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Abstract

Itis important to identify groups of people vulnerable to a disease condition. Aim: To determine the
association between social vulnerability to caries and caries status of children in lle-Ife, Nigeria.
Methods: A composite vulnerability index for caries was developed using data generated for 992
children. Wilks’ Lambda test to verify relationship between vulnerability and its variables. Logistic
regression analysis was conducted to determine if the social vulnerability for caries index was a
good predictor for caries status. Results: The social vulnerability to caries index could not predict
caries status. The study found that sex, age and number of siblings were the significant predictors
of caries status in the study population. Females (AOR: 1.63; 95%Cl: 1.08 - 2.46; p=0.02) and
children with more than two siblings had higher odds of having caries (AOR: 2.61; 95%Cl: 1.61 -
4.24; p<0.001) while children below 5 years had lower odds of having caries (AOR: 0.62; 95%Cl:
0.39 - 1.00; p=0.05) Conclusions: The social vulnerability index for caries could not predict the
caries status of children in the study population. Sensitive tools to identify children with caries in
the study population should be developed.
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Introduction

Vulnerability is by definition a measure of possible future harm’. It is the ability
to anticipate, resist, cope with and respond to a hazard? and the intrinsic predisposition
of an individual or a collective to be susceptible to damage when exposed to a hazard?.
It has been studied in the context of physical and social vulnerabilities. Physical
vulnerability takes into consideration the risk of exposure to natural disasters while
social vulnerability studies the impact of social inequalities*>.

Social vulnerability is a multifaceted concept often defined as the entirety of the
social deficits faced by patients, including social and environmental inequalities and
deprivation, which affect their social cohesion and capacity to respond to situations of
social risk6. It is associated with the health/disease process and encompasses various
individual dimensions linked to exposure to risk factors and threats®’. It includes
consideration of access to food, public health services and the ability to actively
respond to risks®. Understanding social vulnerability helps to identify and understand
which group of people may be more sensitive and susceptible to a disease condition
and why’. Understanding this will help governments respond appropriately to the
needs of vulnerable populations by promoting targeted interventions and strategies,
and increase future social capacity and resilience’.

Vulnerability increases risk for diseases and other stressors for individuals who
live especially in conditions of poverty. Poverty reduces people’s ability to cope
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with, recover from, or adapt to external stresses that affect
their livelihood and well-being'’. Data on social vulnerability
assessments are the guide for government and international
agencies in efforts to reduce individual and community
vulnerability to disease and other stressors, and to strengthen
the coping mechanisms'”.

Methods and indicators for assessing vulnerability vary
depending on the research or policy context®. Several indices
to characterize social vulnerability to various issues at different
spatial scales were developed over the past decade!'"'3. Some of
the variables in indices used for measuring social vulnerability
include residential area'* socioeconomic status’, educational
status' and financial status'®. These same measures had been
used over the years to assess the vulnerability of individuals
and communities to diseases, as they reflect how the material
reality of life increases the predisposition to poor nutrition'” and
serves as barrier to access health services, due to the cost of
medical care and distance to facilities'>!¥, among other things.

Numerous studies that examined the associations between
socio-demographic, economic and individual factors such as
race', ethnicity?, socioeconomic status?!, oral health literacy?
and compliance®, and oral health outcomes. The outcomes
of these measurements are complex with many of the studies
conducted in developed countries. The studies on vulnerability
to health has a relatively brief history in low- and middle-income
countries. Publication of the findings of such research just started
to appear in the late 20th century?.

Studies on social vulnerability to oral health are less
common, especially from developing nations like Nigeria.
The few direct studies on social vulnerability to oral diseases
explore social vulnerability of adults to oral diseases'*** and
fewer studies examined social vulnerability of children to oral
diseases>.

No studies were identified measuring the social vulnerability
of children from an African country to oral diseases, when a
Pubmed and Google scholar search was made for this study. In
view of the need to determine the vulnerability of individuals and
populations to diseases as an important public health response,
this study aimed to develop an index for social vulnerability
to caries for children in Ile-Ife, Nigeria; and to determine the
association between the social vulnerability to caries and the
actual caries status of children in the study location.

Material and methods

This was an analysis of secondary data generated by a
household survey. Part of the study was reported by Kolawole et
al.?? and Folayan et al.’’. The study recruited 992 children aged 1-12
years for assessing the association between digit-sucking and caries.

Data were obtained by a questionnaire administered by
experienced field workers who had been engaged in past national
surveys and trained on the study protocol.

The interviewers collected all information from respondents and
submitted to survey supervisors who reviewed the questionnaires.
Mothers were requested to respond on behalf of children below eight
years, based on evidence that responses of mothers on questionnaires
have a higher correlation with children’s response®. Where the
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mother was unavailable, fathers completed the questionnaires. The
socio-demographic characteristics were obtained for each child.
Information from the interview included number of siblings, age
at last birthday, gender, socioeconomic status, maternal level of
knowledge on caries prevention practices and number of meals
eaten per day as proxy measure for wealth status®.

Study location: The study was conducted in Ife Central Local
Government of Ile-Ife, a sub-urban town in Southwestern Nigeria.
According to the 2004 National Population Census, the population
of the Local Government Area (LGA) was 138,818, with about
14,000 (10%) children among them. The study site also hosted oral
health clinics, thereby making it possible to refer for oral health
care pupils screened with lesions.

Sample Size Determination: The sample size was calculated
using Leslie Fischer’s formula®* for study population >10,000.
Based on a prevalence of 34.1% of oral habits in children aged four
to 15 years old, determined by Quashie-Williams et al.?3, a sample
size of 1,011 children was required to identify 345 children with
oral habits, with a non-response rate of about 10%.

Sampling Technique: The sampling procedure was a three-
level multi-stage cluster sampling aimed at selecting eligible
persons with known probability. Stage 1 involved the random
selection of enumeration areas within the LGA; at the sites, every
third household on each street was chosen. Stage 2 involved listing
eligible individuals within households. Stage 3 involved selection
of actual respondents for interview. Only children present in the
house at the time of the study were eligible to participate in the
study. In the chosen houses only one child was selected. Details
of this sampling technique were reported by Kolawole et al.?* and
Folayan et al.*” in an earlier publication from this same database.

Clinical examination: Oral examination was conducted at the
homes of all participants to determine the presence of caries and oral
hygiene status. The children were examined seated, under natural
light, using sterile dental mirrors and probes by trained dentists;
radiographs were not used in the study. The teeth were examined
wet and debris removed with gauze where present.

Diagnosis of caries: Caries was diagnosed using the World
Health Oral Health Survey recommendations®. Each tooth was
examined for dental caries using a plane mouth mirror, using
natural light while the child was seated on a chair. Caries status
was assessed using the Decayed Missing and Filled (dmft/DMFT)
index. A decayed (d/D) tooth was defined as any which crown had
an unmistakable cavitation on pits or fissures, or on a tooth surface
or a filled crown with decay, when it had one or more permanent
restorations that were decayed. The f/F was defined as a filled crown
with no decay, when it had one or more permanent restorations, and
there were no caries anywhere on the crown. The m/M was defined
as a tooth missing due to caries; when a tooth had been extracted
due to caries. To arrive at a dmft/DMFT score for an individual
patient’s mouth, three values had to be determined: the number
of teeth with carious lesions, the number of extracted teeth due to
caries and the number of teeth with fillings or crowns®. The number
of teeth was then summed to give the dmft/DMFT score for the
permanent dentition. For the purpose of analysis, caries status was
further divided into present or absent caries.

Social Vulnerability to Caries Scale: This study adapted the
method by Tirapanildos et al.* to develop a scale that assessed
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the social vulnerability of study participants to caries. Social
vulnerability to caries was defined according to the results of factor
analysis, cluster analysis, and discriminant analysis conducted
using individual and social caries-predictive variables for the study
participants in the study area from six variables. The six candidate
variables for the vulnerability scale were gender of the child,
maternal knowledge of caries prevention, socioeconomic category
of the child, child’s age, number of siblings the child had and the
number of meals the child had per day. These variables were the
social factors associated with the risk of caries in children in the
study by prior studies. They include child’s age, sex, socioeconomic
status, number of siblings and maternal knowledge of oral health:
younger children??’, women®*°, those with lower socioeconomic
status®, children with mothers who had poor knowledge of oral
health®, and children with more siblings®” had higher risk for caries.
We also included number of meals per day as a proxy measure for
poverty® in view of evidences that showed a strong association
between poverty and health outcomes*“°.

A score for maternal knowledge of oral health was created
by summing up 8 items that assessed maternal knowledge. The
questions asked if the respondents agreed or disagreed with the
following statements: “Fluoridation of drinking water is an effective,
safe and efficient way to prevent holes from forming on the teeth’;
‘Use of fluoride-containing toothpaste is an effective, safe and
efficient way to prevent holes from forming on the teeth’; ‘The
number of times you eat sugar containing food has a great role in
producing holes in the teeth’; ‘Fissure sealant is effective in the
prevention of holes developing in newly erupted molars’; ‘Rinsing
teeth with a lower amount of water after tooth-brushing reduces
the risk of caries’, ‘Using fluoride toothpaste is more important
than the brushing per se for preventing holes from forming on the
teeth’, ‘Brushing twice daily with fluoride containing toothpaste is
effective for preventing holes from developing in the teeth’; and
‘It is important to visit the dental clinic regularly as a measure for
preventing holes from forming in the teeth’. The ensuing score
was dichotomized into poor and good knowledge using K means
cluster analysis.

A correlation matrix of the six candidate variables for the
vulnerability scale showed that the highest correlation coefficient
between any pair of variables was 0.317, between number of siblings
and child’s age group; this correlation was statistically significant
(p<0.001). Therefore, the variable for number of siblings was
dropped from the scale because the age of the child was considered
amore important variable for assessing social vulnerability to caries.
The five remaining items for the social vulnerability to caries scale
were subjected to factor analysis. Assessment of suitability of the
data for factor analysis showed that the Kaiser-Meyer-Oklin value
was 0.51, exceeding the recommended value of 0.5 and the Barlett’s
Test of Sphericity41 reached statistical significance, supporting
the factorability of the correlation matrix. Factor analysis using
principal components showed the five items could be grouped into
two factors with Eigen-value exceeding 1 and explaining 23.1%
and 22.1% of the variance respectively. It was decided to retain
both factors (Table 1).

The five items were joined to give the social vulnerability to
caries score and cluster analysis. The K means was used to create
a binary variable for caries vulnerability dividing the score into

vulnerable and non-vulnerable categories. Discriminant analysis
was used to validate the grouping created by K means cluster
analysis. A model that allowed for classification of all patients into
vulnerable and non-vulnerable groups was developed and validated
using the Wilks” Lambda test. The test indicated that the model was
appropriate for the study population: among 992 children, 100%
were classified correctly by the proposed model, indicating that
the proposed allocation process would ensure correct classification
(Tables 2 and 3).

Table 1 - Results of factor analysis.

Validation of factor analysis % of variability

KMO 0.51 231

Bartlett test 28.85 221

p-value <0.001

Factor loadings (rotated)* Factor 1 Factor 2
Individual factor ~ Household factor

Socio economic status 0.61

Child’s age group 0.61

Child’s gender -0.59

Average number of meals per day 0.73

Maternal knowledge of caries 0.69

*Considered values >+0.40 or <-0.40 for better understanding

Table 2 - Results of cluster analysis using data of 992 study
participants in Ile-Ife.

Group Number Percentage Percentage valid
Vulnerable 684 69.0% 70.7%
Non-vulnerable 283 28.5% 29.3%

Omitted from the study 25 2.5% -

Total 992 100.0 100.0

Table 3 - Results of discriminant analysis using data of 992 study
participants in Ile-Ife.

Group Number Percentage
Vulnerable 684 70.7%
Non-vulnerable 283 29.3%
Total 967 100.0%

Standardization of clinical examiners: The clinical
investigators were qualified dentists undergoing postgraduate
residency training as Paedodontists or Orthodontists who were
calibrated on the study protocol and the WHO criteria for caries
diagnosis, including the dmft/DMFT index and OHI-S. Training
was followed by practice on patients; each investigator examined
and scored children for oral lesions as prescribed in the study
protocol. Results were subjected to a Cohen’s weighted Kappa
score analysis to determine intra- and inter-examiner variability.
The intra-examiner variability ranged between 0.89 - 0.94,
while inter-examiner variability ranged between 0.82 — 0.90
for caries detection.

Data analysis: The profile of study participants was reported
by vulnerability classification. Bivariate analysis was conducted to
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test the association between dependent variables (presence of caries
and severity of caries measured by the dmft/DMFT score) and
the independent variables (socially vulnerable and non-vulnerable
groups for caries). Where appropriate, chi square tests were
conducted. Multivariate logistic regression was used for inferential
analysis. The logistic regression model included only variables
whose p values were < 0.4 and entered into the subsequent models.
The estimated coefficients were expressed as odds ratios (ORs)
and their 95% confidence intervals were also calculated. Statistical
analysis was conducted with STATA software (version 11) for the
logistic regression. Statistical significance was fixed at p<0.05.
Ethical considerations: Ethical approval was obtained from
the Ethics and Research Committee of the Obafemi Awolowo
University Teaching Hospital Complex Ile-Ife (ERC/2013/07/14).
Approval to conduct the study was obtained from the Local
Government Authority. The study was conducted in full compliance
with the study protocol. Written informed consent was obtained
from the parents of study participants after duly explaining study

objectives, risks and benefits, voluntary nature of participation
and freedom to withdraw at any time. All children aged eight to
12 years also provided written assent. Efforts to minimize risks
such as loss of confidentiality and discomfort to participants
were made. All data were collected without the identifier (names
and addresses) of participants. Participants experienced no direct
benefit and no compensation was paid, however they were given
token gifts of stationery or a small tube of toothpaste. None of
the gifts exceeded $0.50.

Results

Table 4 shows the outcome of the association between social
vulnerability, the dmft/DMFT and presence of caries. There was no
significant association found between the social vulnerability for
caries and the dmft (p=0.64), the DMFT (p=0.78), a combination
of dmft and DMFT (p = 0.28) and the dental caries status (p=0.53).

Table 4 - Social Vulnerability, dmft, DMFT and presence of caries.

Social vulnerability

Chi square test

. Fisher's exact
Variables Non-vulnerable (n=684) Vulnerable (n=283)
Freq Freq %
dmft
0 611 89.3 258 91.2
1 31 45 8 2.8
2 27 39 8 28
3 6 0.9 4 14 0 =0.64
4 3 04 2 0.7
5 2 0.3 2 0.7
6 1 0.1 1 0.4
8 2 0.3 0 0.0
9 1 0.1 0 0.0
DMFT
0 666 97.4 276 97.5
1 1" 1.6 4 14
2 4 0.6 1 0.4 p=0.78
3 0 0.0 1 0.4
4 2 0.3 1 04
9 1 0.1 0 0.0
Dmft + DMFT
0 602 88.0 253 89.4
1 33 48 1 39
2 30 44 7 25
3 8 1.2 4 14
4 4 0.6 5 1.8 p=0.28
5 2 0.3 2 0.7
6 0 0.0 1 0.4
7 1 0.1 0 0.0
8 3 04 0 0.0
18 1 0.1 0 0.0
Dental caries
No caries 602 88.0 253 89.4
In primary dentition 64 94 23 8.1 p=0.53
In permanent dentition 10 1.5 6 21
In primary and permanent dentition 8 1.2 1 0.4
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Table S - Frequency distribution and results of logistic regression analysis for predictors of caries status in

a sample of 992 children.

. Caries absent Caries present
Variables Frequency (%) Frequency (%) OR p-value AOR p-value
Gender
Male 462 (52.7) 46 (39.7) 1 - 1
Female 414 (47.3) 70 (60.3) 170 (1.14-252)  0.009 1.63(1.08-2.46) 0.02
Maternal knowledge of
caries prevention
Good 506 (57.8) 68 (58.6 1 -
Poor 370 (42.2) 48 (41.4) 0.96 (0.65-1.43) 0.86
Socioeconomic Status
High 281 (32.1) 41(35.7) 1 -
Low/moderate 595 (67.9) 74 (64.3) 0.85(0,57-1.28) 044
Age
5 years 512 (58.4) 89 (76.7 1 - 1
Under 5 years 364 (41.6) 27 (233 043(0.27-0.67) <0.001 0.62(0.39-1.00) 0.05
Number of Siblings
20r less 414 (47.5) 26 (22.8) 1 - 1
More than 2 458 (52.5) 88 (77.2) 3.05(1.93-4.83) <0.001 2.61(1.61-4.24) <0.001
Number of Meals Per Day
20rless 844 (98.7) 110 (97.3) 1 - 1
More than 2 1(1.3) 3(27) 2.09(057-7.62) 0.26 249 (0.66-9.53) 0.18
Social vulnerability o caries
Non vulnerable 602 (70.4) 82(73.2) 1 -
Vulnerable 253 (29.6) 30 (26.8) 0.87 (0.55-1.36) 0.54 - -

Table 5 shows the predictors of caries status. With simple
logistic regression analysis, the social vulnerability to caries
status of the child was not a significant predictor of caries
status. Rather, children classified as socially vulnerable to
caries had insignificantly lower odds of having caries than
children classified as socially vulnerable to caries. (OR: 0.87;
95% CI: 0.55 — 1.36; p=0.54). The significant predictors of
caries status were sex, number of siblings and age: women had
significantly higher odds of having caries than men (OR: 1.70;
95% CI: 1.14 — 2.52; p=0.009); children with more than two
siblings had higher odds of having caries than children with 2
or less siblings (OR: 3.05;95% CI: 1.93 —4.83; p<0.001); and
children under 5 years of age had significantly higher odds of
having caries than children 5 years and older (OR: 0.43; 95%
CI: 0.27 — 0.67; p<0.001).

Following adjustment for confounders, the three significant
predictors of presence of caries were sex, age and number
of siblings. Women had significantly higher odds of having
caries than men (AOR: 1.63; 95% CI: 1.08 — 2.46; p=10.02).
Children under the age of 5 were less vulnerable to caries than
children five years and above (AOR: 0.62; 95% CI: 0.39 — 1.00;
p=0.05); and children with more than two sibling children had
higher odds of having caries than children with two or less
siblings (AOR: 2.61; 95% CI: 1.61 — 4.24; p<0.001).

Discussion

The study showed that the developed social vulnerability
index for caries was not a sensitive determinant of caries
status for this study population. Rather, the study found that

gender, age of the child and the number of siblings were the
three social variables predictive of caries status of children in
the study population.

These findings have a few implications. First, our findings
may imply that the social vulnerability of each child is not a
determinant of its caries status in the study population. Rufai et
al.*? also noted that exclusion of social vulnerability dimensions
pertinent to specific hazards or the overrepresentation of
weakly influential dimensions may lead to misleading
conclusions about social vulnerability. Conscientious effort
was made to develop a social vulnerability index for caries that
included social vulnerability dimensions identified earlier by
multiple studies as social risk factors for caries for individuals
in the study population. The use of location-specific variables
to construct a contextually specific social vulnerability index
for caries in this study was based on the understanding that
geographical and time-varying characteristics are important and
essential for deconstructing vulnerability***. The developed
index was found appropriate for the population, and the Wilks’
Lambda test indicated that the proposed allocation process
would ensure correct classification.

The development of a quantitative indicator to measure
caries risk for this study population with low caries prevalence®
was important because a sensitive and specific index can
facilitate the identification of populations most vulnerable to
caries. This in-turn, can enhance political decision making
processes about resource allocation and project prioritization
especially in a limited resource setting like Nigeria. This study
found that the developed social vulnerability for caries index
developed was not a sensitive and specific tool for determining
caries status in the study population.
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The tool development process had a limitation: the variables
in the index were allotted equal weights in the model. Weights
usually have an important impact on the composite indicator
value and are based on statistical adequacy, social and economic
significance among others46. However, weights are based on
value judgment increasing the propensity to introduce bias and
possibly affecting the comparison of data across countries*.
Unfortunately, while we had evidence to justify the variables
derived for the construction of the composite index, we did
not have the evidence required to make the needed value
judgement to place weights on any of the components of the
composite index. We intend to conduct further studies to identify
how weights can be allotted to the composite variables in the
developed index and use this information to refine the current
index. We will then evaluate if the refined index for social
vulnerability to caries can be more sensitive for assessing caries
status in the study population.

Divaris*’ also highlighted the limitations of attempting to
transfer and apply population-derived risk estimates to individual
risk assessment. He called this the privatization of risk and it can
be misleading, as the risk factors may be insufficient to cause
diseases at the individual level. Rather, individual level caries
risk assessment should be made at the tooth level. The findings
of this study may be a validation of this postulation.

The study outcomes may also be an indication that social
conditions may be reflective of vulnerability in populations with
high risk for caries or in highly heterogenic societies where race
and ethnicity are factors for social inequity and vulnerability for
diseases and health outcomes. The social environment in Ile-Ife
is highly homogenous, with little disparity in race and ethnicity.
This made it difficult to include ethnicity as a variable in the
composite index developed to measure social vulnerability to
caries.

The study outcome may also reflect the limitations of
using social vulnerability for assessing individual caries status
in the study population. There are multiple efforts made to help
increase the precision of dentists in taking decisions about the
caries risk of individuals at their care. However, the use of a
social vulnerability to caries index goes beyond being clinically
applicable; the focus is to develop a quantitative assessment
tool that can enhance the translation of oral health care research
into policies and programs that benefit the general population.
Vulnerability assessment may help governments develop
effective responses to the needs of vulnerable populations. The
development of a social vulnerability to caries index can serve
this purpose though we do acknowledge that translating social
vulnerability processes into composite indicators can indeed
be a complex endeavor. Further research efforts are therefore
required to help develop a social vulnerability index for children
that can help facilitate government’s effort to prioritize its limited
resources to respond to the children most vulnerable to caries.

The three significant risk factors identified as independent
predictors of caries status in this study were female children,
children older than 5 years and children with more than two
siblings. Although these variables were included in the developed
social vulnerability for caries index, the index was still not
predictive of caries status although these factors were. Further
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qualitative and quantitative studies are required to understand the
role these three variables play in increasing the risk of children
to caries in the study environment.
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