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Oral clinical statusand oral health-related quality of life: is socioeconomic position a
mediator or a moder ator ?

ABSTRACT

Aim: To evaluate whether socioeconomic position exerts a mediating and/or moderating effect
on the association between oral clinical measures and oral health-related quality of life
(OHRQoL) in adolescents.

Methods: The study analysed data on 5445 adolescents aged 15-19 years from the Brazilian Oral
Health Survey (SBBrasil Project). Number of decayed and missing teeth, number of sextants
with gingivitis and malocclusion were assessed through oral clinical examinations. Participant’s

age, sex, OHRQoL and socioeconomic position were also collected. Monthly family income was
used to indicate participant’s socioeconomic position and OHRQoL was assessed using the Oral
Impacts on Daily Performance (OIDP). Moderation was tested using Poisson regression models.
Structural equation modellingid Sobel’s test assessed the mediation effects.

Results: Oral clinical measures, OHRQoL and socioeconomic position were significantly
correlated (P < 0.001). The moderator effect of socioeconomic position on the association
between all oral clinical measures and OHRQoL was observed. The impact of all oral clinical
conditions on adolescents’ OHRQoL was lower in the low-family income groups than those who
were better off. Socioeconomic position partially mediated the relationship between the four oral
clinical measures and OHRQoL. Sobel’s test confirmed these findings (P < 0.001).

Conclusions: The findings suggest the importance of socioeconomic position as a moderator and
mediator factor between oral clinical measures and OHRQoL. Disadvantaged adolescents are
likely to experience poor OHRQoL due to oral conditions. The reduction of the impact of oral
conditions on quality of life in adolescents may be enhanced by tackling social inequalities
related to oral health.



INTRODUCTION
Oral health-related quality of life (OHRQoL) is a subjective multi-dimensional construct
measuring the extent to which oral conditions impact on physical functioning, psychological,
emotional and social well-beihgThe importance of OHRQoL for dental practice and oral health
policies has been acknowledged reflecting the increase of OHRQoL measures in oral health
research? Aspects related to such expansion include the recognition that OHRQoL measures
are “reliable”, the development of validated instruments, and the responsiveness of OHRQoL
measures to meaningful clinical chanyeéBuring the recent decades OHRQoL indicators have
been collected in different types of dental studies, including surveys, studies involving specific
population groups, clinical trials, health services research, and cost-utility atrlysis

The identification of predictors of OHRQohas been considered a relevant topic in
dental research. Poor clinical oral health status, demographic characteristics, psychosocial factors
and socioeconomic conditions have been identified as predictors of OHRQoL in different age
group$23. Previous studies involving chilein and adolescentbave reported the potentigl
harmful influences of dental caries, dental trauma, missing teeth, gingivitis, and malocclusion on
OHRQoL57:910-1214,15.20-2317] diseases may affect people’s well-being and OHRQoL through
symptoms status (eg. dental infection, dental pain), functional status (eg. eating and speech
impairments), and emotional and social negative influences (eg. social interaction problems due
to dental aesthetic concerfi§ Recent evidence has shown different mediating effects on the
link between poor oral conditions and OHRQoL. For example, personal health practices and use
of services mediated the relationship of decayed teeth and perceived treatment need with
OHRQol’. The influence of decayed and missing teeth on quality of life was mediated by
functional statu$ In addition, the association between caries experience and OHRQoL was
mediated through psychological characteridtics

There is robust evidence to supporattbral health disparities are influenced dxyial
inequalities. Socioeconomic characteristics are important environmental factors that can
negatively impact on children and adolescent’s OHRQOL. A recent systematic review on the
impact of parental socioeconomic status and home environment charasteristhildren’s
OHRQoL suggests that children from more affluent families and withehjggrental education
had better OHRQOQE. In addition, low education and low household income were associated

with worse OHRQoL in adolescefts$?% Studies on social determinants of oral diseases suggest



that health inequalities related to clinical oral conditions are more common in socially deprived
population groupd. Children and adolescents from lower socioeconomic families have poorer
oral health than those who are better off when different clinical outcomes (eg. dental caries,
gingivitis) and measures of social status (eg. family income, parental education, and occupational
background) were consideréd’.

The relationships between socioeconomic conditions, clinical oral status and OHRQoL
have been investigated using different analytical strategies, including multivariable regression
analysig®17182022 gnd structural equation modellirfg11>19 In the latter statistical method,
theoretical models have been tested to identify direct and indirect effects between biological,
individual and environmental variables and OHRQoL outcémidswever, the main aim of
previous studies has been to investigate the determinants of OHRQoL and well-being.

Socieoconomic status has been considered an important predictor of oral clinical status
and OHRQol81012.13.1517.18201n gqdijtion, socieoconomic status has been acknowledged a
potential confounder on the relationship between dental status and OMREGL"1820
However, far too little attention has been paid to the other possible roles of socioeconomic
position on this relationship. It can be arguke influence of oral clinical status on OHRQoL
may vary according to different socioeconomic groups suggesting a moderator effect of
socioeconomic status on the association between oral clinical status and OHRQoL. Adolescents
from better off socioeconomic background may experience higher impact on their OHRQoL
despite having better oral health conditiofitis might be explained because of the greater
awareness of factors related to oral health and the pervasiveness effect of oral diseases on
OHRQoL in these individuals. Previous research shows the relationship between clinical oral
status and OHRQoL is alleviated in socially privileged populatibHs A different perspective
is to speculate that socioeconomic status mediate the impact of oral clinical status on OHRQoL
Based on this mediational model, adolesentl health status is a consequence of their social
position which in turn deteriorate their OHRQoL, suggesting the mediator effect of
socioeconomic status. People living in social disadvantage are more exposed to economic
deprivation and poor social ties, such as low social support and social isolation, which in turn are
associated with poor oral health in adoles@ftsThe available socioeconomic resources may
buffer the impact of oral clinical status on OHRQoL. For instance, adolescents from high

socioeconomic status tend to live in higher health-promoting areas (eg. txgesyentive



dental care andwvater fluoridation) increasing the opportunities to engage in oral health-
promoting behaviours.

Exploring the moderation and mediating effects of socioeconomic position on the link
between dental status and OHRQoL is relevant for health care professionals and policy makers
for different reasons. One is to raise the awareness and to highlight the importance of the
development of strategies to reduce social inequalities to minimize the negative direct and
indirect effects of oral diseases on OHRQoL. From the point of view of health policies,
intersectoral actions aiming to tackle socioeconomic disparities would result in an overall
improvement of population oral health and also would reduce the oral health gap between
different socioeconomic groups. With these points in mind, the present study explored the
mediation and modification effects of socioeconomic status on the relationship between oral
clinical measures on OHRQoL in adolescents using the Wilson and Cleary conceptulal mode
(Figure 1%. Therefore, we can hypothesise that the association between clinical oral health
measures and OHRQoL vary according to different socioeconomic status (moderator
hypothesis). Another hypothesis is that socioeconomic status mediates the impact of poor oral
health on OHRQoL. The above-mentioned gaps in knowledge prompted us to conduct a study
using a representative sample of Brazilian adolescents to test (1) whether dental caries, missing
teeth, gingivitis, and malocclusion are associated with poor OHRQoL; (2) whether
socioeconomic position modifies the association between oral clinical measures on OHRQoL
(effect of modification); and (3) whether socioeconomic status mediates the relationship between

oral clinical measures and OHRQoL (mediation effect).

METHODS

Participants and sampling procedures

The present study was carried using data from the Brazilian Oral Health Survey (SBBrasil
Project) in 2018. A representative sample of Brazilian adolescents from urban areas of the
country were clinically examined in their homes to estimate their oral health conditions. In
addition, demographic data, soetonomic characteristics and OHRQoL were registered
through interview®3% This study included all individuals aged between 15 and 19 years from
the state capitals, the Federal District and Interior Municipalities who participated in the

SBBrasil Project.



The sample sizef the Brazilian Oral Health Survey was calculated to estimate the mean
of the number of decayedyissing and filled teeth (DMFT) using data from the 2003 survey
considering 95% of precision (Confidence Interval of 95%) in each domain, a response rate of
80% and design effect equal of 2 to account for complex samlidgprobabilistic cluster-
sampling method was used the SBBrasil Project to obtain a representative sample of the
country, according to 32 domains, including the 26 state capitals, the Federal District and 5
domains of the interior municipalities of each macro-region. A two-stage samsadapted
in the state capitals and the Federal District. Thirty interior municipalities of the five macro-
regions were randomly selected through a three-stage process using the probability proportion-
to-size method. Sampling weights were calculated using the inverse probability equation and
incorporated into the dataset afterwards. The weights (w) were calculated for each primary
sampling unit of the sample. Further details of the sampling process are detailed eféewhere
Data collection and pilot study
Five hundred and seventy fieldwork teams collected the data through structured interviews and
clinical oral examinations. Each fieldwork team was composed by one dentist and one healthcare
worker (interviewer) from the Brazilian Public Health Care System. The interviewers untlerwe
40 hours of training before the fieldwork data collection in order to conduct standardised
interviews. Examiners also underwent 40 hours of clinical training before the clinical calibration
study. There were 10 teams in each state capital and the Federal District whereas thefnumber
fieldwork teams in the interior municipalities varied from two to six, depending on the size of the
city®. Pre-tested questionnaires were used to register demographic data, OHRQoL and
socioeconone position using Personal Digital Assistant equipments (PDA model P550) in
participant’s households. The head of the family provided the information of socioeconomic
position.

A pilot study was conducted in two state capitals before the main survealtate
questionnaires’ feasibility and understanding and to check the logistic procedures. In addition,
examiner’s consistency concerning clinical oral measurements was asse=susing the consensus
technique for standardizatith Dental examinations were performed by 570 calibrated dentists

who achieved Kappa coefficient equal or over 0.65 during the calibratior?%tudy



Measures

Oral health-related quality of life

OHRQoL was measured using the Oral Impacts on Daily Performance (OIDP) questionnaire
validated for the Brazilian populatidt**. The OIDP questionnaire assess the impact of oral
health status on daily life activities in the preceding 6 months according to nine items related to
the performances ofeating and enjoying food’; ‘speaking and pronouncing clearly’; ‘cleaning

teeth’; ‘sleeping and relaxing’; ‘smiling, laughing, and showing teeth without embarrassment’;
‘maintaining usual emotional state without being irritable’; ‘carrying out major work or social

role’; ‘enjoying contact with people’; and ‘doing sports’33. The participants were asked to inform
whether each activity was affected by their teeth (cqder hot (code 0). The OIDP severity

score was analyzed asdiscrete variable (OIDP extent) by counting the activities affected by
oral health, ranging from (ho impacj to 9 (impact in all activities)The Cronbach’s a a for the

OIDP in the 15-19 years-old age group was 0.78, 95% Confidence Interval (CI) 0.77-0.79.
Socioeconomic position and demographic data

Demographic data were age and sex. Socioeconomic position was assessed using monthly family
income which is considered a relevant measure for social stratification to reflect material
conditions in epidemiological studi@sMonthly family income was registered based on the
number of Brazilian minimum wages per family and recorded<&90 Brazilian reais (R$),
R$01-1500, R$15042500 and >R$2500. One Brazilian minimum wage was R$500 when the
study was conducted and one Brazilian real corresponded to 0.586 US dollars.

Oral clinical measures

All oral clinical measures collected from adolescents who participated in the Brazilian Oral
Health Survey (SBBrasil Project) were analy8e@hey included dental caries, missing teeth,
gingivitis, and malocclusion, and were collected according to the WHO guidelines for oral health
surveys2. Compaments “decayed” and “missing” teeth of the decayed, missing, and filled teeth

(DMFT) index were employed to assess the number of decayed and missing teeth. Component
“filled” was not considered in the present study since filled teeth does not represent a diagnosis

of a dental clinical condition or a measure of a current dental disease. Furthermore, there is no
sound evidence to suggest that treated teeth may affect OHRQoL and therefore this measure
should not be considered a biological factor according to Wilson and Cleary theoretical model.

Gingivitis was recorded using the component bleeding on probing of Community Periodontal



Index (CPI) The number of sextants with bleeding on probing for each sextant, ranging from 0
(no sextant with bleeding on probing) to 6 (all the 6 sextants with bleeding on probing), was
registered using a ball-end CPI prébérhe Dental Aesthetic Index (DAI) was used to assess
malocclusion. The DAI score is computed by multiplying each of the ten components (occlusal
traits) by their coefficients and then summing up the final score to a constant. Participants were
classified & no abnormality or minor malocclusion (score < 25), definite malocclusion (score

26-30), severe malocclusion (score-3%), and very severe or handicapping malocclusion
(score > 36)%2

Statistical analysis

Descriptive results are presented for the total sample and according to monthly family income
groups: “< R$ 1500 = low-family income” and “> R$ 1500 = high-family income”. Participants

from low and high family income groups were compared for continuous and categorical
variables using Mann-Whitney test and Pearson Chi-square test, respectively. Nonparametric
Spearman linear correlation was used to identify possible correlations between age, monthly
family income, dental caries, missing teeth, gingivitis, malocclusion and OIDP extent. Monthly
family income was analysed using the four categories in the correlation analysis. All other
analyses considered monthly family income as a dichotomous measure, nameRBHw500)

and high(‘“> R$ 1500) family income. The modification effect of socioeconomic position on the
association between each oral clinical measure and OHRQoL was assessed using Poisson
regression according to three statistical models as follows. Model 1, unadjusted association
between each oral clinical measure and OIDP extent. Model 2, Model 1 adjusted for age, sex and
monthly family income; and Model 3, Model 2 plus the interaction term “oral clinical measure X
monthly familyincome”. The statistical significance of interaction was tested using Likelihood
Ratio tests between Model 2 (without interaction term) and Model 3 (with interaction term).
Dental attendance was not included in the analysis since this variable was not statistically
associated with OIDP extent. The median of OIDP extent did not differ between the categories of
dental attendance variable (< 1 year, 1-2 years, > 2 years) (P > 0.05). Stratifysésatt@ough
multivariable Poisson regression was used to estimate rate ratios (RRs) and 95% CI between
each clinical oral measure and OHRQoL adjusted by age and sex according to different
socioeconomic position groups (low and high family income). Sample weights were used in the

analyses due to the complex sample of the survey.



The socieconomic position mediator effect of oral clinical measures and OHRQoL was
assessed according to Baron and Kenny criferi@ oral clinical measure should predict
OHRQoL, (ii) socioeconomic position should predict OHRQoL, (iii) oral clinical measure
should predict socioeconomic position, and (iv) controlling for socioeconomic position, the
association between oral clinical measure and OHRQoL should be reduced or no longer
significant. Perfect mediation is established if the association between oral clinical measure and
OHRQoL is reduced to zero. A series of structural equation models (SESIrawied out
considering the sample weights (STATA comméfgveight = ], nocapslatent”) to individually
examine the mediation effect of socioeconomic position for each of clinical oral measure
adjusted for sex and afjeThe Sobek test vasused to assess indirect effects of the mediation
models® Mediation was assessed by testing the significance of the indirect effects using the
bias-corrected bootstrap confidence intervals where multiple samples (n = 900) are randomly
drawn from the original sampfe This method produces in less biased estimates under
conditions of nonnormality. The bootstrap estimates and standard errors were estimated. SEM
models were considered of good fit according to Coefficient of determinantion and Standardised
Root Mean Square (SRMR) <0.08 critefitiriThe significance level for all analysis was 5%~P
0.05). All statistical analyses were conducted using STATA version 14.0 (Stata Corporation,
College Station, TX USA).

Ethical aspects. The project was approved by the Brazilian National Council of Ethics in
Research under protocol No 15498, in compliance with Brazilian National Health Council
Resolution 196/96. All procedures performed in studies involving human participants were in
accordance with the ethical standards of the national research committee and with the 1964
Helsinki declaration and its later amendments or comparable ethical standards. Written informed
consent was obtained froall individual participants aged 18 years and over or participants’

parents or guardians of those under 18 years of age included in the study.

RESULTS
The final sample comprised 5445 adolescents and younger adults (mean age = 16.84), 67.1% of
whom were from low-income families. Missing data on monthly family income, DMFT, and

DAI were identified in 320, 78 and 1046 participants, respectively. Thus, the analysed sample



comprised 5052 participantsr decayed teeth and missing teeth, 5445 participantgrigivitis
and 4168 for malocclusion with complete data for the investigated variables.

Descriptive characteristics of the sample according to family monthly income are
presented in Table 1. Most participants were females (51.7%), and the mean of decayed teeth,
missing teeth, the number of sextants with gingivitis were 1.71, 0.38 and 0.97, respectively. The
mean OIDP extent was 0.99 and the prevalence of one impact on OHRQoL was 39.4%. The
most prevalent performances affected by orallth status was ‘eating’ (20.8%), followed by
‘cleaning teeth’ (16.2%) and ‘emotional state’ (14.8%). The least affected performances were
‘sports’ (4.4%) and ‘social role’ (4.6%). Demographic and dental clinical characteristics of
adolescents significantly differed between family income groups (Table 1). Female adolescents
were more common in the lower income group. The mean OIDP extent, the overall OIDP
prevalence and the prevalence of the oral impacts on cleaning, smiling, emotional state, social
contact and sports were higher for adolescents with low family income (Table 1).

Spearman correlation was used to identify possible correlations between age, monthly
family income, number of decayed teeth, number of missing teeth, number of sextants with
gingivitis, DAI score (malocclusion) and OIDP extent (Table 2). Higher age (rho = 0.036), low
monthly family income (rho= -0.126), number of decayed teeth (rho = 0.254), number of
missing teeth (rho = 0.152), number of sextants with gingivitis (rho = 0.221) and DAI score
(maloclussion) (rho = 0.168) were found to be significantly correlated with greater number of
oral impacts (P < 0.05). Greater age (rho = 0.047) and high monthly family incosnalsea
correlated (P < 0.05).

The non-adjusted and adjusted analysis on the association between each oral clinical
measure and the number of oral impacts is shown in Table 3. In the first models, decayed teeth,
missing teeth, gingivitis, and malocclusion were statistically associated with OIDP extent (P
0.001). In the second models, the association between each oral clinical measure and OIDP
extent was adjusted for age, sex, and monthly family income. All oral clinical measures
remained statistically associated with OIDP extent(P.001). The final models (models 3)
tested the moderator effect of monthly family income on the association between each oral
clinical measure and OHRQoL through incorporating the interaction term between the oral
clinical measure and monthly family income. The interaction term and the independent variables

were significantly related to OIDP extent for each oral clinical measure.



Table 4reports the adjusted Poisson regression on the association of decayed teeth,
missing teeth, gingivitis and malocclusion with OIDP extent, stratified by monthly family
income. Adolescents with worst clinical measures were more likely to have higher mean of
OIDP extent in both family income strata. However, the impact of the investigated oral clinical
conditions on adolescentguality of life was lower in the low family income groups than those
who were better off. Each additional tooth with caries was associated with an estimated 8%
increase in the mean number of impacts in the low-income group and 14% increase in the high-
income group. The na@ number of oral impacts increased by 11% and 18% for each additional
missing tooth in the low and high-income groups, respectively. Number of sextants with
gingivitis increased the likelihood of higher mean of humber of impacts in adolescents by 16%
and 25% in the low and high-income groups. Adolescents with a greater DAI score were 42%
and 94% more likely to have a higher mean of OIDP extent compared to those with normal
occlusion in the high and low-income groups.

The structural equation modelling assessed the mediating effect of family income
(mediator) between each oral clinical measure and OHRQoL (Table 5). Fit indices were
SRMR=0.030 for decayed teeth model; SRMR=0.031 for missing teeth model, SRMR=0.030 for
gingivitis model and SRMR=0.038 for malocclusion model. Poor oral clinical measures were
significantly associated with increase in OIDP extent: decayed teeth, B = 0.241 (P < 0.001);
missing teeth, p = 0.261 (P < 0.00% gingivitis, p = 0.197 (P < 0.00};, and malocclusion, B =
0.165 (P < 0.001). When mediation was controlled, oral clinical measures were associated with
OIDP extent: decayed teeth, B = 0.223 (P < 0.00t missing teeth, § = 0.257 (P < 0.001);
gingivitis, p = 0.189 (P < 0.00%t and malocclusion, = 0.145 (P < 0.001) (Table 5). The Sobel
test indicated that socioeconomic position's role as a mediator of oral clinical mea$i@w on
OHQoL was significant (decayed teeth, z = 4P4«< 0.001; missing teeth, z = 4.60,< 0.001;
gingivitis, z = 4.64P < 0.001; malocclusion, z = 4.18,< 0.001). Since the four criteria were
met and the standardized beta coefficient was reduced from 0.241 (without mediation) to 0.223
(with mediation controlled) for decayed teeth; from 0.261 to 0.257 for missing teeth; from 0.197
to 0.189 for gingivitis; and from 0.165 to 0.145 for malocclusion, this is evidence for a partial
mediation effect of socioeconomic position between all oral clinical measures and OHRQoL.
Thus, the effect of poor oral clinical conditions on OHRQoL was partially mediated by family

income. The indirect effect of family income on the clinical measures-quality of life pathway



was 0018 for decayed teeth (‘without mediation’ minus ‘with mediation’), 0.004 for missing

teeth, 0.008 for gingivitis, and 0.020 for malocclusion. This suggests that &baittiie effect

of decayed teeth on quality of life went through the mediator (socioeconomic position) and 93%
(0.223/24) of the effect was direct. Similarly, 98% (0.257/0.261) of the effect of missing teeth,
96% of the effect of gingivitis (0.189/0.197), and 88% of the effect of malocclusion
(0.145/0.165) on OHRQoL was direct, and 2%, 4% an®% &nt through family income,
respectively.

DISCUSSION

Our findings support the hypotheses that decayed teeth, missing teeth, gingivitis and
malocclusion, are associated with poor OHRQoL in individuals aged 15-19 years. The results
further uphold the hypotheses that the negative effects of worst oral clinical conditions on
OHRQoL among adolescents are influenced by socioeconomic context. The influence of oral
clinical conditions on OHRQoL is more intense in the high socioeconomic group. In addition,
the effect of worst oral conditions on quality of life was partially mediated by socioeconomic
position. These findings are consistent with the clinical oral measures investigated. To our
knowledge, this is the first study to explore the mediation and moderation of socioeconomic
position influences on the relationship between oral clinical conditions and OHRQoL in
adolescents.

The result of the association between oral clinical conditions and OHRQoL is consistent
with previous research in childieh'912141522 gqolescentst132021.23 gnd adults'®® For
example, Foster Page reported a direct relationship between malocclusion and poor OHRQoL in
adolescents, and that OHRQoL was indirectly predicted by dental caries expériémce
addition, more decayed and missing teeth directly predidt®d adolescent’s OHRQoL
functional stats The other two previous studies involving oral clinical conditions and
OHRQoL in adolescents also used the data from the Brazilian Oral Health Sé?vaithough
these studies have distinct objectives and adopted different statistical approaches, their findings
also reported that untreated dental caries, missing teeth, gingimdismalocclusion were
associated with poor OHRQ®&1?°. Other studies did not find poor oral health to be associated

with OHRQoL in childref**2and adolesceritsThe lack of association between oral clinical



conditions and OHRQolmight be related to the low levels of oral diseases in the studied
samples, the statistical power of the studies or the low discriminative ability of the OHRQoL
instruments used.

OHRQoL has been associated with individual and environmental fa¢to@f them,
socioeconomic position has been investigated as a relevant predictor since previous research
consistently repost the link between low socioeconomic status and poor OHRQoL in
children®>16 adolescents®2% and adult§!®1® Socioeconomic position has been assessed as a
predictor of OHRQoL according to Wilson and Cleary méaaid tested through Structural
Equation Modelling®*'°® as independent associated factor of OHRQoL using regression
analysid®'213®and as confounder on the relationship between contextual determinants and
OHRQoL assessed by multilevel modelfih. However, other studies on OHRQoL have not
assessegarticipant’s or their family’s social status®!114223 The present study indicates the
role of environmental conditions in studies investigating the predictors of OHRQoL is not simple
since family income was both moderator and mediator of the relationship between oral clinical
measures and OHRQoL. The findings provide new insights and suggest that socioeconomic
position may influence the extent and nature of the relationship between oral clinical measures
and OHRQoL in adolescents.

The association between poor oral health and OHRQoL was consistently stronger in the
high-income group when different oral clinical measures were tested. This finding was
somewhat unexpected since there is a vast literature on the inverse relationship of socioeconomic
status with oral health and OHRQ®110131516.184 There are possible explanations for these
findings. Adolescents from disadvantaged families, despite their poor oral health, may have not
been attending dental services regularly as a consequence of low educational level and low
health literac§**. As a consequence, they tend to be less aware of their oral problems and are
less likely to perceive their oral condition as an issue for their OHRQoL than those from better-
off families whese dental attendance is more frequéfft Socioeconomic position deappear
to mediate the pathway from dental clinical measures and OHRQoL, even though dental clinical
measures have stronger direct effects on OHRQoL.

The findings of the present studhye important implications for dental care services,
oral health promotion and public policies. Nonetheless, they should be interpreted taking into

account the structure and organisation of the national health care system and the high levels of



social inequalities ilBrazil. Our results point out that the provision of oral health care aiming to
improveadolescent’s dental clinical status and OHRQoL should consider the high levels of oral
health inequalities and the large variations of income inequality between cities existing in the
country'®, For instance, regions and cities with high levels of social inequalities and therefore
with poor population’s oral health may experience a lower or similar demand for dental care
services than those with low levels of oral digsaghis is because the considerable variation in

oral health care needs between cities maybe due to socioeconomic discrepancies rather than oral
diseases disparities. However, this may be a fallacy resulting from the moderating effect of
socioeconomic status between dental clinical status and OHRQoL since the latter is a reliable
measure of oral health neé#¥ Improving access to primary dental care and oral health
promotion actions to underprivileged population groups can reduce the social inequalities related
to oral health disparities across socioeconomic groups. Nonetheless, the limitations of primary
and secondary dental services availability in explaining dental treatment needs in Brazil has been
acknowledget?. Adolescents living in deprived areas and those from low-income families are
more likely to engage in damaging oral health-related behaviours (eg. smoking, poor diet), which
reinforces the importance of the social environment on shaping the oral health of the population.
Thus, inter-sectoral public policies through collaborative efforts involving public health
professionals and researchers, policy makers, practitioners, and the public are required to reduce
oral health inequalities and therefore enhamédescent’s oral health status and OHRQoL at
population level.

Adolescents from wealthy families might notice a worst emotional state and face more
social interaction problems due to dental aesthetic concerns which in turn result in poorer
OHRQoL. This suggests that there may be other individual and environmental aspects that are
also important mediators and/or moderators of the relationship between oral clinical conditions
and OHRQoL. For example, psychological characteristics, including mental health, self-esteem
propensity to somatisation and perceptions of body image mediated the effect of decayed,
missing, or filled surfaces on OHRQoL in adolescEnts addition, other psychological factors
such as sense of coherence, self esteem, dental coping beliefs and dental anxiety were directly
and/or indirectly linked to OHRQGI®!S The mediating and/or moderating effect of
psychological characteristics on the influence of physical health on health-related ojfulsigy

(HRQoL) was reported. Parent depressive symptoms and family structure moderated the effect



of body mass index (BMI) on children’s HRQoL*%. Body image and self-esteem mediated the
relationship between BMI and HRQoL in adolescEnt$uture research should examine
psychological variables as moderators and mediators of the effects of clinical oral measures on
OHRQoL.

Some limitations must be acknowledged. Hrstdemographic and socioeconomic
characteristics, oral clinical measures and OHRQoL were obtained using a cross-sectional
design, which limits possible causal inference. Secondly, OIDP questionnaire is considered a
distinct OHRQoL instrument that evaluates ultimate functional impacts on the ability to perform
physical, psychological and social actigi#. Thus, although OIDP considers relevant aspects of
anindividual’s performance influenced by oral conditions, the discriminative ability of OIDP is
subject to criticism. Thirdly, monthly income was not equivalised to adjust for the number of
people in the household. Fourthly, oral health-related behaviours and dental insurance were not
considered in the analyses since these variables were not collect in the Brazilian Oral Health
Survey. Finally, our results cannot be generalized to adolescents from other age groups.

Our results suggest that socioeconomic position influences the strength and partially
explain the impact of different oral conditions on OHRQoL in adolescents. The reduction of
social inequalities and narrowing of income differentials seems particularly relevant to improve
oral conditions and OHRQoL as well as to reduce the oral health gap between socioeconomic
groups. Oral health policies and dental care planning could be more effective in the prevention
and reduction of oral diseases and to improve OHRQoL through intersectoral actions aiming to

alleviate social inequalities.
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Table 1. Demographic and socioeconomic characteristics, oral clinical measures andlOHRQ

(OIDP); comparisons between family income groups.

.
Total Family monthly income P
(N=5445) Low High
(N=3735) (N=1710)
Age (years). mean (SE)§ 16.86 (0.05) 16.83 (0.05) 16.91 (0.10) 0.002%
Sex, %T
Female 51.7 56.1 428 <0.001%*
Male 48.3 43.9 57.2
Number of decayed teeth, mean 1.71(0.12) 2.12(0.13) 0.87 (0.10) <0.001%
(SE)§
Number of missing teeth, mean (SE)$ 0.38 (0.04) 0.40 (0.04) 0.33(0.11) <0.001*
GingivitisT, mean (SE)} 0.97 (0.08) 1.10 (0.10) 0.73 (0.10) <0.001%*
Malocclusion?, mean (SE)§ 23.95(0.37) 24.89 (0.45) 21.98(0.51) <0.001%
OIDP
OIDP Extent¥, mean (SE)? 0.99 (0.06) 1.15 (0.08) 0.66 (0.09)  <0.001%
Prevalence (OIDP=>1), % 39.6 443 30.1 0.001*
Eating, %1 20.8 22.7 16.9 0.102
Speaking, %7 6.2 6.6 5.3 0.395
Cleaning, %1 16.2 19.5 9.4 <0.001%*
Sleeping, %7 11.4 12.8 8.7 0.091
Smiling, %" 13.0 15.0 9.1 0.009*
Emotional state, %1 14.8 18.5 7.1 <0.001*
Social role, % 4.6 54 3.0 0.054
Social contact, %67 7.6 9.5 3.7 <0.001*
Doing sports, % 4.4 54 2.4 0.012%

¥ Oral Impacts on Daily Performance (OIDP) extent; number of oral impacts, ranging from 0

(no impact) to 9 (impact in all activities)

*Compared between family income groups; P < 0.05 is considered significant
+ Number of sextants with bleeding on probing

1 DAI score
§Mann-Whitney test
YPearson Chi-square test



Table 2. Correlation matrix (Spearman coefficient) between age, family monthly income, dental
caries, missing teeth, gingivitis, malocclusion and OIDP extent*.

OIDP* Family monthly income
Age 0.036 (p = 0.009)* 0.047 (p=0.001)*
Family monthly income’ -0.126 (p < 0.001)* 1
Number of decayed teeth 0.254 (p < 0.001)* -0.250 (p < 0.001)*
Number of missing teeth 0.152 (p <0.001)* -0.130 (p < 0.001)*
Gingivitis* 0.221 (»p <0.001)* -0.093 (»p <0.001)*
Malocclusion$ 0.168 (p <0.001)* -0.084 (p < 0.001)*

* P <0.05 is considered significant

¥Oral Impacts on Daily Performance (OIDP) extent: number of oral impacts, ranging from 0 (no
impact) to 9 (impact in all activities)

tFamily monthly income categories: < R$ 500, R$ 501-1500, R$ 1501-2500 and > RS 2500

INumber of sextants with bleeding on probing
§ DAI score



Table 3. Multivariate Poiszon regression on the associations of decayed teeth, number of missing

teeth, gingivitis and malocclusion with OIDPE.

Model 1
B (SE)

Model 2
P (SE)

Model 3
F (SE)

Mumber of decaved teeth

Age

Sex (ref: male)

Family monthly income (ref: % >1300)7
Decayed teeth x Family monthly income
Likelihood ratio'

ADIf=37 18, df=3 (yatest, P < 0.001)%*

Number of missing teeth

Age

Sex (ref: male)

Family monthly income (ref: B$ =13000F
Missing teeth x Family monthly incotme
Likelihood ratic'

ADif=10.73, df=3 (y2test, P = 0.0300*

Gingivitist

Age

Sex (ref: male)

Family monthly income (ref: B$ Z15000f
Gingivitis x Family monthly income
Likelihood raticf

ADif=17 .38, df=3 (y2test, P = 0.002)%

Malocclusion§

Age

Sex (ref: male)

Family monthly income (ref: B$ =1500%F
Malocclusion x family monthly income
Likelihood raticf

ADif=15.24 df=3 (yatest, P = 0.004)%

0.096 (0.006)%*

0.115 (0.019)*

0.171 (0.011)**

0.444 (0.052)**

0.089 (0.006)**
0.061 (0.017)**
0.274 (0.051)%*
0.366 (0.059)**

905.46

0.107 (0.019)%*
0.045 (0.017)
0.257 (0.051)**
0.456 (0.060)**

3532.02

0.162 (0.011)**
0.064 (0.017)**
0.261 (0.050)**
0.427 (0.059)**

790.13
0.417 (0.057)**
0.069 (0.019)%*
0.259 (0.058)**
0.413 (0.067)**

383.87

0.127 (0.016)**

0.064 (0.017)**

0.277 (0.050)**

0.483 (0.066)**

-0.046 (0.017)*
042 64

0.163 (0.021)**
0.047 (0.017)
0.255 (0.051)**
0.489 (0.061)**
-0.008 (0.002)*
562.75

0.221 (0.024)**
0.064 (0.017)**
0.260 (0.050)**
0.332 (0.071)**
-0.074 (0.027)*
807.53

0.666 (0.117)**
0.069 (0.019)**
0.263 (0.038)**
0.551 (0.090)**
-0.318 (0.133)*
399.11

Model 1: Unadjusted

Model 2: adjusted for age, sex and family monthly income

Model 3: model 2 + interaction term (clinical oral meazure X family monthly mncome)

* P<0.05 and **P < 0.001 are considered significant
£0ral Impacts on Daily Performance (OIDP) extent: number of oral impacts, ranging from 0 (no

impact) to 9 (impact in all activities)

TFamily monthly income categories: = R$ 1500 and > RS 1500
INumber of sextants with bleeding on probing

& DAT score



|
Table 4. Adjusted Poisson regression models on the associations of decayed teeth, number of

missing teeth, gingivitis and malocclusion and OIDPZ stratified by socioeconomic position.

B SE RR¥ 95% CI

Number of decayed teeth

Low family monthly income 0.080%* 0.006 1.08 1.07-1.10

High family monthly income 0.127%* 0.015 .14 1.10-1.17
Number of missing teeth

Low family monthly income 0.104%** 0.018 L.11 1.07-1.23

High family monthly income 0.163** 0.021 1.18  1.13-1.23
Gingivitist

Low family monthly income 0.147%* 0.013 l.16  1.13-1.19

High family monthly income 0.221** 0.024 1.25 1.19-1.31
Malocclusion?

Low family monthly income 0.348% 0.064 142  1.25-1.61

High family monthly income 0.662%* 0.118 1.94 1.54-2.44

* P<0.05 and **P < 0.001 are considered significant

¥Oral Impacts on Daily Performance (OIDP) extent: number of oral impacts, ranging from 0 (no
impact) to 9 (impact in all activities)

+TRR: Rate ratio

fNumber of sextants with bleeding on probing

§DALI score

All analyses were controlled for age and sex



Table 5. Structural Equation Modelling for the effects of socioeconomic position on the oral

clinical measures-OHRQoL relationship.

BT Bootstrap Bias-corrected P-value
SE? 95% CI§
Decayed teeth
Decayed teeth - OHRQoL 0.241 0.028 0.186,0.296 <0.001%
Socioeconomic position - OHRQoL -0.094 0.028 -0.148, -0.040 0.001%*
Decayed teeth - Socioeconomic position -0.197 0.022 -0.240, -0.154 <0.001*
Decayed teeth - OHRQoL/Socioeconomic position  0.223 0.029 0.167,0.279 <0.001%
Missing teeth
Missing teeth — OHRQoL 0.261 0.067 0.130,0.391 <0.001%*
Socioeconomic position - OHRQoL -0.130 0.026 -0.181, -0.080 <0.001*
Missing teeth - Socioeconomic position -0.031 0.042 -0.114, 0.053 0.472
Missing teeth - OHRQoL/Socioeconomic position 0.257 0.071 0.119,0.396 <0.001%*
Gingivitis
Gingivitis — OHRQoL 0.197 0.031 0.137,0.258 <0.001%
Socioeconomic position - OHRQoL -0.114 0.028 -0.168, -0.060 <0.001%*
Gingivitis - Socioeconomic position -0.113 0.028 -0.167, -0.059 <0.001%*
Gingivitis - OHRQoL/Socioeconomic position 0.189 0.031 0.127,0.250 <0.001%*
Malocclusion
Malocclusion — OHRQoL 0.165 0.031 0.105,0.225 <0.001*
Socioeconomic position - OHRQoL -0.123 0.024 -0.170, -0.075 <0.001%*
Malocclusion - Socioeconomic position -0.159 0.030 -0.119, -0.059 <0.001*
Malocclusion - OHRQoL/Socioeconomic position 0.145 0.031 0.085, 0.206  <0.001%*

* P < 0.05 is considered significant

+p = bootstrapped standardized estimate
1SE = standard error

§CI = confidence interval.



