequency of dental visits 

80 Aim: to advise parents or caregivers about the importance 
of periodic dental visits 

#12 
Mouthwashes 

147 Aim: to present the recommendation against the use of 
mouthwashes for preschoolers 

#13 
Diet 

112 Aim: to demonstrate the relationship between the high 
consumption of sugary-rich foods and ECC  
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to evaluate dental caries. The proportions of caries-free participants 
(ICDAS = 0), and children who increased their maximum ICDAS code (≥
1) or diagnosed with dentin caries lesions (ICDAS ≥ 4) were considered 
to the analysis of individual-based changes in dental caries severity over 
time. Also, the mean ICDAS/teeth was calculated by the ratio of the sum 
of all codes by the number of teeth, with values varying from 0 to 6, to 
the analysis of group-based changes in dental caries progression for 6 
months. 

Additionally, parents or caregivers were asked to respond a validated 
Brazilian version of the eHealth Literacy Scale (eHEALS) [36] and a 
questionnaire about dietary habits developed by Llena and Forner [37], 
at baseline and 6-month follow-up. The eHEALS was applied by a 
trained professional who provided the participants with a sheet con-
taining 8 items related to skills needed for the adequate consumption of 
eHealth information. The answers of each item were arranged into a 
5-point Likert scale, with options ranging from completely agree to 
strongly disagree. The participants were instructed to classify each item 
according to their own perception, achieving a total score varying from 
8 to 40, with higher scores representing higher self-perceived eHealth 
literacy [36]. 

The dietary habits were determined according to the frequency of 
consumption of 9 categories of foods: (1) foods containing sticky sugars: 
dried fruit, candies containing sugar, jellies, jams, and sauces; (2) food 
containing starch and sugar: cookies, cereals, and industrialized cakes; 
(3) candy without sugars; (4) milk and dairy products containing sugar: 
chocolate, yogurt, creams, ice creams and flans; (5) milk and dairy 
products without sugar: pure milk, sugar-free yogurt, and cheese; (6) 
sugary beverages: juices and soft drinks; (7) fruits: fruits and juices; (8) 
semi hydrolyzed starch-rich foods: potato chips, French fries, industri-
alized bread, and rolls; and (9) sugar-free foods: nuts, bread, pasta, and 
noodles. The frequencies of consumption were classified as high (every 
day or every week) or low (once a month or never) levels [37]. 

2.5. Sample size 

The calculation of sample size was performed using the Open Source 
Epidemiologic Statistics for Public Health, following the criteria and 
outcomes described by Zotti et al. [38]. It was based on the caries 
incidence rates of control (31.4 %, 11 out of 35) and intervention (8.3 %, 
3 out of 36) groups over 12 months, considering 5% level of significance, 
80 % power, and an attrition of 10 %. The final sample size was 104 
dyads of parents and children (52 in each group). 

2.6. Randomization and blinding 

The eligible dyads were randomly allocated (1:1) to control or 
intervention groups, stratified by dichotomized eHEALS scores (parents) 
and ICDAS (children), based on median values. The randomization was 
performed via a computer-generated list [39] through random block 
sizes for the allocation of participants. The balance between groups was 
also checked to mean age and gender distribution. The allocation 
sequence was concealed. The blinding of allocations was guaranteed by 
using closed and opaque envelopes, which were maintained confiden-
tially by an independent researcher (TC). 

This was a single-blind study. During the intervention, the messages 
were sent out to the participants by a specific investigator (PEAA). All 
investigators and participants were unaware of the assignment group 
during data collection; however, the parents or caregivers of interven-
tion group were obviously conscious about the educational messages 
that they received over time. 

2.7. Data analysis 

Statistical analysis was performed using SPSS Statistics software 21.0 
(IBM SPSS Statistics). The data was presented with descriptive statistics, 
being examined for lost values, outliers, normality, and homogeneity. To 

investigate the quality of randomization, potential differences between 
the characteristics of participants of the control and intervention groups 
were determined systematically, applying Student t tests for continuous 
variables and Chi-square test for categorical variables. 

These analyses were performed in accordance with the principle of 
intention-to-treat (ITT), taking into account all participants randomized 
for the trial groups. Missing data were handled by multiple imputation 
(MI) to create 25 imputed datasets, considering specific groups, age, 
gender, and measures collected at baseline. The incomplete response 
variables were VPI and ICDAS at 3- and 6-month follow-ups, and 
eHEALS and dietary habits at 6-month follow-up. 

All quantitative variables were submitted to Shapiro-Wilk and Lev-
ene tests to check normality and homogeneity of variances, respectively. 
As these assumptions were not reached, statistical comparisons were 
conducted using nonparametric tests. 

The results of VPI, ICDAS/teeth and eHEALS were compared inter-
group and intragroup by Mann-Whitney U and Friedman tests, respec-
tively. Fischer’s exact and McNemar tests were employed to detect 
differences in the distribution of the frequency of caries-free partici-
pants, children who increased their maximum ICDAS code, children 
with the diagnosis of dentin caries lesions, and the pattern of children’s 
food consumption inter- and intragroup over time, respectively. P values 
< 0.05 was considered significant. 

Although non-significant, missing data appeared to be more common 
in the intervention group for VPI and ICDAS [5.8 % (control) vs. 9.2 % 
(intervention) of complete cases, P = 0.715] and eHEALS [30.8 % (control) vs. 
40.4 % (intervention) of complete cases, P = 0.413]. Also, children with 
missing values presented higher means of VPI (0.44 vs. 0.40) and ICDAS 
(0.44 vs. 0.37) at baseline than their counterparts. In this sense, it was 
postulated that (i) children who failed to attend in follow-ups were likely 
to have been in relatively poorer oral health conditions, and (ii) parents 
who failed to complete the questionnaires were likely to have had lower 
eHEALS scores. 

Then, the missing at random (MAR) and missing not at random 
(MNAR) sensitivity analyses were performed to determine difference 
means and 95 % confidence intervals to normalized values of continuous 
variables at 6-month follow-up (> 5% missing outcome data), using a 
pattern-mixture approach following MI. We assumed that children’s VPI 
and ICDAS could be up to 10 % higher (c = 1.1), whereas parental 
eHEALS scores could be up to 10 % lower (c = 0.9) compared to the MAR 
setting (c = 1). This sensitivity parameter c was allowed to differ in up to 
5% between control and intervention groups. It resulted in 13 different 
scenarios, with c = 1.10, 1.05, 1.0, 0.95, or 0.9. 

3. Results 

3.1. Participants 

A total of 415 children were screened during the recruitment (March 
2019 to July 2019), being excluded 89 (21.45 %) for not meeting the 
inclusion criteria, and 222 (53.49 %) for declining to participate. A 
hundred and four dyads of parents and children were enrolled into the 
study. They were randomly allocated in control and intervention groups 
(n = 52 each). Throughout the study (August 2019 to February 2020), 3 
children (5.76 %) of the control group and 5 children (9.61 %) of the 
intervention group failed to attend in dental appointments (attrition of 
7.69 %). During the follow-up period, 21 (40.3 %) parents of the 
intervention group refused to receive educational mobile text messages, 
being 14 (26.9 %) along the first 3 months. The recruitment, randomi-
zation, allocation, and follow-up of participants are outlined in the 
CONSORT flow diagram (Fig. 1). 

3.2. Characterization of groups 

The sociodemographic and clinical characteristics of groups are 
depicted in Tables 2 ,3 ,4 and 6. At baseline, both groups were 
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statistically similar in relation to mean age, gender distribution, parental 
eHEALS scores, VPI, mean ICDAS/teeth, proportion of caries-free chil-
dren, and dietary habits. All children were recruited in preschools 
located in low socioeconomic suburbs of the city. 

3.3. Primary outcomes 

The clinical outcomes of control and intervention groups were sta-
tistically similar over time (Tables 3, 4 and 6). 

Although the percentages of children with dentin caries lesions were 
exactly the same in both groups after 6 months, the proportion of par-
ticipants with the increment of maximum ICDAS did not increase 
significantly in the intervention group (15.4%–23.1%, P = 0.125), 

differently of that observed in the control group (21.2%–36.5%, 
P = 0.008) between 3- and 6-month follow-ups. Also, it is noteworthy 
the stability of caries-free children in the intervention group (n=5), 
instead of a considerable reduction found in the control group (50 %, 
from n=10 to 5) (Table 3). 

The significant increment of VPI observed in the intervention group 
at 3-month follow-up was not detected over time, whereas mean ICDAS/ 
teeth increased consistently in both groups (Table 4). 

According to the results of the sensitivity analysis, data imputation- 
related changes in model output values varied until 5.41 % for VPI and 
8.82 % for ICDAS/teeth at 6-month follow-up, considering the ratios 
between MAR and all MNAR scenarios (assumption i) (Table 5). The 
similarities of groups for VPI and ICDAS/teeth are clearly detected by 
the analysis of 95 % confidence intervals. 

Moreover, parents of the intervention group significantly reported a 
higher consumption of sugar-free sweets and a lower consumption of 
sugar-free foods by their children (Table 6). 

3.4. Secondary outcomes 

Although parental eHealth literacy scores were statistically similar 
between groups at 6-month follow-up, eHEALS increased significantly in 
the intervention group (+10.32 %, P = 0.001), in contrast with a non- 
significant decrease observed in the control group (-2.65 %, P = 0.376) 
(Table 4). Interestingly, scores increased even more among engaged 
parents in comparison to non-engaged ones (14.11 % vs. 3.85 %). 

Fig. 1. Participant flow diagram.  

Table 2 
Sociodemographic characteristics of participants at baseline.   

Control Intervention Total P  
(n = 52) (n = 52) (n = 104)  

Age (children)     
Mean ± SD 3.6 ± 0.6 3.4 ± 0.6 3.5 ± 0.6  
Median 4.0 3.0 3.0 0.195 
Gender (children)     
Female 29 (55.7 %) 28 (53.8 %) 57 (100 %)  
Male 23 (44.3 %) 24 (46.2 %) 47 (100 %) 0.845 
eHEALS (parents)     
Mean ± SD 24.5 ± 8.5 24.0 ± 8.1 24.3 ± 8.3  
Median 25.5 25.0 25.0 0.943  
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The sensitivity analysis demonstrated that data imputation-related 
changes model output values varied until 27.61 % for eHEALS at 6- 
month follow-up, considering the ratios between MAR and all MNAR 
scenarios (assumption ii). In addition, the analysis of 95 % confidence 
intervals demonstrates a trend of the mean difference being even higher 
between intervention and control groups (Table 5). 

3.5. Harms 

There is a likelihood that parents of the intervention group have been 
exhausted in receiving periodic educational messages over time. Addi-
tionally, although this research protocol was considered to be applied 
during 12 months, in April 2020, this study needed to be discontinued 
early because of the pandemic coronavirus (COVID-19). 

4. Discussion 

These findings indicate the effectiveness of mobile text messages to 
aid in the control of ECC in low socioeconomic children. Although 
observed clinical outcomes were similar between groups, this educa-
tional strategy increased eHealth literacy of parents, influencing reports 
of changes in the patterns of sugar consumption of preschoolers. In this 
context, the intervention seemed to contribute with better children’s 
oral health status, controlling the severity of the disease, demonstrated 
by higher proportions of participants without variation of their 
maximum ICDAS, and by the maintenance of caries-free participants 
over time. These results are consistent with the positive influence of 
educational messages on the engagement and attitudes against ECC in 
vulnerable groups as described by Borelli et al. [40]. Other mobile 

educational strategies were also able to improve oral health aspects, 
although they were usually applied in samples of different ages from 
developed countries [27,38,41,42]. 

Indeed, this intervention was effective even considering the low 
levels of eHealth literacy of participants at baseline and its short follow- 
up, which could make difficult the engagement of parents in accessing 
WhatsApp messages [43,44], and the observation of significant effects of 
educational mobile messages on clinical measures [45], respectively. In 
these circumstances, we suppose the observation of intergroup differ-
ences after 9 months, in relation to caries-free and increment of 
maximum ICDAS outcomes. This hypothesis emerged from the analysis 
of trends through the observation of indicators in 3 data points (data not 
shown), being also corroborated by the reference used to determine this 
sample size [38]. Definitely, these arguments should be taken into ac-
count with caution, since they were based on a simple mathematical 
approach compared with an evidence obtained from adolescents. 

Moreover, the significant increases of children with dentin caries and 
the mean ICDAS/teeth deserve attention in relation to the progression of 
ECC in both groups. In this sense, the polarization of ECC even within a 
homogenous socioeconomic vulnerable population must be considered, 
indicating that other factors apart from income may contribute to disease 
susceptibility [46]. For the highest caries risk group, it is expected that the 
association of educational text messages with other preventive strategies 
(e.g. regular dental visits to fluoride varnish applications) would achieve 
better control of the progression of dental caries [30]. Also, it is important 
to note that central tendency measures as the mean ICDAS/teeth are 
excellent summary indices for groups; however, they may not be useful to 
evaluate the results of oral health-based interventions, because it reflects a 
disease measure separated from those affected individuals [47]. 

Table 3 
The comparison of proportions of children without caries lesions (ICDAS = 0), who increased maximum ICDAS (at least ≥ 1), and diagnosed with dentin caries lesions 
(ICDAS ≥ 4) between groups over time. P values represent the significance level between groups regarding the same time (independent measures, Fischer’s exact test), 
while P’ values represent the significance level between times regarding the same group (repeated measures, McNemar’s test, P < 0.05). The asterisks indicate sig-
nificant statistical differences.    

Baseline 3-month follow-up 6-month follow-up   

Control 
(n = 52) 

Intervention 
(n = 52) 

P Control 
(n = 52) 

Intervention 
(n = 52) 

P Control 
(n = 52) 

Intervention 
(n = 52) 

P 

Caries free (ICDAS = 0) 
Yes 10 (19.23 %) 5 (9.62 %) 0.264 6 (11.54 %) 5 (9.62 %) 1.000 5 (9.62 %) 5 (9.62 %) 1.000 
No 42 (80.77 %) 47 (90.38 %)  46 (88.46 %) 47 (90.38 %)  47 (90.38 %) 47 (90.38 %)  
P’    0.125 1.000  0.063 1.000  

Increased ICDAS (at 
least ≥ 1) 

Yes – – – 11 (21.15 %) 8 (15.38 %) 0.613 19 (36.54 %) 12 (23.08 %) 0.198 
No – –  41 (76.92 %) 44 (84.62 %)  33 (63.46 %) 40 (76.92 %)  
P’ – –  – –  0.008** 0.125  

Dentin caries 
(ICDAS ≥ 4) 

Yes 0 (0%) 0 (0%) 1.000 3 (5.77 %) 2 (3.85 %) 1.000 6 (11.54 %) 6 (11.54 %) 1.000 
No 52 (100 %) 52 (100 %)  49 (94.23 %) 50 (96.15 %)  46 (88.46 %) 46 (88.46 %)  
P’    0.250 0.500  0.031** 0.031**   

Table 4 
Mean (±SD) and median (IQR) of VPI, ICDAS/teeth and eHEALS according to groups over time. P values represent the significance level of intergroup differences 
(Mann-Whitney, control vs. intervention). P’ values represent the significance level of intragroup differences (Friedman, follow-ups vs. baseline). The asterisks indicate 
significant statistical differences.    

Baseline 3-month follow-up 6-month follow-up  

Control 
(n = 52) 

Intervention 
(n = 52) 

P Control 
(n = 52) 

Intervention 
(n = 52) 

P Control 
(n = 52) 

Intervention 
(n = 52) 

P 

VPI 

Mean ± SD 0.39 ± 0.34 0.43 ± 0.32 0.503 0.39 ± 0.32 0.47 ± 0.33 0.212 0.31 ± 0.33 0.38 ± 0.31 0.204 
Median 
(IIQ) 

0.33 (0.67) 0.33 (0.50)  0.33 (0.63) 0.50 (0.50)  0.26 (0.63) 0.33 (0.50)  

P’    0.869 0.040**  0.139 0.398  

ICDAS/ 
teeth 

Mean ± SD 0.35 ± 0.32 0.40 ± 0.41 0.717 0.43 ± 0.37 0.54 ± 0.49 0.195 0.52 ± 0.42 0.59 ± 0.52 0.737 
Median 
(IIQ) 0.28 (0.54) 0.25 (0.49)  0.33 (0.64) 0.48 (0.59)  0.38 (0.64) 0.55 (0.63)  

P’    <0.001** <0.001**  <0.001** <0.001**  

eHEALS 

Mean ± SD 24.53 ± 8.50 24.02 ± 8.14 0.943    23.73 ± 9.79 26.39 ± 10.10 0.091 
Median 
(IIQ) 

25.50 (12.0) 25.00 (11.0)     24.00 (11.0) 28.02 (13.0)  

P’       0.376 0.001**   
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Regarding sugar consumption, although it is discouraged during the 
first years of life, it exceeds that recommended for the management of 
ECC in most developing countries, due to cultural, social, and economic 
issues [48]. Notwithstanding, this intervention seemed effective to 
concern parents about the role of dietary habits on dental caries, since 
they reported an increase of free-sugar sweets intake and a decrease of 
sugar-free foods by their children. Although these outcomes seem 
controversial, the list of sugar-free foods that was made available for 
participants included meals rich in carbohydrates (pasta and bread) and 
salt (dehydrated noodles), both considered inadequate for the devel-
opment of other conditions as obesity and hypertension, i.e., educational 
contents may influence parents towards a healthy diet. 

The relative stability of the presence of visible plaque in both groups, 
with a negligible trend of reduction over 6 months, can be explained by 
the practical difficulties of parents in following professional recom-
mendations about oral hygiene, mainly because children’s negative 

behaviors [32]. In addition, health behaviors of participants enrolled in 
clinical trials can be improved by the Hawthorne effect, independently 
of the group [49,50]; however, VPI seems more adequate to be a com-
plementary information about caries risk assessment of preschoolers 
than to be a considerable clinical indicator to the control of ECC. In this 
sense, the main efforts for the primary prevention of the disease are 
focused on the delivery of educational information to promote the 
reduction of sugar consumption and the use of topical fluoride [5]. 

This model seemed feasible to aid in parental behavior changes, to 
develop personalized messages for child and family-centered care, 
aiming to educate parents or caregivers for adequate decision-making 
related to their children’s health. Also, text messages can be important 
to gather oral health-related information towards the elucidation of 
doubts and beliefs that may arise from inadvertent consumption of mis- 
or disinformation [51]. In this context, dentists must offer support to all 
personal demands, making constant improvements in the process of 
professional-person communication, using alternative ways to present 
the information, such as figures, videos or illustrations [52]. It is 
emphasized that those options were not applied in this study to improve 
the chance that all participants could visualize the contents indepen-
dently their Internet data package. Hence, the development of policies 
for inclusive digital practices, such as universal access to free Internet 
and gadgets, would be desirable to amplify the delivery of mHealth 
solutions in developing countries, mainly to socioeconomic vulnerable 
populations [53], empowering people to self-care. 

This study presents some limitations. First, not all parents or care-
givers returned completing questionnaires at 6-month follow-up, which 
could influence the interpretation of eHEALS and dietary habits out-
comes. Then, we performed the sensitivity analysis considering the in-
fluence of different scenarios of missing data multiple imputation on these 
results, which demonstrated a trend of enlargement in the difference of 
eHEALS scores between groups. Second, parents of the intervention group 
may get exhausted from consuming periodic educational text messages 
about a health issue that they were not used to discuss out of dental office. 
To minimize this discomfort, the messages were sent them only every two 
weeks. Third, the educational messages were formulated from doubts and 
beliefs of other parental groups [32], limiting the availability of contents 
for these participants. In contrast, the educational messages seemed to 
address the management of ECC-related risk behaviors. Fourth, this study 
needed to be discontinued due to COVID-19, preventing the participants’ 
feedback on their general impressions and satisfaction about this novel 
approach for health promotion. 

In conclusion, parental-oriented mobile text messages were effective 
to control the severity of ECC in low socioeconomic preschoolers, 

Table 5 
Different MNAR assumptions for missing VPI, ICDAS and eHEALS data.  

Scenario 
number 
(assumption) 

MNAR rescaling 
parametersa VPI mean 

difference 
[95 % CI] 

ICDAS 
mean 
difference 
[95 % CI] 

eHEALS 
mean 
difference 
[95 % CI] ccontrol cintervention 

1 (MAR) 1 1 0.074 
[-0.037 to 
0.184] 

0.034 
[-0.143 to 
0.212] 

2.340 
[-1.300 to 
5.980] 

2 (i) 1.10 1.10 0.077 
[-0.036 to 
0.191] 

0.036 
[-0.145 to 
0.217] 

2.793 
[-1.102 to 
6.687] 

3 (i) 1.10 1.05 0.075 
[-0.037 to 
0.187] 

0.034 
[-0.146 to 
0.214] 

2.158 
[-1.644 to 
5.961] 

4 (i) 1.05 1.10 0.078 
[-0.035 to 
0.192] 

0.037 
[-0.144 to 
0.218] 

3.158 
[-0.711 to 
7.027] 

5 (i) 1.05 1.05 0.074 
[-0.038 to 
0.186] 

0.035 
[-0.145 to 
0.214] 

2.541 
[-1.247 to 
6.329] 

6 (i) 1.05 1 0.073 
[-0.038 to 
0.184] 

0.033 
[-0.145 to 
0.211] 

1.869 
[-1.697 to 
5.641] 

7 (i) 1 1.05 0.076 
[-0.036 to 
0.187] 

0.036 
[-0.144 to 
0.216] 

2.905 
[-0.863 to 
6.673] 

8 (ii) 1 0.95 0.072 
[-0.039 to 
0.182] 

0.032 
[-0.145 to 
0.210] 

1.853 
[-1.803 to 
5.509] 

9 (ii) 0.95 1 0.075 
[-0.036 to 
0.185] 

0.036 
[-0.142 to 
0.213] 

2.728 
[-0.907 to 
6.362] 

10 (ii) 0.95 0.95 0.073 
[-0.037 to 
0.183] 

0.033 
[-0.143 to 
0.210] 

2.240 
[-1.400 to 
5.880] 

11 (ii) 0.95 0.90 0.071 
[-0.039 to 
0.181] 

0.031 
[-0.144 to 
0.207] 

1.694 
[-1.965 to 
5.353] 

12 (ii) 0.90 0.95 0.074 
[-0.036 to 
0.184] 

0.034 
[-0.142 to 
0.211] 

2.596 
[-1.060 to 
6.253] 

13 (ii) 0.90 0.90 0.072 
[-0.037 to 
0.182] 

0.032 
[-0.143 to 
0.208] 

2.057 
[-1.614 to 
5.727] 

All results are based on imputed data comparing the control and intervention 
groups at 6-month follow-up (n = 104). For participants with complete clinical 
(n = 96; 92.3 %) and questionnaire-based data (n = 67; 64.4 %), the observed 
VPI mean difference was 0.067 [95 % CI: -0.050 to 0.184], the ICDAS mean 
difference was -0.029 [-0.207 to 0.148], and the eHEALS mean difference was 
2.351 [-1.951 to 6.654]. 
CI confidence interval, MAR missing at random, MNAR missing not at random, 
mean difference (intervention – control). 

a How missing data are assumed to differ from the MAR-imputed values. 
ccontrol = 0.9 means that all imputed values in the control group have been 
reduced in 10 %. 

Table 6 
Proportion of children with high frequency of consumption of different types of 
foods. Significant statistical differences were not detected between groups at 
baseline and 6-month follow-up (independent measures, Fischer’s exact test). 
The asterisks indicate significant statistical differences of the consumption of 
sugar-free sweets and foods in the intervention group, regarding distinct times 
(repeated measures, McNemar’s test, P < 0.05).  

Foods Baseline 6-month follow-up  

Control Intervention Control Intervention 

Sticky sugar-rich foods 67.3 67.3 78.8 73.1 
Foods containing starch 

and sugar 
55.8 55.8 55.8 55.8 

Sugar-free sweets 21.2 9.6** 23.1 36.5** 
Sugared milk and dairy 

products 
73.1 67.3 71.2 63.5 

Non-sugary milk and dairy 
products 

44.2 30.8 44.2 44.2 

Sugary liquids 69.2 76.9 61.5 69.2 
Fruit 69.2 65.4 69.2 61.5 
Foods rich in semi- 

hydrolyzed starch 
59.6 67.3 55.8 53.8 

Sugar-free foods 75.0 69.2** 59.6 50.0**  
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improving parental eHealth literacy and changing children’s dietary 
habits. Further studies should be performed to elucidate the role of this 
promising educational strategy for the management of ECC in distinct 
populations, considering longer follow-ups. 
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