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Abstract

Background: Dental caries is the most common childhood disease
worldwide. Previous research on the associations between dental caries and
height, weight and body-mass-index (BMI) among children has produced
inconsistent results. Dental caries also has a negative impact on oral health
related quality of life (OHRQoL) in children. However, the precise nature and
underlying mechanism of this relationship is yet to be fully investigated. Thus
the PhD thesis aimed to assess the associations between dental caries and
anthropometric measures (height, weight and BMI) among 5-9-year-old
Bangladeshi children. A secondary aim was to examine whether any
associations between dental caries and anthropometric measurements were
explained by OHRQoL, in particular dental pain, eating difficulty, poor

appetite and sleep disturbance.

Methods: A cross sectional observational study was conducted among 5-9-
year-old children in Dhaka, Bangladesh. Data were collected from children
and their parents from Dhaka Dental College Hospital and from three nearby
primary schools. Multiple linear regression analysis was used to assess the

associations of interest, adjusted for potential covariates.

Results: The final sample comprised 788 children. Dental caries and sepsis
showed negative associations with height-for-age z-scores (HAZ), weight-for-
age z-scores (WAZ) and BMiI-for-age z-scores (BAZ) after adjusting for all
confounders. Children who had higher level of caries and sepsis had lower

HAZ, WAZ and BAZ compared to caries and sepsis free children. Adjusting



for OHRQoL led to significant attenuation on associations between dental
caries, sepsis and anthropometric outcomes. Moreover, OHRQoL showed
significant inverse association with weight-for-age and BMI-for-age but not
with height-for-age. Finally, amongst all potential mediators, adjusting for
dental pain and eating difficulty led to significant attenuation on these
associations. Therefore, dental pain and eating difficulty might be considered
to partly explain the inverse associations. However, only eating difficulty
showed significant inverse association with weight-for-age and BMI-for-age
but not with height-for-age. Thus OHRQoL particularly eating difficulty might
be considered on the hypothesized pathway of negative associations

between dental caries, sepsis and weight-for-age and BMI-for-age.

Conclusion: The results of this study provide evidence that dental caries
was associated with lower height, weight and BMI among the study
population. Secondly, OHRQoL particularly dental pain and eating difficulty

partly explained the negative association.
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Chapter 1 Introduction

Dental caries is one of the most common childhood diseases worldwide
(Petersen 2003; Selwitz et al. 2007; Marcenes et al. 2013; Fung et al. 2013).
It is a major public health problem, affecting 60%-90% of children globally
with particularly high prevalence among children from poorer and
disadvantaged backgrounds (Petersen et al. 2005; Edelstein 2006;
Bagramian et al. 2009). In most of the low and middle-income countries
(LMICs) dental caries is prevalent and more than 90% of decay remains
untreated (WHO 2003; Moynihan & Petersen 2004). According to the World
Health Organization (WHO), growth failure and childhood malnutrition are

also important public health concerns in those countries (WHO 2014).

In high-income countries, there has been an increasing interest in the
association between dental caries and higher body mass index (BMI) among
children as the causes of dental caries and higher BMI are similar, namely,
high sugar consumption (Swinburn et al. 2004; Moynihan & Petersen 2004).
However, the direction of the association between dental caries and BMI
appears to be context-specific. A systematic review reported three main
patterns of relationships between dental caries and BMI: no association, a
positive relationship and an inverse relationship (Hooley et al. 2012). Those
studies finding a positive association between dental caries and BMI were
mostly from high-income countries whereas the studies that found an inverse
association were mostly from LMICs. Another systematic review and meta-
analysis reported a significant relationship between obesity and dental caries

in children, although this finding was significant for studies from high-income
22



countries only (described in the review as industrialized countries) and the
association was moderated by socio-economic status, caries status and age
of the child (Hayden et al. 2013). Findings from LMICs indicate that there is
an inverse relationship between caries and height, weight and BMI of young
children (Alkarimi et al. 2014; Mishu et al. 2013; Benzian et al. 2011).
Findings on the relationship between caries and height, weight and BMI are
also inconsistent due to variability among studies in defining caries and use

of non-standardized BMI cut off points (Kantovitz et al. 2006; Hooley 2014).

Research has also examined longitudinal relationships between dental caries
and child growth (Alkarimi et al. 2012; Monse et al. 2012). Several studies
have shown that untreated caries may negatively affect child growth (Acs et
al. 1999; Mohammadi et al. 2009). Several mechanisms have been proposed
to explain the adverse impact of caries on child growth (Sheiham 2006).
Severe dental caries often leads to pain and discomfort that affects children
physically and psychologically (Locker 1989) and therefore, dental caries has
a detrimental effect on the quality of life of children (Barbosa & Gavido 2008;
Bonecker et al. 2012). Apart from affecting overall quality of life of young
children, dental caries particularly affects food intake and sleep (Acs et al.
1992; Low et al. 1999; Vania et al. 2011; Acharya & Tandon 2011), which in

turn might affect child growth.

Despite the evidence of potential effects of dental caries on growth, very few
studies have assessed the underlying mechanisms of this association. Thus
this thesis examined the relationships between dental caries in children and

their height, weight and BMI in a lower-middle-income country, namely,
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Bangladesh. It then explored the potential underlying factors that might
explain the observed associations, namely oral health related quality of life
(OHRQoL), with particular focus on dental pain, eating difficulty, poor

appetite, and sleep disturbance related to caries.

This thesis is organized as follows: It begins by presenting the general
concepts of dental caries and child growth followed by a review of the
literature on associations between dental caries and height, weight and BMI
among children, and the impact of dental caries on children’s OHRQoL,
dental pain, eating difficulty, poor appetite and Sleep disturbance (Chapter
two). The literature review assesses the evidence and identifies a gap in
knowledge that leads to the study aim, objectives and hypotheses. Chapter
three presents the methodology in which data collection methods, measures
and data analysis plans are described. Following the validity and reliability
tests of the Bengali version of the Scale of Oral Health Outcomes for 5-year-
old children (SOHO-5) in Chapter four, Chapter five presents the main results
of the analyses. Finally in Chapter six, the main findings of the project are
discussed and compared with other relevant studies, followed by

recommendations and conclusion.
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Chapter 2 Literature review

This chapter firstly provides a context for the project by giving an overview of
dental caries and growth of children, followed by a review of the relevant
existing literature on associations between dental caries and height, weight
and BMI of children, and possible underlying mechanisms. This chapter ends
with a synthesis of the main findings and a conceptual model summarising
the main pathways that emerged from the literature. Limitations of past

research and gaps in current knowledge are also highlighted.

Dental caries is a common childhood disease that mostly remains untreated
for children of low and middle-income countries (LMICs). Growth failure is
also one of the most important public health issues for children in those
countries due to its multiple adverse impacts (Lucas et al. 2010; WHO 2014).
Over the past three decades, the question whether there is an association
between dental caries and growth failure among children in LMICs has
received increasing attention (Marcenes et al. 2013). Before probing deeper
into the association, an overview of dental caries and child growth along with

their measurement is presented.
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2.1 Dental caries in children

Dental caries is defined as an “infectious microbial disease of teeth that
results in the localized destruction and dissolution of the calcified tissue and
formation of a cavity” (Cowson & Odell 2008). Dental caries is biofilm-
mediated, sugar-driven, multifactorial, dynamic disease that can occur both in
primary and permanent dentitions (Pitts et al. 2017). Dental caries is one of
the most common childhood diseases globally (Petersen 2003; Selwitz et al.
2007; Marcenes et al. 2013). According to recent WHO ‘Global Burden of
Disease’ report, untreated tooth decay is the most prevalent disease among
291 major diseases and injuries (WHO 2015). Despite the improvements in
oral health in most high-income countries over the last decades, the
prevalence is still high among children from LMICs (Petersen et al. 2005;
Edelstein 2006; Bagramian et al. 2009). Alarmingly overall more than 90% of
decay remains untreated in those countries (Petersen 2003; Moynihan &
Petersen 2004). Untreated caries may gradually affect the enamel and
dentine, and then the pulpal part of the tooth and may cause dental sepsis.
Thus untreated caries and associated infection may cause dental pain and
discomfort which have a negative impact on daily activities such as eating
and sleeping, and chlidren’s quality of life (Sheiham 2006); and these factors

might have negative impacts on their growth.
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Measurement of dental caries

For the last 70 years, measurement of dental caries has been done
worldwide using the DMFT/dmft index (Klein et al. 1938). According to WHO,
the DMFT/dmft index to measure dental caries is an aggregate measure of
teeth with a visual distinct cavity in dentine (D/d), teeth missing due to caries
(M/m) and filled (F/f) permanent and deciduous teeth where upper case
letters are used for the permanent dentition and lower case letters are used
for the deciduous teeth (WHO 2013). This classic index provides information
on caries and restorative and surgical treatment but fails to provide
information on the clinical consequences of untreated dental caries, such as
pulpal involvement and dental abscess (Monse et al. 2010). In view of the
global epidemic of untreated caries in children, it is important to investigate
the dental sepsis of children (Pine et al. 2006). PUFA/pufa is an index that
has been developed to assess the presence of oral conditions resulting from
untreated caries. PUFA/pufa index is measured in the same cumulative way
and recorded separately from the DMFT/dmft to score consequences of
dental caries in soft tissues: the presence of a visible pulp (P/p), ulceration of
the oral mucosa due to root fragments (U/u), fistula (F/f), or an abscess (A/a)
(Monse et al. 2010). Some recent studies also used the newly developed
International Caries Detection and Assessment System (ICDAS), a more
detailed index that considers both cavitated and non cavitated lesions in

enamel and dentine (Pitts & Ekstrand 2013).

For the assessment of severity of caries in children, the American Academy

of Paediatric Dentistry (AAPD) defines early childhood caries as presence of
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one or more decayed (non-cavitated or cavitated lesions), missing (due to
caries), or filled tooth surfaces (dmfs) in any primary tooth in a child of 71
months of age or younger (AAPD 2008). If children’s dmfs score is 24 (age
3), =5 (age 4), or 26 (age 5) then it is indicative of severe early childhood
caries. Several studies reviewed in this thesis reported this classification;
also some studies used their own study specific classification to define

severity of caries. The following section presents an overview of child growth.

2.2 Overview of child growth

Growth is a normal physiological process and an important indicator of
overall good health and well-being of a child (Cappa & Loche 2003; Simm &

Werther 2005; Stanhope et al. 1994).

2.2.1 Stages of growth

Childhood growth may be divided into three phases known as ‘Infancy-
Childhood-Puberty’ model for growth, each with separate controlling
mechanisms (Harvey 1995). Infancy is characterised by rapid but rapidly
decelerating stage of growth that tails off by the end of the first year. This
phase of growth is largely nutritionally determined and insulin and insulin like
growth factors play a contributory role (Hindmarsh 1988). Optimal feeding
results in healthy growth and under feeding results in growth retardation
during this period. In some low-income countries, the nutritionally determined
early phase of growth is often compromised, causing short stature of
children. Therefore, the next phase of childhood growth starts from a lower
base line (Costello 1989; Karlberg. et al. 1988). The second phase of growth
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is childhood, which mostly depends on growth hormone secretion and other
endocrine pathways along with nutritional control (Hindmarsh et al. 1987).
Finally, puberty or pubertal growth spurt is the time of superimposed growth
acceleration due to the combined effects of growth hormone and sex steroids
(Stanhope et al. 1987; Gibson et al. 2000; Brook 1982). Growth after the age
of 8-9 vyears is interlinked with puberty and cannot be considered
independently, therefore, this issue was a factor to consider during selection
of study sample for this project. The following section highlights the factors

influencing child growth.

2.2.2 Factors influencing growth

Child growth is a complex phenomenon affected by many different factors
(Rogol et al. 2002). A complex interaction of different genetic, nutritional,
environmental growth factors and hormones is required in a highly regulated
and timely fashion for normal growth (Monzavi & Cohen 2002; Cappa &
Loche 2003; Simm & Werther 2005). The main important factors influencing

growth are as follows:

Genetic factors are among the strongest influences (Czerwinski et al. 2007)
and 95% of normal children reach a final height within a range around the
mid-parental centile £ 9 cm (Harvey 1995). Secondly, along with the
influence of genetic factors, environmental influences are also very important
(Cameron 2012). Ethnic differences and secular trends are the factors to
consider as growth patterns and timing of puberty depend on genetic and
environmentally determined ethnic differences. Hence, children from different

populations show international differences in size and shape due to genetic,
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environmental and nutritional factors (Tanner & Whitehouse 1976, Polnay
2002). Adequate nutrition is essential for normal growth particularly during
the infantile phase, which is considered as a problem in low-income countries
(Fazili et al. 2012). On the other hand, over nutrition is another public health
challenge especially for high-income countries. Emotional and socio-
economic factors are often related to nutrition. For instance, it has been
shown that stress is related to poorer growth among children, and removal
from a stressful environment and relationships can have beneficial effects on
growth (Cameron 2012). Stress may decrease appetite and also cause
disordered neuro-hormonal control of growth. Thirdly, growth is regulated by
a complex interplay of endocrine pathways. The important hormones related
to growth are growth hormone; thyroid hormone (Thyroxine); cortisol,
androgens; testosterone and female sex steroids (Polnay 2002). Problems
with one or combination of these factors result in growth failure or failure to

thrive.

2.2.3 Growth failure or failure to thrive (FTT)

A wide range of different criteria for FTT are used in the medical literature
which include “weight or height below the third percentile for age”, “weight
less than 80% of ideal weight-for-age” or “failure to maintain a previously
established growth pattern” (Accardo 1982). Thus FTT includes insufficient
increase in weight and length during childhood, and rates of growth failing to
meet the expected rate for a child of that age (Nutzenadel 2011). Growth

failure can occur at any time during childhood (Jolley 2003). FTT in infancy

(Jolley 2003) and in childhood is a common consequence of malnutrition due
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to inadequate caloric intake, caloric absorption, or excessive caloric
expenditure (Cole & Lanham 2011). Early childhood caries is considered to

be associated with FTT (Acs et al. 1999).

2.2.4 Catch-up growth

“Catch-up growth is a height velocity above the statistical limits of
normality for age or maturity during a defined period of time, following a

transient period of growth inhibition” (Boersma Bart & Jan 1997).

The effect of catch-up growth is to take the child onto the original pre
retardation curve. The velocity of catch-up depends on the severity of growth
failure and timing of exposures (Tanner 1981). Different community based
longitudinal studies suggest that a healthy environment is the key factor that
might influence catch-up growth (Adair 1999; Simondon et al. 1998). Catch
up growth is seen after dental treatment (Acs et al. 1999); this topic has been

described separately in a later part of this chapter.

2.2.5 Growth assessment

One of the most important marker for good health in childhood is normal
growth (Stanhope et al. 1994). Therefore, for health monitoring and research
purpose, understanding the measurement and assessment of growth of

children is very important.
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‘Anthropometry (the measurement of the size, proportions and
composition of the human body) provides the single most portable,
universally applicable, inexpensive and non-invasive technique for

assessing growth of the human body” (WHO 1995).

Physical growth refers to an increase in body size (length or height and
weight), and growth indicators such as height and weight measurement
reflect health and nutritional status. To screen and monitor children’s
development, growth references are commonly used. Precise measurements
of height and weight are carried out accurately and plotted on a growth chart
and compared with an appropriate reference population (Stanhope et al.
1994; Simm & Werther 2005). Height is the best single index of growth that is
more significant than weight as a long-term indicator (WHO 1995), so height
measurement with a cut-off at 0.4 centile is considered as a satisfactory
criterion for screening of growth failure (Harvey 1995). The measurement of
weight can be useful if it is linked to height and age, otherwise it can be
misleading (Tanner 1976; WHO 1995). Weight increase is taken as an
indicator of satisfactory growth. Measurement of height or weight at one time
point is not an indicator of growth since growth is a dynamic process, which
needs multiple measurements over a minimum 6 months period (Simm &
Werther 2005). Many studies used the term ‘malnutrition’ to characterize
weight, height, and BMI (Weight (kg)/height (m) ?) deficiency. WHO child
growth reference reported the age-adjusted z-score of height, weight, and
BMI. The z-score of height, weight, and BMI is a measure of the standard
deviation (SD) away from standardized mean of height, weight, and BMI. It is
considered one of the most appropriate measures of weight in children and

adolescents because it accounts for the wide, natural variation in growth. The
33



use of z-scores allows comparisons of individual's weight, height or BMI,
adjusted for age and sex relative to a reference population, expressed in
standard deviations (SD) from the reference mean. Children who have z-
scores below 2 SD (<-2 SD) from the normal reference mean value of height-
for-age (stunting), weight-for-age (underweight), weight-for-height z-scores
(wasting) and BMI-for-age are considered as growth failure or malnourished
by the WHO (Onis et al. 2007). Globally, stunting affected at least 165 million
children and wasting affected at least 52 million children in 2011, with the

highest prevalence in South Asia and Sub-Saharan Africa (Black et al. 2013).

The study population of this project was children of Bangladesh; hence in
order to understand the context of the study the following section presents an

overview of dental caries and child growth in Bangladesh.

2.3 Study context: dental caries and child growth in

Bangladesh

Bangladesh is a lower-middle-income country in South East Asia. The details
of socio-demographic information of this country are presented in the
methodology chapter. There is no nationwide data on the burden of dental
caries of children in Bangladesh. In 2003, the prevalence of dental caries of
12-year-old Bangladeshi children was reported as very low in the Global map
on dental caries according to WHO oral health data bank (Petersen 2003).
An earlier review reported an average DMFT score of 1.5 for 8-11-year-old
children (Helderman et al. 1996). Later another study conducted in socially

deprived urban slums and rural areas found a mean dmft/DMFT of 1.4 for 6-
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12-year-old children, with more prevalent d/D component, which indicates
that most of the carious cavities were untreated, and 26.4% of participant

children were underweight (Mishu et al. 2013).

Despite some improvement in nutritional status over the last two decades,
malnutrition is still a major problem for children in Bangladesh (Rabbani et al.
2016). Analysing data from the Bangladesh Demographic and Health Survey
from 1996 to 2014, Rabbani et al. (2016) reported that the stunting and
severe stunting rate among under-five-year-old children was 34% in 1996/97,
which was reduced to 11.6% in 2014. According to the recent WHO child
malnutrition report in Bangladesh, the prevalence of stunting; underweight
and wasting among children under five years of age is 36.1%, 32.6% and
14.3% respectively (WHO 2016). Though it was not possible to capture child
growth through a cross sectional study design; most of the literature referred
to in this thesis considered height and weight measurements as indicators of

child growth or nutritional status.

2.4 Dental caries and child growth: Evidence from

systematic reviews

So far five systematic reviews have been published (summarized in Appendix
1), which reported an inconsistent pattern of findings on studies published
from 1980 to 2014 (Kantovitz et al. 2006; Hooley et al. 2012; Silva et al.
2013; Hayden et al. 2013; Li et al. 2015). Although three of the reviews

focused on caries and obesity, as childhood obesity is a major health
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problem in most high-income countries, these studies failed to agree on any

specific conclusions on the pattern of the association.

The earliest systematic review on obesity and dental caries was conducted
by Kantovitz et al. (2006). They reviewed evidence on the association
between dental caries and obesity in childhood, adolescence and/or
adulthood from 33 articles published between 1984 and 2004. They excluded
all studies related to oral health and nutritional deficiency, and underweight.
Out of 33 critically assessed papers, seven papers were selected, five of
which included children between 2-15-year age group. The systematic review
found only three studies on children to provide high level of evidence on the
study topic. Of the three ‘A grade’ studies, 1 study with German elementary
school children found a positive correlation between dental caries and BMI in
a sample of 842 children aged 6-11 years (Willershausen et al. 2004).
Another study found no correlation analysing data from over 5,000 3-year-old
children from a children’s health survey in Taiwan (Chen et al. 1998), while
the third study was not able to identify an association between dental caries
experience and BMI status in more than 500 5-13-year-old children in
Denmark (Tuomi 1989). Thus no clear conclusion could be drawn as there
were conflicting findings and further well-designed randomised studies to
explore the relationship were recommended. However, the search criteria
were limited to randomised, cross-sectional and retrospective studies and
inclusion of all age groups made the findings rather vague. Also the exclusion
of studies reporting an association of caries and underweight provided only a
snapshot of one side of the association between caries and obesity but not

the whole picture of the possible associations between caries and BMI.
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A more recent systematic review by Hooley (2012) on BMI and dental caries
in children and adolescents covering literature from 2004 to 2011 included 48
studies. Overall, the systematic review reported three main patterns of
associations between BMI and dental caries: no association (23 of the 48
studies), a positive relationship (17 studies), and an inverse relationship (nine
studies). After assessing for bias, only five studies were considered as ‘A
rated’. The reports of those five studies were also similar to the previous
findings; as two studies found positive associations, one study found a
negative association and two studies found no associations. Additionally,
they reported about a study conducted in India that found children with
obesity and overweight had increased prevalence of dental caries in both
primary and permanent dentition compared to normal weight children (a U-
shaped pattern) (Sharma & Hegde 2009). Furthermore, the possible
explanations of the inconsistent associations were individual level factors like
disparity in level of dental caries, ethnicity, socio-economic status, parental
education level, and access to health services. The review considered the

country level variables using human development index and reported that:

“The evidence supporting an inverse relationship between dental caries
and BMI comes from studies in developing countries”, and “The studies
that support a positive association between BMI and dental caries
include those in which samples were from highly developed countries

with high standards of living and improved access to public heallt
(Hooley et al. 2012).

An important point of this systematic review was that it was the first review
that provided a complete picture of the different patterns of association

between caries and BMI of children with a plausible explanation.
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The only systematic review with a meta-analysis on the association between
obesity and dental caries in children was conducted by Hayden et al. (2013)
that included papers between 1980 and 2010. Initially 212 studies were
identified following PRISMA guidelines (Moher et al. 2009) and 35 full articles
were reviewed following the quality assessment guidelines by ‘University of
Wales’ (Weightman & Mann 2004). 14 articles met the selection criteria and
were included in the meta-analysis, though only seven studies were found to
be of highest quality. The authors concluded that a significant overall positive
relationship between obesity and dental caries in the permanent dentition
exists when standardized definitions for the assessment of child obesity were
used. Subgroup analyses revealed a significant relationship between
overweight/obesity and dental caries in studies involving children from
‘industrialized countries’ but not ‘newly industrialized countries’. One of the
limitations of this study was children who were ‘underweight were not
included. Studies, which did not specify or separately analysed by dentition
type were also excluded. However, among children in the mixed dentition
stage the effect of caries of both primary and permanent dentition could

occur simultaneously.

Hayden et al.’s (2013) findings of a relationship of caries and obesity was
critically analysed and evaluated by Hooley (2014) who addressed other
associated factors related to this association (Hooley 2014). Hooley (2014)
reported that the association was moderated by country level variables, since
most of the studies that reported a positive association were from countries
with a lower Human Development Index (i.e. were more highly developed).

The association was also confounded by the level of caries and distribution of
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BMI in the study samples. For example, underweight participants were
underrepresented in studies reporting a positive association and vice versa.
Finally, the author highlighted that underweight children were often combined
with normal-weight children for comparison with overweight and obese
children. Therefore, he recommended that child weight categories should not
be combined in order to reduce the risk of attenuating differences between
the target and comparison groups. The authors also highlighted the common

problem of use of non-standardized BMI cut-off points.

In the same year another systematic review was published by Silva et al.
(2013), aiming to identify the evidence of an association between obesity and
dental caries, that included studies published between 2005 and 2012. The
authors identified 537 studies and 28 studies were included in the review
after assessing the quality using the ‘Downs & Black’ criteria (1998). Among
reviewed articles, good scientific evidence was found from 13 articles, out of
which six studies observed a positive association. Thus they concluded that
the evidence regarding the association is insufficient. However, study
limitations highlighted in the review included the small number of longitudinal
studies (total five studies) and lack of clarity of the possible role of diet, socio-
economic and other confounding factors, as most of the studies did not
adjust for these factors. Moreover, the review acknowledged that due to the

heterogeneity of the studies, it was not possible to perform a meta-analysis.

The most recent systematic review that considered only longitudinal studies
on anthropometric measurements and dental caries in children, also reported

conflicting findings (Li et al. 2015). The review identified 17 longitudinal
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studies as effective studies. Among those studies, anthropometric
measurements were used to predict caries in 15 studies that reported
inconsistent findings; and two studies where dental caries was used to
predict anthropometric measurements found an inverse association. The

authors concluded:

“The quality of reporting of these studies varied considerably. Evidence
of the association between anthropometric measurements and dental

caries is conflicting and remains inconclusive” (Li et al. 2015).

Again the variation of clinical assessments and measurements; study
settings; age and ethnicity of participants; and other confounders influenced

the results.

To sum up, a consistent pattern in the association could not be confirmed by
any of the reviews. All of the reviews reported insufficient evidence regarding
the association between dental caries and obesity. The reviews ended up
with observing three patterns of association: negative association, positive
association and no association. One limitation that all reviews mentioned was
not controlling for potential confounding factors by most of the studies.
Another key limitation was heterogeneity in measuring and defining caries
and obesity. Lastly, apart from the last review, most of the included studies in
the previous reviews were cross sectional in design and thus the causal

mechanism of the association remained unclear.

The following section reviews the empirical studies in light of these three
patterns of associations with particular focus on negative pattern of

associations.
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2.5 Empirical studies on associations between dental caries

and anthropometric measures of children

A number of studies provide evidence of associations between dental caries
and anthropometric measures among children. Most of the individual studies
reviewed in this section were from LMICs that were not fully covered by the
existing published systematic reviews or recently published after the

systemaic reviews.

2.5.1 Studies reporting negative associations between caries and

height, weight and BMI

2.5.1.1 Dental caries as a risk factor for lower height, weight and

BMI

Evidence that dental caries is associated with lower height, weight and BMI
as indicators of impaired growth or malnutrition comes mainly from cross-
sectional population based studies from LMICs (Benzian et al. 2011; Mishu et
al. 2013; Alkarimi et al. 2014; Gemert-Schriks et al. 2011; Mohammadi et al.
2012; Ngoenwiwatkul & Leela-adisorn 2009). Two recent studies that have
considered weight-for-age z-score (WAZ) and height-for-age z-score (HAZ)
also found an inverse association between dental caries and WAZ and HAZ
score even after adjustment of socio-economic status and other variables
(Mishu et al. 2013; Alkarimi et al. 2014). However, these studies did not
comprise nationally representative samples; the latter study was conducted
in a single military school with 417 children in Saudi Arabia. Another study

among 380 6-year-old Suriname children also found a negative correlation
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between anthropometric measures and the number of untreated carious
surfaces/caries experience, although the study did not have any healthy

comparison group (Gemert-Schriks et al. 2011).

Current studies mainly used BMI as an indicator of malnutrition or optimal
weight status and reported negative associations between caries and BMI
(Benzian et al. 2011; Ngoenwiwatkul & Leela-adisorn 2009; Goodson et al.
2013). However, the association was dependent on the severity of dental

caries as Benzian et al (2011) in their study concluded that:

“Although a significant association existed between BMI and caries,
only children with caries progression into the pulp (odontogenic
infections) appeared to have an increased risk of a below normal BMI
as compared to those without odontogenic infections” (Benzian et al.
2011).

This finding implies that early stages of caries were not a risk factor for lower
BMI whereas children with caries with pulp involvement had an increased risk
of being below normal BMI as compared to children without odontogenic
infections. This finding is further supported by hospital-based studies. In a
case control study with Turkish children, Ayhan et al. (1996) evaluated the
effect of nursing bottle caries and rampant caries on height, weight and head
circumference. The study revealed that children who had rampant or nursing
caries were significantly lighter and shorter compared to children with healthy
teeth. The mean weight for children with caries was between 25"-50™
percentiles and was between 50™"-75" percentiles for controls without caries.
Also, 7% of cases and only 0.7% of controls weighed less than the 20™

percentile. However, some of these hospital-based studies did not consider
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demographic and socio-economic variables and other potential confounders

such as low birth weight and nutritional status.

The final evidence about the effect of caries on underweight comes from
studies of ‘catch-up growth' following comprehensive dental treatment.
Evidence for an effect of dental treatment of pulpally involved or infected
teeth on gaining body weight comes from a randomized control trial (RCT)
conducted in the Philippines with 164 underweight preschool children with a
mean age of 59.9 months and with severe dental decay, which found that the
extraction of severely decayed primary teeth resulted in significant weight
gain. This study reported that within a four months follow-up period the 85
children with immediate extraction had significant increase in WAZ and BMI-
for-age z-scores (BAZ) compared to another group of 79 children waiting for
dental treatment (Monse et al. 2012). However, the study failed to
demonstrate any significant change in HAZ, possibly due to the short follow-

up period.

Though two other RCTs failed to provide evidence of significant improvement
of weight after dental treatment (Alkarimi et al. 2012; Gemert-Schriks et al.
2011). The earlier Saudi community-based RCT with 86 schoolchildren with
severe dental caries (42 children were in test group who got early dental
treatment and 44 were in control group who got treatment six months after
the test group), aged 6-7 years in Saudi Arabia found no significant
difference in anthropometric outcomes (WAZ and BAZ) between two groups.
The key limitations of Alkarimi’s study were the short follow-up period of 34.8

(+1.1) weeks and small sample size. However, Gemert-Schriks et al. (2011)
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in the RCT part of their study did not find any significant improvement in
weight and height after a three year follow-up period. In that study all 380
children from 17 different schools located in Suriname were randomly
assigned to four different treatment groups ranging from full dental treatment
to no invasive treatment at all. Body growth was evaluated by children's
height, weight and BMI and participants were evaluated after six months and
one, two and three years, but no significant differences in growth pattern
between the treatment groups were observed. One explanation of this might
be a lack of power due to several treatment groups. As this study had four
intervention groups, the number of participants in each group might have

been too small to show any statistical significant differences.

2.5.1.2 Malnutrition as arisk factor for dental caries

While the above-mentioned studies assessed the relationship between caries
and anthropometric measures on the assumption that caries negatively
affects growth, there is some evidence that the relationship may be
bidirectional. A systematic review showed that malnutrition may be a risk
factor for dental caries as malnutrition is associated with structural defects
(hypoplasia) and hypo-mineralization of tooth enamel and altered salivary
flow rates, buffering capacity and antimicrobial components, all of which
might increase susceptibility to dental caries (Psoter et al. 2005). The finding
of a Brazilian longitudinal study indicates that life course events such as
under nutrition and childhood infections during tooth development may be
associated with enamel defects in socio-economically underprivileged

communities (Chaves et al. 2007). Similarly, a prospective four-year
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longitudinal study of 209 Peruvian children also reported malnutrition as a
risk factor for dental caries (Alvarez et al. 1993). These findings are further
supported by cross-sectional studies providing evidence that malnutrition is
associated with dental caries even after adjusting for socio-economic factors
(Alvarez et al. 1988; Alvarez et al. 1990; Oliveira et al. 2008). Oliveira et al
(2008) in their study on Brazilian preschool children found that nutritional
status was related to dental caries of children. Using caries as the outcome
variable, the study found that underweight children were 5.6 times more likely
to have severe caries than children of normal weight/height. This finding was
in accordance with other studies that found low body weight or low BMI as a
risk factor for caries in 12-14-year-old children of Thailand (Narksawat et al.
2009) and 5-9-year-old children in Turkey (Koksal et al. 2011). However,
these studies did not control for important potential confounders, such as
socio-economic factors (Floyd 2009). Similar associations were observed in
other recent studies conducted in India (Chauhan et al. 2016; Chopra et al.
2015), Iran (Bafti et al. 2015), Saudi Arabia (Bhayat et al. 2016; Farsi et al.
2016), and Serbia (Markovic et al. 2015). Chauhan and colleagues (2016) in
their study of 275 disadvantaged 6-15-year-old tribal children in India found
that caries was more prevalent in malnourished children even after
accounting for oral hygiene and sugar intake and caries prevalence
increased with increase in severity of malnutrition. Though this study
measured height, weight, mid-arm and head circumference; only BMI was
reported in the results. On the other hand, Chopra et al. (2015) found that
dental caries was higher in both underweight and overweight children

compared to normal weight children. The study added that dental caries and
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deviations from normal weight were two conditions, which share several
broadly predisposing factors such as diet, socio-economic status, lifestyle

and other environmental factors.

Some studies dichotomized BMI into normal and overweight and found that
caries was more prevalent among normal weight children; however the
categorization did not allow assessing whether caries was more prevalent
among under-weight children (Bafti et al. 2015, Farsi et al. 2016). Farsi and
colleagues (2016) in their study found that caries was two times more
prevalent among normal and underweight than overweight and obese 12-
year-old boys in Madina city of Saudi Arabia even after accounting for
possible confounders and dietary habits. A similar finding was reported by
another study from Serbia with 422 children and adolescents aged 6-18
years that considered underweight and normal weight children together and
found a negative association between caries and overweight (Markovic et al.
2015). The above-mentioned studies were intended to test the association
between caries and obesity and thus did not consider underweight as a

separate group.

These findings were in accordance with three recent cross-sectional studies
in China with school-aged children (Liang et al. 2016; Peng et al. 2016; Yang
et al. 2015). However, these studies did not assess the severity of dental
caries and none took socio-economic and other related variables into
account. Liang and colleagues (2016) in their study in China categorised their
large sample of 32,461 pupils aged 7-9 years into underweight, normal

weight, overweight and obese groups using a BMI classification based on
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Chinese criteria. The authors observed lower odds of presence of caries in
deciduous teeth among overweight or obese children. Though this study
calculated BAZ based on WHO criteria, the country specific categorization of
BAZ restricts the comparability of the study. As categorization reduced the
opportunity to use the full range of data, this study also evaluated the shape
of the relationship between BAZ as a continuous variable and dental caries in
primary dentition and reported that full-range BAZ was associated with dental

caries.

All above-mentioned studies considered BMI status as an exposure to
explain the prevalence or level of dental caries in children. However, due to
cross-sectional study designs and data analysis methods, the reverse
causality issue of whether malnourished (wasted and stunted) children
experienced more dental caries or dental caries was one of the factors

causing the growth failure (wasting and stunting), could not be ascertained.

Interestingly, some studies have considered only height and found that taller
children had less caries than their shorter counterparts (Nicolau et al. 2005;
Freire et al. 2008). These two cross-sectional studies, conducted among
Brazilian adolescents (between age of 13 to 15 years), found that taller
children had lower level of dental caries. This finding was also supported by
another longitudinal study in Peru that reported stunting as a significant risk
factor for caries increment in permanent teeth over a 3.5 year period of time

(Delgado-Angulo et al. 2013).
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2.5.2 Studies reporting no associations between caries and BMI

Some studies did not find any significant associations between dental caries
and children’s BMI (Alves et al. 2013; Edalat et al. 2014; Sede & Ehizele
2014; Jong-Lenters et al. 2015; Kottayi et al. 2016; Kumar et al. 2017). Most
of these studies did not use the entire range of BMI, rather they grouped their
study population into obese and non-obese. Edalat et al. (2014) considered
202 preschool children in Iran aged 3-6 years and showed the percentages
of children with lower HAZ, WAZ and BAZ having severe early childhood
caries, but without showing any statistical significance test. This paper,
reporting results only from descriptive statistics, would appear to be over-
ambitious on its claim of non-linear correlations between severe early

childhood caries and HAZ, WAZ and BAZ deficiency.

Alves et al. (2013) with a representative sample of 1,837 12-year-old
Brazilian children using WHO classification of BAZ reported that overweight
or obese children are not at risk of dental caries; however, the study failed to
elucidate the association with underweight children in their study as they did
not assess underweight separately. Similarly, Kottayi et al. (2016) showed
the prevalence of caries among 2,000 12-14-year-old overweight and normal-
weight children in a district of India and found no significant difference
between these two weight categories. The study used BMI categorization by
the International Obesity Task Force and again due to categorization missed
the opportunity to examine the association for underweight children. In the
same way, another study of 1,092 children in India aged 11-14 years found

no association between BMI categories and dental caries using the Indian
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Academy of Paediatrics 2015 growth charts to categorise children as
underweight, overweight, normal or obese, based on their BMI. Moreover, by
using detailed data on socio-economic status the study showed that high
socio-economic status, overweight children experienced lower caries rates
than normal-weight children (Kumar et al. 2017). Similarly, Sede & Ehizele
(2014) in their study in Nigeria did not find any difference in dental caries
prevalence between obese and non obese children. This study also
considered other oral disases as outcomes but failed to account for any

confounders.

Likewise, another population based study in the Philippines failed to draw a
definite conclusion on the effect of dental caries on BMI, after adjusting for
socio-economic factors (Heinrich-Weltzien et al. 2013). The study of 1,962 6-
7-year-old children taking part in the National Oral Health Survey in 2005-
2006 in the Philippines, taking account of BMI and dental caries, concluded
that underweight was associated more strongly with demographic and socio-
economic conditions than with dental variables and definite conclusions
about the association between dental caries and weight status could not be

drawn from that study (Heinrich-Weltzien et al. 2013).

An overall observation is that the evidence of no association mainly came
from the studies aiming to find associations between caries and obesity by
using BMI categories and studies that considered adolescents in their
sample. One possible explanation might be that the dichotomization of BMI
into obese and non obese (or, overweight and non-overweight) reduced the

opportunity of using the full range of data to explore the association. Also the
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use of different criteria of BMI classification makes the comparability of these

studies questionable.

2.5.3 Studies reporting positive associations between caries and BMI

Research from high-income countries, and some middle-income countries
reported positive associations between dental caries and overweight or
obesity. Considering the context of the project, individual studies reporting
positive associations from high-income countries were not reviewed in this
thesis. A limited number of studies from lower middle to middle-income
countries like China (Yao et al. 2014), Iran (Shahraki et al. 2013; Bagherian &
Sadeghi 2013), and India (Sakeenabi et al. 2012; Honne et al. 2012;
Bhoomika et al. 2013) reported a positive association between dental caries

and higher BMI.

Sakeenabi et al. (2012) in their study in India among 1,550 school children
aged 6 and 13 years, showed that there was a significant association
between overweight and obese children and dental caries prevalence using
multivariate logistic regression adjusted for socio-economic status and other
confounders. This study categorized BMI into four groups (underweight as a
distinct group) for the descriptive analysis, but for the logistic regression, they
considered dichotomization as obese versus rest of the group and reported
that in 6-year-olds, obese children were 3.6 times more likely to have dental
caries than subjects who were not obese. Considering low and normal weight
together, another study by Honne et al. (2012) in South India which
investigated the relationship between obesity, over weight, sugar

consumption and dental caries among 463 school children aged between 13
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and 15 years, showed that obese and overweight children had 3.7 times
higher chance of having caries than low to normal weight children. Bhoomika
et al. (2013) with a sample of 100 caries free children (50 boys, 50 girls) and
100 children with severe early childhood caries of 3-6-year-old age group
found that the mean BMI of severe early childhood caries children was more

when compared to the caries free children.

Another cross-sectional study from the routine health screening data for
primary school children aged 5-14 years in Wannan area, China supports the
positive association. Overweight and obesity status were determined using
the International Obesity Task Force standard BMI cut-off points. After
adjusting for gender and age, the study found a statistically significant
association as overweight children were 1.5 times and obese children were
2.9 times more likely to have caries than children with underweight and
normal weight children (Yao et al. 2014). However, the study found that
underweight and normal weight children had higher prevalence of dental
caries compared to over weight or obese children. Again the study
considered normal / healthy weight and underweight together as their

reference group and did not consider socio-economic status.

A cross-sectional study in a city of Iran with 1,213 children aged 6-11
reported that the mean decayed and filled teeth in the overweight group was
higher than in low and normal weight groups. However, the analysis did not
account for any confounders (Shahraki et al. 2013). In another study the
subjects were divided into severe early childhood caries and caries-free

groups. Then data was analysed by t-test, one-way ANOVA, multiple
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regression and logistic regression tests and reported an association between
higher decayed, extracted and filled surfaces (defs scores) and
overweightness. However, regardless of collecting data from 12 private and
state-funded preschools, the study did not account for any socio-economic
variables that may have impacted the association (Bagherian & Sadeghi

2013).

All these studies used different BMI categories. The level of dental caries
was also a factor to consider, as one study with 180 Brazilian children aged
6-14 years used both DMFT/dmft and ICDAS II visual criteria. Considered
non-cavitated caries, it reported that although no significant difference was
observed in caries prevalence for the permanent dentition, a significant mean
dmft difference existed in non-obese children (mean dmft of 1.66) compared
to obese children (mean dmft of 0.95). Considering ICDAS Il criteria, the
study also found that a higher prevalence of non-cavitated enamel lesions
(D1-3) was observed in obese children (10.5%) compared to the non-obese

children (1.9%) (Ferraz et al. 2016).

Thus this inconsistent pattern of association warrants further investigation.

The possible explanations of these inconsistent findings are described below.
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2.6 Possible explanations for inconsistent associations

between caries and height, weight and BMI

The positive association between caries and BMI found in high-income
countries might be explained by the excessive availability and consumption
of food and drinks containing high quantities of sugars in those countries, that
are the risk factors for both obesity and dental caries (Marshall et al. 2007;
Hayden et al. 2013). In high income countries, obesity in children has
increased, which might explain why these studies only considered BMI as a
dichotomized variable (high BMI or not high BMI). The predominance of
untreated caries or ‘d’ component in dmft also affect the association (Norberg
et al. 2012). Unlike the children from LMICs, the children from high-income
countries are more likely to receive treatment of dental caries, thus they are

less likely to suffer the adverse consequences of caries.

Given the country level differences, this inconsistency in associations among
different studies could also be due to methodological limitations. In terms of
dental caries measurement, there is a lack of standardised diagnostic criteria
in caries definitions, caries detection methods and use of different indices.
For example in the definition of severe early childhood caries in young
children, the ‘American Academy of Paediatric Dentistry’ criteria include non-
cavitated lesions for caries, whereas the WHO criteria include only cavitated
lesions. Most of the studies that reported associations between caries and
obesity used a more sensitive measure of dental caries (e.g., included initial
caries) and involved samples with a lower caries severity (e.g., lower mean
dmft/DMFT scores) than studies finding an inverse association (Hooley
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2014). Studies used various criteria for assessing anthropometric measures
and different cut off points for their classification. Some studies did not
provide any evidence on the reliability of clinical measures of caries detection
and anthropometric measures or relied only on BMI and used unadjusted
formulas to calculate BMI (Sakeenabi et al. 2012, Honne et al. 2012).
Another limitation of most studies is the failure to include the full range of BMI
in the sample (Hooley et al. 2012). Therefore, the inconsistent associations

shown in different studies should be considered with caution.

As the study population of this study was from Bangladesh, a lower middle-
income country, and most of the study findings from LMICs supported an
inverse association, the following part of the literature review focuses on the
explanation for the inverse pattern of association considering the context of

this thesis.
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2.7 Potential explanations on how dental caries could

adversely affect child’s height and weight

The findings from intervention studies on the effect of treatment of dental
caries on the improvement of anthropometric measures (Monse et al. 2012)
suggests that untreated severe dental caries could affect growth negatively.
Therefore, there has been an increasing interest in the underlying
mechanisms of this relationship (Sheiham 2006). The following part of this
review addresses the potential underlying factors and mechanisms of how
dental caries negatively affects the height and weight of children. As
mentioned earlier, an overall good quality of life, proper nutrition and healthy
sleep patterns are considered as core elements of child growth. Therefore,
this section has reviewed the evidence on the association between dental
caries and OHRQoL of children, followed by review of the studies focused on

dental pain, eating difficulty, poor appetite and sleep disturbance.

2.7.1 Dental caries and oral health related quality of life (OHRQoL)

Oral health related quality of life (OHRQoL) is the measures of the extent that
oral status and conditions disrupt normal social-role functioning and bring
about major changes in behaviour (Locker 1989). OHRQoL is a
multidimensional construct which also contains a subjective assessment of
an individual's oral condition, functional and emotional well-being,
expectations and satisfaction with care and sense of self (Sischo & Broder
2011). It mostly relates to the impact that oral conditions have on the
individual’'s daily functioning such as eating, sleeping and other daily

activities. Indeed, evidence is growing to support links between oral health
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and general health and oral and general quality of life (Scarpelli et al. 2013;

Paula et al. 2015). OHRQoL is mainly based on the following four domains

(Figure 2-1):
Oral symptoms Emotional well-
domain being domain
Oral health related
quality life
Functional Social well-being
limitations domain domain

Figure 2-1 Important domains of OHRQoL

Oral diseases have a negative impact on the functional, social and
psychological well-being of children and their families and dental caries
adversely affects OHRQoL (Filstrup et al. 2003; Pahel et al. 2007; Do &
Spencer 2007). Different scales have been used to measure the OHRQoL of
children, using parent reports, child reports, or both. Across these different
scales there is consistent evidence that higher caries levels are significantly
associated with overall poorer OHRQoL, higher subscale scores for oral
symptoms, and impacts on functional and emotional well-being (Brown & Al-
Khayal 2006; Foster Page & Thomson 2012; Barbosa et al. 2013;
Chakravathy et al. 2013; Pulache et al. 2016). However, some of these
questionnaires are relatively long and not suitable to use in most settings
(Brown & Al-Khayal 2006) or for preschool children.
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A limited number of scales are available for preschool children (Li et al. 2008;
Lee et al. 2011; Tsakos et al. 2012; Abanto et al. 2013). As young children
are often considered unreliable respondents, until recently proxy ratings were
preferred (Jokovic et al. 2003). The Early Childhood Oral Health Impact
Scale (ECOHIS) has been widely used in preschool children (Kumar et al.
2014). It has been shown that preschool children with caries had higher
mean ECOHIS scores (Martins-Janior et al. 2012; Martins-Janior et al. 2013;
Scarpelli et al. 2013; Li et al. 2015), and the severity of early childhood caries
was related to the level of negative impacts on OHRQoL of children and their
parents even after adjustment for child’s age and family socio-economic
status (Abanto et al. 2011; Wong et al. 2011). In addition, increasing child
caries experience was found to be associated with worsening child and
family quality of life. A recent health centre-based cross-sectional study in
Brazil using Brazilian ECOHIS (B-ECOHIS) confirmed the finding even within
different socio-economic strata (Chaffee et al. 2017). This finding is in line
with the finding of another cross-sectional study in Brazil, using the same
scale and reporting that cavitated lesions had an impact on OHRQoL even
after hierarchical adjustment from distal to proximal determinants: socio-
demographic, health perception and oral health condition using Poisson
regression (Gomes et al. 2014). This finding was in agreement with another
matched case-control study (matched by age, sex and family income) with
preschool children (Firmino et al. 2016) and several cross sectional studies
with preschool and school children (Leal et al. 2012; Ramos-Jorge et al.
2014; Ramos-Jorge et al. 2015) using ICDAS criteria. These studies added

an additional finding that carious lesions in more advanced stages of
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progression and higher level of cavitated caries were associated with a

negative impact on the quality of life of children.

Moreover, conditions such as pulpal involvement, dental infection (pufa) and
history of tooth extraction were found to be related to higher ECOHIS scores
(Leal et al. 2012), which was similar to another Brazilian study that used the
Parental Perceptions Questionnaire (PPQ) for preschool children and
reported considerable impact of caries on some aspects of quality of life, i.e.
mainly toothache and problems eating certain foods (Gradella et al. 2011).
Another parental proxy scale, the Infant and Toddler Child Quality of Life
Questionnaire showed that children with chronic and acute dental caries had
a poorer quality of life than caries-free children in relation to behaviour,
mood, pain and parental impact (Easton et al. 2008). However, all these
measures depend on parental responses. It has been argued that patients
themselves are in the best position to assess their symptoms and quality of
life. Besides, children and parents do not necessarily share similar views
about OHRQoL (Theunissen et al. 1998). So, proxy reports may not
represent the reality experienced by the child, but they can supplement the
child’s evaluation (Jokovic et al. 2003). Thus children should be the primary
source of information regarding their OHRQoL (Gherunpong et al. 2004;
Tubert-Jeannin et al. 2005; Bennadi & Reddy 2013) and both child and

parental perspectives should be considered (Ferreira et al. 2012).

By using a self-reported scale namely the Child Perception Questionnaire for
children aged 8-10 years (CPQ 8-10), a study in Brazil reported that decayed

teeth (d/D component) were associated with having negative perceptions of
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oral health status (Martins-Junior et al. 2012). Along with untreated dental
caries, its clinical consequences (PUFA/pufa) were found to be associated
with functional limitations subscale (Mota-Veloso et al. 2016). However,
these studies only considered d/D components, whereas missing and filled
teeth might also have impacts on OHRQoL. The number of decayed and
missing teeth was significantly associated with higher CPQ 8-10 and CPQ
11-14 scores (Barbosa et al. 2013). Similarly using preadolescent CPQ 11-14
and PPQ); a cross sectional study with 1,120 Chinese children showed that
dental caries had a negative effect on children (Li et al. 2014). Further
studies focused on different components of OHRQoL using CPQ 8-10 and
CPQ 11-14, showed that an increase in the number of carious teeth had
negative impact on psychosocial (Portuguese version) (Barbosa et al. 2016),
oral symptom (Pulache et al. 2016), and functional domains (Alsumait et al.
2015). In their study Alsumait and colleagues (2015) measured each
component of DMF and found that preventive treatment had a positive impact
on children's emotional well-being and restorative treatments improved their
oral function. However, this study in Kuwait was a cross-sectional study

hence the findings need to be cautiously interpreted.

Some studies found that other factors, mainly socio-economic position were
also related to the OHRQoL score. For example, a systematic review showed
that children from more advantaged socio-economic backgrounds had better
OHRQoL. Moreover, mothers’ age, family structure, household crowding and
presence of siblings were also significant predictors of children’s OHRQoL
(Kumar et al. 2014). A longitudinal study with Thai children with nine months

follow-up, Gururatana et al. (2014) found that worse OHRQoL at 6-month
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follow-up was predicted not only by untreated caries at baseline but also
socio-economic status; by using structural equation modeling. The influence
of socio-economic status was confirmed by two more cross-sectional studies
in Brazil, which reported that along with dental history, socio-demographic
characteristics (Barbosa et al. 2016), as well as psychosocial variables
(Schuch et al. 2014) had an association with CPQ scores. Interestingly
another Brazilian study using CPQ 11-14 concluded that both socio-
economic and clinical variables had significant impact on both general and
OHRQoL (Paula et al. 2015). This linking of quality of life in terms of general
and oral health leads to the importance of assessing OHRQoL to explain the

association of dental caries with growth of the children.

Measuring oral impacts in children is particularly relevant as oral health can
impact on eating, smiling, speaking and is related to self-esteem, emotional
well-being and social interaction. The Child Oral Impacts on Daily
Performances (Child- OIDP) was developed to assess the prevalence and
severity of impacts of oral conditions and factors related to the impacts
(Gherunpong et al. 2004). Studies that used the Child- OIDP give an insight
into the relationship between oral and general quality of life issues. Studies
from a nationally representative sample in Thailand of children aged 12 and
15 years reported that severity of dental caries was associated with negative
oral impacts on various daily performances, especially eating performance
(Krisdapong et al. 2013a; Krisdapong et al. 2013b). Another study with 5-6-
year-old Thai children reported that dental pain and eating difficulty were the

most prevalent impacts (Krisdapong et al. 2014) and children with low socio-
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economic status were more likely to have high level of caries and subsequent

oral impacts.

A systematic review of child perceptions of OHRQoL showed that, by using
appropriate questionnaire techniques, valid and reliable information can be
obtained from children concerning their OHRQoL (Barbosa & Gaviao 2008)
and a recent study in Brazilian primary healthcare centre showed that the
response on OHRQoL of children of as young as 5 years is not influenced by
their parents (Granville-Garcia et al. 2016). Nevertheless, only a limited
number of self-reported scales for preschool children have been developed.
Using such self-reporting scales, namely Michigan OHRQoL and Paediatric
Oral Health Related Quality of Life, it was shown that children afflicted with
early childhood dental caries had poorer OHRQoL than their healthy
counterparts (Filstrup et al. 2003; Huntington et al. 2011). However, there
were some limitations of these studies. Firstly, there were lack of information
on validation of measurement in some studies (Gilchrist et al. 2014).
Secondly, despite the evidence of impact of potential confounding factors,
some studies did not consider socio-demographic or psychosocial factors
when measuring OHRQoL (Foster Page et al. 2013; Li et al. 2014).
Therefore, these factors should be taken into account when measuring

OHRQoL.

For this project, the recently developed Scale of Oral Health Outcomes for 5-
year-old children (SOHO-5) was used (Tsakos et al. 2012). The advantage of
the SOHO-5 is that it discriminates well between different caries severity

groups, in relation to active caries lesions, pulp involvement and dental
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sepsis (Tsakos et al. 2012; Abanto et al. 2013). The item specific analysis of
SOHO-5 showed that dental caries causes difficulty in eating, drinking,
sleeping, speaking, playing and smiling (due to pain and due to appearance)

(Tsakos et al. 2012).

Given its relatively recent development, the SOHO-5 scale has not yet been
tested in many different countries. Moreover, to date there is no validated
OHRQoL measuring scale available for children in the Bengali language.
Therefore, the translation and validation of the SOHO-5 would be helpful for
future use in clinical and research settings for around 211 million Bengali

speakers in Bangladesh and the Indian State of West Bengal.

Most of the previously discussed studies showed the impact of dental caries
on OHRQoL and did not consider its effect on the child’s height, weight and
BMI, although OHRQoL is reported to be associated with poor general health
(Scarpelli et al. 2013). In line with this, a recent review showed the possible
effects of early childhood caries on both the child's dental health and general
health and well-being (Finucane 2012). Therefore, the contribution of
OHRQoL in order to explain the pathways of association between dental
caries and children’s anthropometric measures needs to be properly
explored. This should also include an individual assessment of important
growth related components of OHRQoL. The following section examines the
specific effect of dental caries on dental pain, eating difficulty, poor appetite
and sleep disturbance and their association with children’s height, weight and

BMI.
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2.7.2 Dental caries and dental pain

Pain is part of the symptoms domain of oral health related quality of life.
Dental pain is also considered as the intermediate factor for impacts of caries
on eating and sleep disturbance. Therefore, this section reviews evidence on
dental caries as a major cause of dental pain, the direct and indirect impact
of dental pain on growth, impact of dental pain on quality of life and

measurement of dental pain.

Dental caries is a common cause of dental pain in childhood (Boeira et al.
2012). One in five children with decayed teeth present with toothache, and
the probability of toothache increases by 5% to 6% for each additional
deciduous tooth with caries (Slade 2001; Tickle et al. 2008) and pain is more
likely in unrestored carious teeth (Tickle et al. 2008). Ferraz et al (2014) in
their study with 540 Brazilian preschool children showed that each
component of pufa was associated with dental pain. Other, more distal
factors related to dental pain include low socio-economic status, restricted
access to dental services, and low maternal education (Goes et al. 2007;

Nomura et al. 2004; Lemes et al. 2015).

Dental pain and infection might have a direct impact on general health and
growth of children through an increase of glucocorticoid production, which
may affect normal growth and general health of children with severe early
childhood caries (Acs et al. 1992; Ayhan et al. 1996; Ohlund et al. 2007).
Although several studies have investigated the association between dental
pain and quality of life, which might indirectly affect growth, direct effects of

dental pain on child’s growth have not yet been fully explored.
63



Dental pain is considered as the most prevalent cause of oro-facial pain
which in turn is associated with poor general quality of life among children
(Kumar et al. 2016). As mentioned earlier, studies examining individual
domains of OHRQoL reported that dental pain was the most important factor
leading to poor OHRQoL (Gradella et al. 2011). Children with caries
experience were more likely to present with dental pain in a recent Brazilian
case-control study with preschool children, where the most frequent
responses on the B-ECOHIS were ‘felt pain' (79.7%) (Firmino et al. 2016).
Similarly, a study in India found that 28% of children were experiencing high-
level oral impacts, of which 58% reported dental pain (Krisdapong et al.
2014). Thus, the presence of dental pain negatively affects children’s

OHRQoL (Ortiz et al. 2014).

However, it can be difficult to identify toothache in young children (Pau et al.
2003), as they may not verbalize their dental pain (Parke 2008). In a review
Pau et al. (2003) recommended the need for standardized measurement
criteria for dental pain as it has many components with strong functional
impacts. Also it is often expressed through changes in behaviour (Baeyer et
al. 2011). Thus, the presence of particular toothache related behaviours
could give insight of toothache among younger children (Versloot et al.
2006). Several studies have focused particularly on the impact of dental pain
on daily functioning, specifically on eating or chewing, drinking, sleeping,
playing, and tooth brushing (Moura-Leite et al. 2008; Moura-Leite et al. 2011;
Bonecker et al. 2012); these were shown to have marked impacts on

children’s psycho-social well-being (Shepherd et al. 1999; Moura-Leite et al.
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2008). Moura-Leite et al. (2008) found that 59% of Brazilian children reported

one or more negative impacts due to dental pain.

These studies have linked dental pain to daily functioning but not directly to
child growth or anthropometric measures. Nevertheless, dental pain induced
problems with eating and sleeping (Daher et al. 2014), which might explain
the link between dental caries and child growth. Associations between dental
caries and eating difficulty, poor appetite and sleep disturbance are reviewed

in the following part.

2.7.3 Dental caries and eating difficulty

A commonly reported impact of dental caries on the functional limitation
domain of OHRQoL is eating disturbance (Jokovic et al. 2003; Pahel et al.
2007; Martins-Janior et al. 2012; Tsakos et al. 2012; Abanto et al. 2014;
Yusuf et al. 2006; Tubert-Jeannin et al. 2005). A recent study showed that
both dental pain and eating problems were major contributing items to child
OIDP (Montero et al. 2016). Also a high prevalence of eating difficulty due to
dental caries, for instance: 35% (Firmino et al. 2016), 46% (Krisdapong et al.
2014), and 37% (Pentapati et al. 2013) was reported by several studies.
Moreover, eating of certain foods was also a commonly reported problem
from children (Gradella et al. 2011). Gradella et al. (2011) analysing
individual component of parental perception questionnaire reported that
having severe caries was significantly related to toothache and problems
eating certain foods among 2-4-year—old Brazilian children. In a cross-
sectional study by Vania et al. (2011) reported changes in diet habits due to

dental caries. Dental pain increases with the simple introduction of food into
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the mouth and chewing, which may cause changes in the diet from solid to
liquid or semi-liquid and reduces the ability to eat a varied diet, with
subsequent reduction of caloric intake (Vania et al 2011; Clarke et al. 2006).
Dental pain is particularly associated with a diet low in fruits, vegetables and
non-starch polysaccharides that may result in a low uptake of fibre and beta
carotene (Sheiham & Steele 2001). Tooth decay may therefore impede the
achievement of dietary goals related to the consumption of fruits, vegetables
and non-starch polysaccharides (Moynihan & Petersen 2004). Thus, difficulty
in chewing or eating and alteration of food preference due to dental caries
(Barbosa et al. 2013; Vania et al. 2011) may contribute to malnutrition (WHO
2003). Barbosa et al (2013) showed that a higher number of missing teeth
correlated with an inferior masticatory performance in older children.
However, in their study they tested the masticatory function by using artificial
component (Optocal plus) that might have impact on the result due to
artificial nature of chewable test material. A psychometric validation study of
a new scale on self-applied ‘Quality of Masticatory Function Questionnaire’
among Brazilian adolescents showed that the caries group had significantly
higher mean scores (worse masticatory performance) in food-mastication,
specially for meat and fruits, compared to children without caries (Hilasaca-
Mamani et al. 2016). This is in agreement with Schroth et al. (2013) who
reported that children with severe early childhood caries had relatively poor
nutritional health compared to caries-free controls and were significantly
more likely to have low vitamin D, calcium, and albumin concentrations and
elevated Parathyroid Hormone (PTH) levels. Moreover, severe early

childhood caries may be a risk marker for iron deficiency anemia as children
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with severe early childhood caries showed inadequate iron intake with low
serum ferritin, iron depletion, and iron deficiency, and appear to have
significantly lower haemoglobin levels (Clarke et al. 2006; Schroth et al.
2013). In a recent study in India, Bansal et al. (2016) reported that severe
early childhood caries is strongly associated with iron deficiency anemia and
lower body weight. One criticism of this study was the small sample size, as
this study considered only 30 children with severe early childhood caries and
30 controls with caries status <2 deft (decayed, extracted and filled teeth),
without a caries-free comparison group. Although this study collected data on
OHRQoL, the data analysis did not assess whether OHRQoL, particularly
eating difficulty, contributed to explain the association with body weight.

Protein-energy malnutrition and deficiencies of iron and iodine early on in life
can lead to compromised growth and contribute to children not reaching their
developmental potential (Black et al. 2013). In addition to this, other
micronutrients, mainly iron, vitamin A, iodine, and zinc, also play a role in
development and deficiencies of these essential micronutrients have an
impact on poor growth (Wasantwisut 1997; Katona & Katona-Apte 2008)
which is a serious public health concern in most LMICs (Caulfield et al. 2006;
Chakravarty & Sinha 2002). Prosthetic rehabilitation of children with multiple
teeth extraction due to dental caries showed improved masticatory function
that contribute to the development of normal dietary habit (Sacramento et al.
2011). Therefore, the associations between dental caries, nutritional

deficiency and poor growth warrant further investigation.
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2.7.4 Dental caries and poor appetite

If dental caries remains untreated it may lead to infections and inflammation
(acute and chronic) and result in similar immune responses and production of
inflammatory mediators (cytokine mechanism) as a general infection (Hahn
et al. 2000; Soet et al. 2003). Loss of appetite is a universal sign of infection.
Infection from dental caries and pulpal involvement may therefore reduce
appetite in children in a similar way to other infectious diseases (Langhans
1996; Plata-Salaman 1996), and the resulting decrease in food consumption
might lead to under nutrition (Stephensen 1999). Some children react to
dental pain with decreased appetite and increased irritability (Thomas &
Primosch 2002). So far, only one RCT using a specific appetite scale showed
that dental treatment could improve children’s appetite significantly (Alkarimi
et al. 2012). However, loss of appetite due to dental caries and its impact on

children’s height and weight has not been thoroughly studied yet.

2.7.5 Dental caries and Sleep disturbance

Another impact of dental caries on quality of life is sleep disturbance, which
may indirectly affect child growth (Alkarimi et al. 2014). This section reviews
the importance of sleep for healthy growth of children in general and then in

particular the evidence on sleep disturbance due to dental caries.

Sleep disturbance is one of the most common medical concerns during
childhood, which is associated with different environmental factors and other
health conditions (Dewald et al. 2010; Jerneldv et al. 2013; Serra-Negra et al.

2014; Arora et al. 2014). Insufficient sleep, poor sleep quality, irregular
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bedtimes in children and adolescents are related to poorer cognitive
performance (Kelly et al. 2013; Dewald et al. 2010), day time sleepiness,
anxiety, depression, attention deficit and behavioural disorders (Ohayon et al.

2000).

Normal sleep, especially slow wave sleep, is essential for child growth as
approximately 70% of the growth hormone pulses during sleep coincide with
slow wave sleep, and the amount of growth hormone secreted during these
pulses correlates with the concurrent amount of slow wave sleep (Cauter &
Plat 1996). There is good evidence that disturbed sleep due to adenotonsillar
hypertrophy and sleep disordered breathing in children is a risk factor for

growth failure (Bonuck et al. 2006; Strading 1990).

Dental caries leading to pain is a major cause of sleep disturbance in children
(Shepherd et al. 1999; Moura-Leite et al. 2008; Moura-Leite et al. 2011;
Abanto et al. 2011; Martins-Janior et al. 2013). Nevertheless, few studies
have been conducted on the impact of sleep disturbance due to dental caries
on the growth of children. A cross sectional study in India reported that 3-6-
year old children had problems falling asleep and maintaining sleep due to
dental pain from caries. However, this study did not use a standard sleep
disturbance scale and did not consider a healthy comparison group in their

sample (Acharya & Tandon 2011).

Sleep disturbance due to caries may have impact on child growth as it is
hypothesized that continuous waking during the night inhibits a relaxing slow

wave sleep, with consequent stress and nervousness causing more
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glucocorticoid secretion and deeper inhibition of growth hormone release
(Acs et al. 1992; Sheiham 2006; Vania et al. 2011). This is in accordance
with Duijster et al. (2013), who reported from a RCT conducted in the
Philippines that decreases in oral health impacts on sleeping appeared to be
most strongly associated with weight gain after dental treatment. However,
the pattern of sleep disturbance in children due to dental caries and its
association with anthropometric measures has so far not been explored in

depth.

In the light of the aforementioned studies it can be hypothesised that dental
caries may have negative impacts on children’s quality of life and growth.
The effect of dental treatment on improvement of OHRQoL and weight gain

will provide further evidence of this association.
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2.8 Effect of dental treatment on children’s quality of life and

body weight

2.8.1 Improved OHRQoL after dental treatment

Dental treatment can make a significant difference to the psychological and
social aspects of life of a child (Sheiham 2006). Studies investigating parental
perceptions of their child’s quality of life following dental rehabilitation found
that treatment of dental caries leads to significant improvements in pain,
eating ability, quality of food eaten and sleep habits (Low et al. 1999; Acs et
al. 2001; Anderson et al. 2004; Malden et al. 2008; Cunnion et al. 2010). An
RCT of 3-5-year-old children showed that dental treatment improved
OHRQoL of preschool children (Abanto et al. 2016). However, the sample
size of this study was only 100 parent-child pairs and the follow-up period
was only 7-14 days after treatment. Another study using dental discomfort
qguestionnaire showed that dental treatment of children led to reduced
toothache-related behaviours (eight questions on problem with tooth
brushing, problem with chewing, avoid certain foods, crying during meals),
although chewing or biting problems still persisted in some children after

extraction of teeth (Versloot et al. 2005).

Children’s self-reports also showed that treatment of early childhood caries
improved their OHRQoL in a significant way (Filstrup et al. 2003; Abanto et
al. 2013). Interestingly, children as young as 36 months were able to report
their perceptions of improvement of their OHRQoL after dental treatment.
Moreover, an innovative interventional study in Tanzania with 1,306 school

children, where study participants were allocated into three groups: 104
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children in Group A (atraumatic restorative treatment); 117children in Group
B (atraumatic restorative treatment and tooth extraction), and 1,085 children
Group C (oral hygiene instruction), collected data at the baseline and follow-
up data after six months. The study observed that Child-OIDP score changed
differently for different treatment intervention groups, where improvements
following dental extraction and filling group were more than the other two
groups (Mashoto et al. 2010). By using CPQ 8-10 de Paula et al. (2015)
reported that children with dental caries showed significant improvement in
OHRQoL four weeks after treatment. In a systematic review on change in
children's OHRQoL following dental treatment under general anaesthesia for
the management of dental caries, Knapp et al. (2017) reported that treatment
under general anaesthesia appears to result in overall improvements in
proxy-reported OHRQoL. However, these studies did not consider the height
and weight of the children and heterogeneity of included papers limited the
conclusions that could be drawn. Thus there is a need for further high-quality
studies employing validated, child-reported measures of OHRQoL (Knapp et

al. 2017).

2.8.2 Weight gain after dental treatment

Finally, studies that considered both OHRQoL and growth provide further
evidence of an impact of dental caries on anthropometric measures via
OHRQoL. Alkarimi et al. (2012) in her RCT showed that children who
received treatment for dental caries had significantly less pain, less sepsis

and higher satisfaction with teeth, improved smile and appetite compared to
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controls. However, this study failed to show any improvement in growth,

which may be due to the short follow-up period.

The result was accordance with Thomas & Primosch (2002) who reported
from their interventional study on 50 children aged 2-7-year-old in Florida that
following dental rehabilitation under general anaesthesia there was
significant improvement in the children’s quality of life but the increase in the
mean percentile weight was non-significant. In addition, Duijster et al. (2013)
from a RCT in the Philipines found that there were improvements in oral
health related impacts, especially on sleeping, after extraction of severely
decayed teeth in underweight children that were associated with weight gain
after extraction. Another interventional study among 100 preschool children
(50 children with severe early childhood caries, 50 without caries) of lower
socio-economic status in India reported that at base line 40% children
complained pain, 24% reported avoidance of hard food and 12% complained
sleep disturbance and 18% noticed weight loss. After six months of dental
rehabilitation, the study reported a significant improvement in weight and
quality of life (Gaur & Nayak 2011). However, that study did not measure
overall OHRQoL by using a valid questionnaire and the justification of small

sample size was not made.
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2.9 Theoretical model of hypothesised mechanisms for how

caries could affect children’s height and weight

Theoretical frameworks that focused on consequences of dental caries may
provide a comprehensive understanding on underlying mechanism of the
association between dental caries and child growth. The review of the
literature suggests that severe untreated dental caries could lead to pain and
infection and poor OHRQoL, which in turn may affect child growth. Potential
mechanisms include reduced food intake and disturbed sleep. Previously
Alkarimi et al. (2014) proposed a conceptual model to illustrate these
associations. However, due to the complexity of that model it would be
difficult to test that model through any study. Therefore, the following
conceptual framework depicted in Figure 2-2 was adapted from Sheiham
(2006) and Alkarimi et al. (2014) and shows the hypothesized mechanism of

how caries might affect children’s height and weight:
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Figure 2-2 Hypothesised mechanisms linking dental caries to children’s height and
weight
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2.10Summary and gaps in current knowledge

Dental caries and underweight are key public health issues affecting children
at an important phase of their development. But, there is still little research on
the associations between these two conditions, particularly in the population

of Bangladesh.

Most of the reviewed studies have examined links between either dental
caries and anthropometric measures, or dental caries and quality of life, but
have not considered these factors together. Moreover, the effects of
individual important components of OHRQoL on anthropometric measures
have rarely been assessed. Therefore, this thesis aims to address this gap in
scientific knowledge by exploring, in detail, how dental caries is associated
with children’s height and weight via OHRQoL, particularly via caries related
dental pain, eating difficulty, poor appetite, and sleep disturbance while

taking potential confounding factors into account.
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2.11 Study aim, objectives and hypotheses

Aim

The primary aim of this study was to assess the associations between dental
caries and anthropometric measures among 5-9-year-old Bangladeshi
children. A secondary aim was to examine the possible factors underlying
these associations, that is, the effect of OHRQoL and particularly that of
experience of dental pain, eating difficulty, loss of appetite and sleep

disturbance.

Objectives

The specific objectives of this thesis were:

1. To adapt a measure of OHRQoL for young children (SOHO-5) to the
Bengali language and to evaluate the validity and reliability of the Bengali

SOHO-5 instrument.

2. To examine the associations between dental caries and dental sepsis with
anthropometric measures (age adjusted height, weight, and BMI) of the

children.

3. To examine the role of OHRQoL on the association between dental caries

and sepsis and anthropometric measures of the children.

4. To explore the specific role of experience of dental pain, eating difficulty,

loss of appetite, and sleep disturbance due to dental caries on the
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association between dental caries and sepsis and anthropometric measures

of the children.

Study hypotheses

Hypothesis for objective 2

The hypothesis related to this objective was that dental caries and sepsis
would be inversely associated with children’s age adjusted height, weight and

BMI.

Hypothesis for objective 3

The working hypothesis of this objective was that dental caries and sepsis
results in oral impacts (i.e. impaired / compromised OHRQoL), which in turn
are negatively associated with age adjusted height, weight and BMI of

children.

Hypothesis for objective 4

The hypothesis related to this objective was that dental caries and sepsis
results in dental pain, eating difficulty, loss of appetite and sleep disturbance;
these factors are hypothesized to partly or fully explain the inverse
association between caries and sepsis with age adjusted height, weight and

BMI of children.
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Chapter 3 Methodology
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3. Methodology

This chapter presents an overview of the study’s geographical location,
research design, study population, study measures, data collection

methods, and data analysis plan.

3.1 Study location

The data collection was carried out in the city of Dhaka in Bangladesh
(Figure 3-1). Bangladesh is a lower middle income country in South East
Asia with a total land area of 130,172 square kilometres and total

population of 163 million people (UN 2016).

Dhaka is the capital city of Bangladesh with an area of 1,528 square
kilometres. It is one of the most densely populated cities in the world, with
a total population of 17 million people and more than 45,000 people per
square kilometre. Per capita average income is $1314 per year

(Bangladesh Bureau of Statistics 2014).

80



Figure 3-1 Study location:

Bhutan

Dhaka, capital city of Bangladesh
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3.2 Study design and sampling

The study was conducted as a cross-sectional observational study.

3.2.1 Sample selection

The study was conducted among 5-9-year-old children and their parents.
The age range of 5-9 years was chosen based on the following
considerations. Firstly, although childhood is a period of continuous
growth, the growth between the ages of 5-9 years is relatively stable
(Tanner & Whitehouse 1976). The upper age limit was set at 9 years
before the start of any pubertal growth (Harvey 1995; Rogol et al. 2000).
Secondly, to meet the objectives of the study it was considered important
to include children’s own reports of their oral health related quality of life. It
has been suggested in the literature that the ability to answer a self-
reported pain and problem related questionnaire usually improves
considerably from the age of 5 (Landgraf & Abetz 1996). Children as
young as 5 years of age can provide reports on pain (Connolly & Johnson
1999). Therefore, the lower age limit for this study was set at 5 years.
Moreover, the outcome measures used in this study are based on WHO
child growth standards, which are reported for children aged 0 to 59

months and children aged 5 to 19 years separately (WHO 2007).

Although Bangladesh has been considered as a country with a low level of
dental caries (Petersen 2003), so far no representative epidemiological
studies have assessed caries levels in children of Bangladesh. To meet

the objectives of this study it was important to include children with a
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range of caries levels. The study population was therefore selected from
two settings: a clinical setting (a large dental teaching hospital), and a
community setting (three local schools in the neighbourhood of the

hospital).

Hospital sample

Participants were recruited among children receiving dental treatment at
the Department of Paediatric Dentistry, Dhaka Dental College Hospital,
which is the largest dental educational institution and dental hospital in
Bangladesh. It is the only Government Dental Hospital in Bangladesh

where people can access free dental treatment (DDCH 2017).

School sample

Dhaka Dental College Hospital is located in the Mirpur Thana area of
Dhaka city. The schools were selected from the same area. In Mirpur
Thana there are 55 schools (Online Dhaka 2014), of which 26 schools are
situated within five kilometres vicinity of the hospital. Of those 26 schools,
five schools were randomly selected and contacted to ask whether they
would be willing to take part in the study. Three primary schools agreed to
participate and gave permission for data collection: Model Academy,
Kallyanpur School and Bashiruddin Primary School. All the children of
year one and two (aged between 5-9 years) attending these schools and

their parents were invited for the study.
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3.2.2 Inclusion/exclusion criteria

Children aged 5-9 years coming for dental treatment to the hospital dental
clinic between August 2015 and October 2015 and all students of year one
and two in the primary schools were invited to join the study. The age of
starting school varies in children of Bangladesh and year one and two

children mostly cover the 5-9 year age group.

Children older than nine years, children with any systemic diseases and
children who had acute infections, fever or diarrhoea during the week
preceding the data collection were excluded. Students who took part in the

pilot study were also excluded from the main study.

3.3 Ethical approval

Ethical approval was obtained from the UCL Research Ethics Committee
and ‘National Research Ethics Committee of Bangladesh’ through the
Bangladesh Medical Research Council. Permission was obtained from the
director of the hospital and the principals of the primary schools to run the
study in their institutions (Appendix 2). The parents were asked for written
consent before their and their child’s participation in the study (information

sheet and consent form can be found in Appendix 3).

84



3.4 Pilot study

A pilot study was conducted in January 2015 in Bangladesh. The

methodology for the pilot study is presented in Appendix 4.

3.4.1 Objectives of the pilot study

1. To test the adequacy, feasibility and appropriateness of the research
instruments.

2. To assess the likely success of the proposed recruitment approaches.
3. To identify and resolve any potential logistical problems before running
the main study.

4. To collect data to facilitate the sample size calculation for the main

study.

3.4.2 Results of the pilot study

The pilot study achieved a sample size of 272 children, of whom 127 were
recruited from the hospital setting and 145 were from one of the primary
schools (Model Academy). The response rate for the parental
guestionnaire was 100% for the parents of the hospital sample and 65%
for the parents of the school sample. The overall response rate was
82.5%. The pilot study demonstrated the overall feasibility of the
procedures adopted for the study and suitability of the research
instruments. However, it also identified some potential difficulties and
resulted in some minor modifications of the procedures of questionnaire
administration (the parental questionnaire used in the pilot study and

details of amendments of the questionnaire following the pilot study are
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presented in Appendix 4). The final versions of the questionnaires for

parents and children used for the main study are presented in Appendix 5.

3.5 Calculation of the final sample size

The required sample size for the main study was calculated using the
results obtained from the pilot study. The total sample of the pilot study
(272 children) was divided into tertiles based on the severity of dental
caries, assessed by dmft/DMFT index, which resulted in the following

three groups:

e Group 1 (no caries or low level of caries): children with dmft+DMFT
of O to 1,

e Group 2 (moderate level): children with dmft+DMFT of 2 to 4,

e Group 3 (severe level): children with dmft+DMFT of 5 or higher.

Mean BAZ scores were calculated for children with low, moderate and
severe levels of dental caries. The mean difference in BMi-for-age z-
scores (BAZ) between groups 1 and 2 was 0.36, while between groups 2
and 3 it was 0.37. The out comes of this study were in z-scores, which
means a z-score of 1 represents 1 standard deviation (SD) of the
reference population mean of 0. The pilot study found a difference slightly
larger than 0.33 (or one third) of an SD; So, the sample size calculation
was carried out considering BAZ scores difference of 1/3 of a standard
deviation between two caries groups, and standard deviation of 1 (as

recommended by WHO) (Rousham et al. 2011).
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Based on this calculation and considering 80% power and with the level of
statistical significance (a) set at 0.05, the minimum required simple size
was 145 children in each group (Appendix 6), resulting in a total of 435
children for three groups. The Open Epi version 3 online calculator has
been used for this calculation (Dean et al. 2015). Considering a design
effect of 1.5 (Killip et al. 2004), the estimated sample size became 653.
Finally, assuming a response rate of 82% (following the results from the
pilot study), the final total estimated sample size needed for the study was
797. The sample size was calculated so that the study would be able to
detect a difference between the groups of one third of a standard

deviation, as this was considered a meaningful difference.

3.6 Data collection

Data for the main study were collected over three months between August
and October 2015. The data collection consisted of clinical (dental and
anthropometric data) and non-clinical parts (questionnaire data). Figure
3-2 presents different types of data that were collected from children and

their parents.
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Children Parents

|
. . I
Non-clinical data

(interviewer administered
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Non-clinical data

(Self- administered
questionnaires)

Clinical data

Clinical dental Anthropometric

data data

Figure 3-2 Types of data collected from the study participants

3.6.1 Developing contacts with hospital and school staff

Initial preparation included making contact with the hospital and school
authorities, recruitment of study participants and consent procedures.
Permission was obtained from the hospital and school authorities. Before
beginning the main study, face-to-face meetings were organized between
the researcher (PhD candidate) and the principal or head teacher of each
of the schools and the director of Dhaka Dental College Hospital and
respective duty doctors of the Department of Paediatric Dentistry. The
purpose of the meetings was to present the research objectives, seek
collaboration and agree suitable dates and times to run the survey. Then
meetings were conducted with the respective class teachers regarding

their cooperation for distribution of information sheets and obtaining
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parental consent, and for the distribution and collection of parental

guestionnaires.

Study incentives: A toothbrush and toothpaste was given to every child
surveyed as an incentive at the end of the survey for both settings.
Additionally, at the end of data collection in each school section, a brief
educational session including a tooth brushing demonstration was carried

out to improve oral health awareness among children and teachers.

3.6.2 Recruitment of field investigators

In the survey team, there were six dentists (three dentists to carry out
clinical oral examinations and three recording assistants). Five other
investigators took anthropometric measurements and conducted
interviews. Care was taken to recruit research team members who were
enthusiastic and skilled, with experience in fieldwork in dental research. All
recruited dentists had completed their internship and had experience of

collecting survey data in Bangladesh.

3.6.2.1 Training and calibration of the survey team

The training and calibration was conducted in the paediatric department of
the hospital. Initial contact was made with the hospital authority to run the
training programme. An intensive two days training programme was
conducted to ensure the survey team was fully familiar with the criteria and
procedures involved in the clinical oral examination. After the training

sessions a calibration test was conducted on caries detection with the
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survey team. Further details on the training and calibration procedure are

presented in Appendix 7.

Cohen’s un-weighted Kappa coefficient was used to assess overall
agreement within and between examiners (inter and intra-examiner
consistency) in caries assessment. For the calibration, dental caries was
defined as visible carious lesions with cavitation into the dentine and the
tooth was taken as a unit of analysis. The average Kappa for the intra-
examiner reproducibility was 0.92 and for the inter-examiner reproducibility
(compared to one examiner as standard) was 0.88, revealing very good

agreement.

During the main data collection, repeat oral examinations were carried out
by one member of survey team (PhD candidate) on 20 randomly selected
children one week after the first clinical oral examination. The average
Kappa for diagnosis of visible cavitated caries lesions was 0.83, again

indicating very good agreement.

3.6.2.2 Training on height and weight measuring and interviewing

A separate part of the training was on taking accurate height and weight
measurements (procedure is presented in section 3.6.4.2). Interviewers
were also trained beforehand on administration of the questionnaire and

conducting interviews with the children in a friendly manner.
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3.6.2.3 Daily log and periodic meetings

A daily log was maintained during the whole period of data collection and
was shared with other examiners every day. The daily log had information
on the place where data collection was undertaken, number of children
surveyed, attendance of field staff and difficulties faced. Besides
maintenance of the research log and daily discussion, a weekly meeting
was organized by the researchers to do a retrospective analysis of the

work done; difficulties and challenges faced and plan for the future work.

3.6.3 Recruitment of study population

3.6.3.1 In the school setting

All eligible children were given an information sheet and consent form
(Appendix 3) through their class teachers to take home to their parents.
The information sheets clearly explained the purpose of the study,
procedures involved, the anonymity of participation, as well as that the
participation was entirely voluntary and participants were free to withdraw
at any time from the study without giving a reason. All clinical

examinations and interviews took place in the classroom.

3.6.3.2 In the hospital setting

The parents of the eligible children were approached when they came to
the pediatric dental department of Dhaka Dental College Hospital for their
child’s dental treatment. The parents of 5-9-year-old children were first

invited verbally to take part in the study. The parents were then given the
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information sheet and a consent form to sign. The study procedure was
also explained to the child. Those children whose parents agreed and
signed the consent form were recruited into the study. A separate room

next to the out-patients’ examination room was used for the study.

3.6.4 Collection of clinical data

All participating children underwent clinical dental examinations, as well as

height and weight measurements.

3.6.4.1 Dental examinations

The dental examinations of the children were conducted following WHO
guidance for oral health surveys (WHO, 2013). A non-invasive clinical
dental examination was performed to measure children’s dental caries
experience. Criteria for assessing dental caries were adopted from the
criteria that were used in the Children’s Dental Health Survey 2013, UK
(CDHS 2013) (Pitts et al. 2015). Dental examinations were conducted
visually by dentists using hand torchlight with blue-white colour spectrum
and a disposable plastic dental mirror, and following standard cross
infection procedures. Examinations were done with the children sitting
straight on a stool. Each child was examined by a dentist wearing a new
pair of gloves and using disposable sterile instruments, and all used
disposable instruments was discarded. The procedure for the dental
examination, and the clinical assessment form used in the study are

shown in Appendix 8.
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3.6.4.2 Collection of anthropometric data

In this study both height and weight measurements of the children were
taken as indicators of child growth. Height is considered as the best single
index of growth (WHO 1995). Weight increase is taken as an indicator of
satisfactory growth (Jolley 2003). Measurement of weight is useful if it is
linked to height and age (Tanner 1976; WHO 1995). Also both measures

were needed to calculate BMI.

Weight and height were measured in accordance with the Food and
Nutrition Anthropometric Indicators Measurement Guide (Cogill 2003).
Height was measured with the child standing without shoes using a
portable stadiometer (Leicester height measure). Weight was measured
with the child standing and wearing light clothes and not wearing shoes,
by using a pre-calibrated digital Seca scale. Two measurements were
taken for each child and the average was used for the analyses. The
detailed procedures of the anthropometric measurements and the height

and weight assessment forms are presented in Appendix 9.

3.6.5 Collection of non-clinical data

Non-clinical data were collected through questionnaires. Children in both
settings completed an interviewer-administered questionnaire, which took
no more than five to six minutes to complete, while their parents were
requested to complete a self-administered questionnaire. The full
questionnaires are shown in Appendix 5 and variables measured via

questionnaires are summarized in Table 3.1
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3.6.5.1 Interviewer-administered questionnaire for children

The Scale of Oral Health Outcomes for 5-year-old children (SOHO-5)
guestionnaire was used for the children (Tsakos et al. 2012). The SOHO-5
is an interviewer-administered questionnaire that was developed to assess
the OHRQoL in young children through self-reports (Tsakos et al. 2012).
SOHO-5 was used in this study because it is an internally consistent and
validated measure. It contains seven questions assessing oral health-
related impacts on daily life (described in section 3.7.3.1). Both a child and
a parental version of the SOHO-5 are available. Initially validated in
Scotland (UK), the SOHO-5 was also tested and validated in Brazil,
showing agreement in mother and child responses (Abanto et al. 2014)
and responsiveness to change after treatment of dental caries (Abanto et
al. 2013). Moreover, the questionnaire is short with child friendly answer
options that make it favourable to use in both research and clinical
settings. In addition to SOHO-5, questions on toothache experience and
satisfaction with oral health, and presence of holes in the teeth were

included in the child questionnaire.

3.6.5.2 Self-administered questionnaire for the parent

In the school setting, the parental questionnaire was sent home with the
child to be filled in by the parent, and returned to the class teacher.
Detailed written instructions on how to fill in the questionnaire were
provided to the parents. The telephone number of the researcher (PhD
candidate) was also provided, in case parents needed further clarification,

and the class teachers were also trained to clarify questions if needed. In
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the hospital setting the parents completed the self-administered
questionnaire during the time of their child’s examination. However,
parents who were unable to read and write were assisted to fill the
guestionnaire. The parental questionnaire had different parts. It contained
the SOHO-5 parental questionnaire; questions on dental pain, eating
difficulties, appetite, sleep disturbance, socio-economic background; as
well as questions about markers of early childhood health and nutritional

status (Brown et al. 1995; Bruni et al. 1996).

Table 3.1 Summary of variables measured in questionnaires

Variables Child Parental

guestionnaire questionnaire

OHRQoL: SOHO-5 child or v \'

parental questionnaire

Dental pain v A"
Appetite v
Eating difficulty \'A
Sleep disturbance \'A
Parental height and weight, \

socio-economic factors and
markers of early childhood

health and nutritional status
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3.6.5.3 Cross-cultural adaptation of questionnaires

This section will provide a detailed account of the procedures followed for
the cross-cultural adaptation of the questionnaires (child and parental) to

use among the Bangladeshi population.

It is important that questionnaire translations are carried out with sensitivity
to the local culture where the questionnaire would be administered
(Acquadro 2009; Guillemin et al. 1993; Beaton et al. 2000). The
guestionnaires were developed in English and were translated into Bengali

(Appendix 5).

The questionnaires went through forward-backward translation by three
independent people who were not familiar with the field of study and
constructs used in the questionnaire. First, two native Bengali speakers
who are proficient in English worked independently to produce forward
translation of the original questionnaire into Bengali. Then a consensus
version was established by reconciling the differences between the
translated versions. The consensus version was then backward translated
into English by an independent person who is proficient in both languages
(English and Bengali) and who was not involved in the forward translation
process in order to ensure that the true meaning of the questions is not
lost and the Bengali version carried the same questions as the English

one.

The resulting backward translation was checked by the main researcher

for discrepancies with the original English version, which revealed no
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discrepancies, incorrect response categories or missing words/phrases.
Therefore, the interpretations of the original questions were judged as

adequate and the resulting Bengali translation was adopted for the study.

3.6.5.4 Validity and reliability test of Bengali SOHO-5.

The Bengali SOHO-5 was evaluated for validity (face, content and
construct validity) and for reliability (internal consistency and test-retest
reliability). The details of the validation and reliability testing, and relevant

data analyses, are described in Appendix 10.

3.7 Study measures

Dental caries and dental sepsis were the main clinical exposures and
height, weight and BMI were the main outcomes of the study. OHRQoL,
experience of dental pain, eating difficulty, loss of appetite and sleep
disturbance were included as potential mediators. Age, sex, parental
socio-economic position, the markers of early childhood health and
nutritional status and parental height and weight were considered as

confounders in this study.

97



3.7.1 Outcome variables

Height, weight, and BMI were converted to z-scores, namely height-for-
age z-scores (HAZ), weight-for-age z-scores (WAZ), and BMI-for-age z-
scores (BAZ) using WHO standard references 2007 (for children older
than 5 years old) (Onis et al. 2007). The use of z-scores allowed
comparisons of individual's weight, height or BMI, adjusted for age and
sex relative to a reference population, expressed in standard deviations
(SD) from the reference mean. The z-scores were calculated using Stata
13 and a Stata add-in called zanthro (Vidmar et al. 2013). Histograms for
the three outcomes (HAZ, WAZ and BAZ scores) are shown in Figure 3-3.
The measures were normally distributed and were used in the analyses as

continuous variables.
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Figure 3-3 Histogram of the distribution (percent) of anthropometric outcomes:
HAZ, WAZ and BAZ in the study population (N=788)
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3.7.2 Exposures: dental caries and dental sepsis

Two separate exposures were considered in this study: dental caries and

dental sepsis.

Dental caries: dmft + DMFT

The main exposure was children’s dental caries experience, measured
using the dmft and DMFT indices (lower case letters for the deciduous and
upper case letters for the permanent dentition). As described in the
literature review section 2.1, the dmft/DMFT is an aggregate measure of
visually distinct cavities in dentin (d/D), teeth missing due to caries (m/M)

and filled (f/F) deciduous and permanent teeth (dmft+DMFT).

Dental sepsis: pufa + PUFA

Measuring dental sepsis is also important because previous research has
shown that caries progression into the pulp (odontogenic infections) is
associated with an increased risk of being underweight (Benzian et al.
2011). As mentioned in Chapter two, section 2.1; the pufa and PUFA
index records the presence of severely decayed teeth with visible pulpal
involvement (p/P), ulceration caused by dislocated tooth fragments (u/U),
fistula (f/F) and abscess (a/A) for deciduous (pufa) and permanent (PUFA)
teeth (Monse et al. 2010). The pufa/ PUFA index was used to indicate
dental sepsis. Figure 3-4 shows the histograms for dental caries and
sepsis, which were positively skewed (longer right tail) with a high

percentage of zeros.
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Figure 3-4 Histogram of the distribution (percent) of dental caries and sepsis in the
study population (N=788)

Categorization of dental caries and sepsis

For analysis purposes, the dmft+DMFT scores were categorised into 4
groups where the caries free children formed a distinct group (26.8%), and
those with dental caries experience were divided into tertiles, where 26.6%
were in the mild caries tertile (dmft+DMFT = 1-2), 29.9% were in the
moderate caries tertile (dmft+DMFT = 3-5) and 16.6% were in the severe

caries tertile (dmft+DMFT = 6-15) (Figure 3-5).
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Figure 3-5 Dental caries groups, by setting and in overall sample (N=788)

Dental sepsis was dichotomised into ‘no sepsis’ (pufa+PUFA = 0) (64.2%)
and ‘having any sepsis’ (pufa+PUFA > 0) (35.8%) groups (Figure 3-6).
The binary classification was used due to a high proportion of children with

a score of zero.

Dental sepsis

1. No sepsis ) 2. Having any sepsis
pufa+PUFA=0 pufa+PUFA=1-14(max)
n (%) n (%)
Hospital=95 (40.1) Hospital=142 (59.9)
School=411 (74.6) School=140 (25.4)
Total =506 (64.2) J Total =282 (35.8)

Figure 3-6 dental sepsis groups (dichotomized), by setting and in overall sample
(N=788)
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3.7.3 Potential mediators

3.7.3.1 Oral health related quality of life (OHRQoL)

SOHO-5: Child self-report

The SOHO-5 contains seven questions to assess oral health-related
impacts, including difficulty in eating, drinking, speaking, playing and
sleeping, avoid smiling due to appearance, and avoid smiling due to pain.
All questions were assessed by using a 3-point scale with the answering
options ‘no’ (coded 0), ‘a little’ (coded 1) and ‘a lot’ (coded 2). A cumulative
SOHO-5 score, calculated for the seven items on oral health-related
impacts, reflects the overall presence of oral health-related impacts. The
total scores were dichotomized into ‘score 0 = No oral impacts’ and ‘score
1-14 = Any oral impacts’. The child’s self-reported SOHO-5 was used in
the analysis, as self-report is considered as better than proxy report
(Tubert-Jeannin et al. 2005). The distribution of SOHO-5 score was also

positively skewed, with 43.4% of children with score 0 (Figure 3-7).

40

30
!

20

10
!

SOHO-5

Figure 3-7 Histogram of distribution (percent) of child reported SOHO-5 scores
(N=788)

103



3.7.3.2 Dental pain

The child questionnaire also contained a question about dental pain
experience. Children were asked: “Have your teeth ever hurt you?”
Possible answer options were: “no”, “a little”, and “a lot”.

For further analysis this variable was converted into a dichotomized

variable (‘no experience of dental pain’ versus ‘experience of dental pain’)

by merging ‘a little’ and ‘a lot’ responses together.

3.7.3.3 Eating difficulties

Eating difficulties were assessed by asking about the child’s ability to eat
three commonly eaten food groups in Bangladesh: rice and bread; meat
and fish; fresh fruits and vegetables. For each food type, parents were
asked “Was your child’s ability of chewing/eating ever hampered due to

problems with the teeth?” Possible answers were:

e 0= Good ability (not hampered)
e 1 = Mildly hampered

e 2 = Moderately hampered

e 3 = Seriously hampered

The average Pearson’s Correlation Coefficient of the three items was 0.8
(P>0.001) and Cronbach alpha was 0.92. The responses for each of these
three types of food were added together to form a scale ranging from 0 (no
eating difficulty) to a maximum value of 9 (severe eating difficulty). For
descriptive and regression analyses, the scores were dichotomised to
distinguish between children whose parents reported no eating difficulties

(score 0) and any eating difficulties (total score 1-9).
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Parents were also asked “Does the child try to avoid hard food due to
problems with the teeth?” (Gaur & Nayak 2011); “Does the child prefer to
chew on one side?” (Versloot et al. 2006; Daher et al. 2014) and “Do you
need to make any change in food preparation due to dental problem of
your child?” Possible answers were “never”, “sometimes” and “often”.
These questions were added in the questionnaire to get a better picture of
eating difficulties due to dental problems. However, as the responses of
the questions were correlated with the eating difficulty score (average
Pearson’s correlation coefficient of 0.54, p<0.001), they were not included

in the final analyses.

3.7.3.4 Poor appetite

Children’s general appetite was assessed by a 5-point appetite scale
(Brown et al. 1995) in the parental questionnaire. This instrument has
been used previously in dental research (Alkarimi et al. 2012). Parents
were asked how they would rate their child’s appetite. The answers were
given on a Likert scale ranging from 1 to 5, where 1 indicated very good

appetite and 5 indicated very poor appetite.

For assessing the specific impact of dental problems on reducing appetite,
parents were asked ‘Do you think dental pain is causing poor appetite of
your child?” Possible answers were “yes”, “no” and “not applicable”. For
analysis purposes this was converted into a dichotomized variable as

‘reduced appetite due to dental cause” and “no reduced appetite due to

dental cause”, by merging “no” and “not applicable” categories together.
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3.7.3.5 Sleep disturbance

To assess caries related sleep disturbance, parents were asked “How
frequently does toothache cause the child’s sleep disturbance?” Possible

answers were:

e Never

e Once or twice in life

e Several episodes in a year

e Several episodes in a month

For analysis purposes the measure was converted into a binary measure
due to a high percentage of ‘never’ responses. The resulting categories
were ‘no experience of sleep disturbance due to toothache’ (those who
responded ‘never’), and ‘any experience of sleep disturbance due to

toothache’ (any other answer).

In addition, seven questions for assessing initiation and maintenance of
sleep from the ‘sleep disturbance scale for children’ (Bruni et al. 1996)
were used in the parental questionnaire (details on questions and scoring
are shown in Appendix 11). However, the obtained scores from the sleep
scale were not used in any analysis, as they were not significantly

associated with the anthropometric outcomes.
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3.7.4 Confounders

The following confounders were considered: child’s sex and age, family
socio-economic position, study setting and markers of early childhood

health and nutritional status.

3.7.4.1 Demographic variables

Age: Age was measured in years. The participants of this study were

between 5 and 9 years old.

Sex: Children’s sex was coded as: 1 = Boys and 2 = Girls.

As the outcome variables were age and sex adjusted z-scores; age and

sex were not included in the regression models.

3.7.4.2 Family socio-economic position

The categories for the family socio-economic variables are shown in Table
3.2. Parental education, occupation and family income are considered as
important markers of family socio-economic position in child health
research (Galobardes et al. 2006). In this study several dimensions of
parental socio-economic condition were assessed through questions on
parental level of education, occupation, gross household monthly family
income and sufficiency of earnings. These questions were adopted from
the Bangladesh Demographic and Health Survey 2011 (BDHS), a

nationwide sample survey conducted in Bangladesh (BDHS 2011).
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Parental education: Parental education was a categorical variable with five
categories, namely: ‘no education’, ‘primary’, ‘secondary’, ‘higher
secondary’, and ‘tertiary’ level of education. For regression analyses
maternal education was used and re-categorized into four groups by
merging ‘no education’ and ‘primary education’ together, as the numbers

in these two groups were small.

Parental occupation: parental occupation was categorized into five groups.
For analysis purposes paternal occupation was re-categorized as ‘service’
(that includes any kind of official job); ‘business’; and ‘others’. A small
percentage of fathers were in the ‘labour’, ‘domestic work’, and ‘other’
occupation groups; these groups were merged into one as ‘others’.
Maternal occupation was re-categorized as ‘domestic work’ and ‘others’ as
most of the mothers were in the ‘domestic work’ group. Parental
occupation was used in bivariate analyses but was not included in the
regression model to avoid difficulty in interpretation of results, as the

categories were not hierarchical.

Family income: Monthly gross family income was categorized into four

groups and was used as a covariate in all analyses.

Sufficiency of income: Parental perception about sufficiency of income
with their expenditure was categorized into three groups. This variable
was used in bivariate analyses but was not included in the regression
model as it was not significantly associated with the anthropometric

outcomes in the bivariate analysis.
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All categories for the socio-economic variables are shown in Table 3.2.

Table 3.2 Categories of family socio-economic variables

Variable Categories
Parental education e No education
e Primary

e Secondary
e Higher secondary

e Tertiary
Parental occupation e Service
e Business
e Labour
e Domestic work
e Other
Gross family income (Taka/month) e up to 8000

e > 8000 to 20,000
e > 20,000 to 30,000
e >30,000 Taka/month

Income sufficiency e Not sufficient
o Moderately sufficient
e Sufficient

3.7.4.3 Study setting

In this study, the setting was coded as: 1 = Hospital sample and 2 =

School sample.

3.7.4.4 Markers of early childhood health and nutritional status

In this study, parents were asked about the child’s history of premature
birth and birth weight, as there is some evidence of associations between
birth weight and later life height and weight, and dental caries. Children
with low birth weight have lower weight and height-for-age z-score

compared to normal birth weight children (Saigal et al. 2006) and have an
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increased risk for enamel hypoplasia (Nelson et al. 2013) and dental
caries (Rajshekar & Laxminarayan 2011).

In addition, history of breast feeding, long standing iliness in the first two
years, and being underweight in the first four years of life were recorded
because it has been suggested that these factors might have an influence
on childhood growth and development of dental caries (Kay et al. 2010;
Saigal et al. 2006; Harris et al. 2004; Martin 2002). ‘History of premature
birth’, ‘breast feeding’, ‘long standing illness in first two years of life’, and
‘being underweight in first four year of life’ were dichotomized variables
with “yes” and “no” answer options. Breast-feeding months were also
recorded on a continuous scale; however, the dichotomized prevalence of
breast-feeding (‘not breastfed’ versus ‘breastfed’) was used for analysis.
Birth weight was a categorical variable with three categories: underweight,
normal weight and overweight (answers were based on parental recall and

definition of child birth weight was up to parental consideration).

3.7.4.5 Parental height and weight

Self-reported parental height and weight were recorded in this study
because height and weight of mothers and fathers are considered as
important genetic indicators for children’s growth (Kuh & Wadsworth
1989). It has been suggested that maternal height has an influence on her
child’s linear growth over the growing period (Addo et al. 2013) and
maternal weight largely explains the association between birth weight and
adult body mass index (Parsons et al. 2001). One study assessing the

genetic growth target from parental heights confirmed that children

110



affected by severe early childhood caries tend to show a lower height
percentile than that allowed by their parent-bound target, and was
statistically different from the control group (children without dental caries)
(Vania et al. 2011).

For validation purposes, 35 randomly selected parents were requested to
have their height and weight measured by the investigators. This revealed
that the objective measures were in very good agreement with their self-
reports. Parental height was recorded on a continuous scale in meters and
weight was recorded in kilograms. However, of the total 725 completed
parental questionnaires, 37.0% (n=268) had missing data on maternal
height, 38.2% (n=277) had missing data on paternal height, 32.5%
(n=236) had missing data on maternal weight, and 37.4% (n=271) had
missing data on paternal weight. As the percentage of missing data for
parental height and weight was high, the variables were not used in the
final analysis. A separate subsample analysis was however conducted
among 371 participants for whom both parental height and weight
information was available. This analysis replicated the analysis of the main
analytical sample where parental height and weight was additionally
adjusted. The tables containing the related results are shown in Appendix
12. However, the characteristics of the children with missing parental
height and weight data were not substantially different from the rest of the

sample.
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3.8 Data entry and cleaning

All returned questionnaires were checked for missing data and ineligible
writing. Once the data were collected and checked, they were coded using
a predefined coding frame. Each questionnaire was hand checked before

coding for any obvious interviewer error.

Data cleaning

The following data cleaning procedures were carried out:

1. Data cleaning through logical checks: once the questionnaires were
returned, the questionnaire data were checked for each question for any

implausible answers.

2. To ensure the accuracy of entered data, 10% of questionnaires were

randomly selected and checked and there was no error in data entry.

Storage and preparation of collected data for analysis

Data collected on paper files were transported from Bangladesh to London
in a sealed package and stored in a securely locked filing cabinet at UCL.

Electronic data were stored on password-protected computers.

Analytical framework for the outcome variables

The analytical framework has been developed based on the conceptual
framework for the study (described previously, see Figure 2-2) that was
adapted from the framework developed by Sheiham (2006) and Alkarimi

(2013). The framework below depicts the hypothesised pathways. Dental
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caries and sepsis might be associated with HAZ, WAZ and BAZ scores via
different pathways. Dental caries might have a negative effect on overall
OHRQoL of children. Particularly when caries leads to dental pain, eating
difficulty, reduced appetite and Sleep disturbance that might have impact
on the anthropometric outcomes.

The model also takes into account the demographic and socio economic
variables, study setting and markers of early childhood health and
nutritional status that might be potential confounders. The analytical
framework for the three outcome variables (HAZ, WAZ and BAZ scores) is

illustrated in Figure 3-8

» OHRQoL
» Dental pain
» Eating difficulty
» Reduced appetite
» Sleep disturbance

Dental caries Height-for-age z-score

Dental sepsis > Weight-for-age z-score

BMI-for-age z-score

¢ socio-economic position
+Study setting
+Markers of early childhood

health and nutritional status

Figure 3-8 Analytical framework of the study
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3.9 Data analysis plan

The data analysis plan for objectives 2-4 is summarized below. The details
of the methodology and data analysis plan for the first objective (testing
the validity and reliability of the Bengali version of SOHO-5) has been
described separately in Appendix 10. All data were analysed using STATA

version 13.0 (StataCorp. 2013).

Data analysis plan for objectives 2-4

Initially, descriptive analyses were run and then the bivariate associations
between the main outcomes and exposures and their association with the
covariates were analysed. Finally, linear regression analysis methods

were used in order to assess the associations of interest.

3.9.1 Descriptive statistics

The distribution of the main outcome variables (HAZ, WAZ and BAZ
scores) and exposures (dental caries and dental sepsis) were examined.
The frequency distributions of all covariates were assessed for the whole
sample and also by setting (separately for the hospital and school

sample).

3.9.2 Bivariate analyses

3.9.2.1 Association between outcome variables and clinical

exposures and covariates

To assess whether there were statistically significant differences in the

mean of the three outcome variables among the four dental caries and
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between two dental sepsis groups, one-way analysis of variance (ANOVA)
and t-tests were carried out respectively, as the outcome variables were

normally distributed (see Figure 3-3).

The associations between outcome variables and covariates were
explored through t-tests (for variables with two categories) and one-way

ANOVA (for variables with more than two categories).

3.9.2.2 Association of main exposures with covariates

The associations between exposures (dental caries and dental sepsis)
and covariates were tested using chi-square tests and chi-square test for

trend as appropriate.

Before constructing the multiple linear regression models, the correlations
between all variables were examined via Pearson’s correlation tests and
presented as a correlation matrix (see Appendix 13), which allows for

assessment of multicollinearity.
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3.9.3 Regression modelling strategy

Covariates adjusted for in the final regression models

Socio-economic variables: In the regression analyses, maternal
educational level and monthly family income were used as socio-economic
indicators. Maternal occupation and income sufficiency were not
significantly associated with the anthropometric outcomes in the bivariate
analysis and were therefore not included. Paternal education was highly
correlated with maternal education (Pearson’s correlation coefficient of
0.76, p<0.001), and therefore not included in the final models to avoid
multicollinearity. In addition, models were adjusted for the setting (hospital

versus school sample).

Of the markers of early childhood health and nutritional status, birth weight
and history of any past illness (childhood diseases) were adjusted for in
the regression models. Premature birth and breast-feeding were not
significantly associated with the anthropometric outcomes (p-values higher

than 0.05) in the bivariate analysis and were therefore not included.

Potential mediators: The dichotomized form of the SOHO-5, dental pain,
dental problem related eating difficulty, reduced appetite, and sleep
disturbance were adjusted for in the regression analyses. A summary of
measures that were included in the regression models is shown in Table

3.3.
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Table 3.3 Summary of measures used for the regression modelling

Outcome

variables

EXxposures

Potential

mediators

Covariates

1. Height adjusted

for age z-scores
(HAZ)
(continuous)

2. Weight
adjusted for age
z-scores (WAZ)
(continuous)

3. BMI adjusted
for age z-scores
(BAZ)
(continuous)

1. Dental caries
(dmft+DMFT)
(categorical: 4

groups)

2. Dental sepsis
(pufatPUFA)
(categorical: 2

groups)

1.SOHO-5: any oral
impact (dichotomized
variable)

2. Dental pain
(dichotomized
variable)

3. Eating difficulty
(dichotomized
variable)

4. Reduced appetite
(dichotomized
variable)

5. Sleep disturbance
(dichotomized
variable)

1. Socio-economic
variables:

Maternal education
(categorical: 4

groups)

Family income
(categorical: 4

groups)

2. Setting (binary
variable)

3. Early childhood
Health and
nutritional status:

Birth-weight
(categorical: 3
groups)

Childhood diseases
(binary variable)

Analysis sample for regression models

The regression modelling was conducted as complete case analyses. Of
the total 788 participants, 8% (n=63) did not return the parental self-
completion questionnaire. 725

Among the completed parental

guestionnaires, 10 had missing data on covariates. The variables with
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missing data were: ‘child’s birth weight’ (n=8), ‘childhood diseases’ (n=2),
and sleep disturbance (n=2). Therefore the final analysis sample included

715 complete cases.

The analysis plan for each objective is described below:

3.9.4 Linear regression models

Bivariate and multiple linear regression models to examine the
association of dental caries and dental sepsis with HAZ, WAZ and

BAZ scores, which was the second objective of the study.

Linear regression analysis was used to assess the association between
the exposure (dental caries and sepsis) and outcome variables (HAZ,
WAZ and BAZ scores). For each outcome variable, two separate sets of
models were run, one for dental caries as the exposure and one for dental
sepsis. The models were sequentially adjusted for the covariates: socio-
economic factors (maternal education and family income); setting; markers
of early childhood health and nutritional status (birth weight and childhood
diseases). The following four models were built to test the associations,

fitted for each outcome with each exposure.

e Model 1: unadjusted model ‘exposure + outcome’.

e Model 2: Model 1 adjusted for ‘maternal education + family income’.

e Model 3: Model 2 and additionally adjusted for ‘setting’.

e Model 4: Model 3 and additionally adjusted for ‘birth weight +
childhood diseases’.
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Multiple linear regression models to examine the potential role of
OHRQoL in the association of dental caries and sepsis with HAZ,

WAZ and BAZ score, which was the third objective of the study.

A potential mediator variable is commonly defined as a variable that
accounts at least partly for the association between an exposure and an
outcome variable in the form of a causal chain (Baron & Kenny 1986).
When this variable is controlled, the previously significant association
between exposure and outcome is no longer statistically significant or the
magnitude of the association greatly reduced. However, it has been
argued that testing of mediation is not valid for cross-sectional data,
especially when it comes to make causal inferences (Green et al. 2010).
Hence this study was restricted to exploring the role of potential mediators
in the association between exposures and outcomes through multiple

linear regression analyses, without inferring causality.

To test the role of OHRQoL, Model 4 was additionally adjusted for

OHRQoL (dichotomized SOHO-5) (Model 5).

e Model 5: Model 4, additionally adjusted for SOHO-5.
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Multiple linear regression models to examine the role of dental pain,
eating difficulty, reduced appetite and sleep disturbance on the
association of dental caries and sepsis with HAZ, WAZ and BAZ

scores, which was the fourth objective of the study.

To assess the role of the above measures, instead of adjusting for overall
OHRQoL, Model 4 was sequentially adjusted for experience of dental pain
(Model 6), secondly for eating difficulty (Model 7), thirdly for reduced
appetite (Model 8) and finally for sleep disturbance (Model 9). The order of
entering the potential mediators was based upon the consideration of
more proximal to distal effects of dental caries and sepsis. The following

sets of models were tested:

e Model 6: Model 4 + ‘dental pain’.

e Model 7: Model 6 + ‘eating difficulty’.

e Model 8: Model 7 + ‘reduced appetite’.
e Model 9: Model 8 + ‘sleep disturbance’.

The results were expressed as regression coefficients with 95%
Confidence Intervals (CI). A p-value of <0.05 was considered significant in

all statistical tests.

Sensitivity analysis adjusted for parental height and weight

As mentioned in section 3.7.4.5, a supplementary analysis on a sub-
sample was conducted that included adjustment for parental height and
weight as covariates. The tables containing the results for this subsample
analysis are shown in Appendix 12 and the results are described in

section 5.5.
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4. Results - Psychometric properties of
the Bengali version of SOHO-5
guestionnaire

This chapter presents the psychometric properties of the Bengali version
of the SOHO-5 questionnaire to address the first objective of the study. In
terms of the psychometric properties of Bengali version of SOHO-5,
validity (face, content and construct validity) and reliability (internal

consistency and test- retest reliability) of the measure were assessed.

The terms ‘face and content validity’ are technical descriptions of the
judgement that the scale looks reasonable (Streiner et al. 2014). The
assessment of face and content validity was conducted by a panel of
experts to check whether the Bengali version of SOHO-5 scale was
measuring what it is supposed to measure. The detailed method of the
assessment of face and content validity is described in Appendix 10. The

results confirmed good face and content validity of the questionnaire.

4.1 Construct validity

Construct validity (convergent and discriminant validity) was assessed
using Kruskal Wallis (K Wallis) and Wilcoxon rank-sum tests. The results

of the tests are presented in Table 4.1 and Table 4.2.
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4.1.1 Convergent validity

Convergent validity was assessed by examining the associations between
the SOHO-5 and other subjective oral health status measures. Children’s
SOHO-5 scores were significantly associated with self-reported current
dental pain, any experience of dental pain, satisfaction with oral health
status and presence of cavities in teeth (Table 4.1). Children who reported
dental pain, being dissatisfied with oral condition, and having hole in teeth
had higher SOHO-5 scores (indicating worse quality of life). More
specifically, children who reported severe current dental pain had
significantly higher SOHO-5 scores than their counterparts who did not
have current dental pain (mean score of 5.07 (95% CI 4.49, 5.64) versus
mean score of 0.60 (95% CI 0.49, 0.72), p<0.001). A similar pattern of
association was found for children who ever had any experience of dental
pain. Furthermore, children who were very satisfied with their teeth had
significantly lower SOHO-5 scores compared to children who were not
satisfied with their teeth (mean score of 0.70 (95% CI 0.55, 0.85) versus
mean score of 3.42 (95% CI 2.89, 3.95), p<0.001). Similarly, those who
did not report any dental cavities had significantly lower SOHO-5 scores
than those who reported cavities (mean score of 0.44 (95% CI 0.33, 0.56)

versus mean score of 3.05 (95% CI 2.78, 3.32), p<0.001).
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Table 4.1 Children’s SOHO-5 scores, by subjective indicators of oral health.

Median score Mean score p-value
(25-75 percentile) (95% CI)
Current dental pain”
No 0 (0-1) 0.60 (0.49, 0.72) <0.001
A little 2 (1-3) 2.70 (2.43, 2.98)
A lot 4 (3-7) 5.07 (4.49, 5.64)
Ever had experience
of dental pain®
No 0 (0-0) 0.36 (0.23, 0.48) <0.001
A little 2 (1-3) 2.14 (1.91, 2.37)
A lot 3 (1-6) 4.24 (3.82, 4.67)
Satisfaction with oral
health*
Not satisfied 3 (1-6) 3.42 (2.89, 3.95) <0.001
A little satisfied 2 (1-4) 2.50 (2.22, 2.78)
Very satisfied 0 (0-1) 0.70 (0.55, 0.85)
Presence of dental
cavities®
No cavity 0 (0-0) 0.44 (0.33, 0.56) <0.001
have cavity 2 (1-4) 3.05 (2.78, 3.32)

'K Wallis test “Wilcoxon rank-sum test
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4.1.2 Discriminant validity

There were clear and significant differences in the SOHO-5 scores

between different clinical dental caries and dental sepsis groups. There

was statistically significant increase in mean SOHO-5 score with each

level increase in severity of caries (Table 4.2). The mean SOHO-5 score

was 0.06 (95% CI 0.00, 0.12) for children with no caries, increasing

gradually up to 3.50 (95% CI 3.02, 3.99) for the severe caries group

(dmft+DMFT>5). Children who had been diagnosed with dental sepsis

(pufa+PUFA>0) had significantly higher SOHO-5 scores than children

without dental sepsis (mean score of 3.42 (95% CI 3.10, 3.74) versus

mean score of 0.88 (95% CI 0.74, 1.02), p<0.001).

Table 4.2 Children’s SOHO-5 scores, by dental caries and dental sepsis groups.

Dental status Child- SOHO-5 Child SOHO-5
Median Mean p-value
(25-75 percentile) (95% CI)
Dental caries”
dmft+DMFT=0 0 (0-0) 0.06 (0.00, 0.12) <0.001
dmft+DMFT= 1-3 1 (0-2) 1.57 (1.28, 1.86)
dmft+DMFT= 4-5 2 (1-3) 2.57 (2.26, 2.88)
dmft+DMFT= >5 2 (2-5) 3.50 (3.02, 3.99)
Dental sepsis®
pufa+PUFA=0 0 (0-1) 0.88 (0.74, 1.02) <0.001
pufa+PUFA >0 3 (2-5) 3.42 (3.09, 3.74)

* K Wallis test, © Wilcoxon rank-sum test
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4.2 Reliability analysis

4.2.1 Internal consistency

The internal consistency of the SOHO-5 instrument was tested through

inter-item and item total correlations. The results are presented in Tables

4.3 and 4.4. The inter-item correlations ranged between 0.18 and 0.53 and

the mean inter-item correlation was 0.35 (Table 4.3).

Table 4.3 Internal consistency of SOHO-5: inter-item correlation matrix

Eating Drinking  Speaki  Playing Avoid Avoid Sleep
ng smiling smiling ing
for pain for
appeara
nce
Eating 1
Drinking 0.22 1
Speaking 0.37 0.18 1
Playing 0.33 0.26 0.53 1
Avoid smiling for 0.43 0.31 0.52 0.50 1
pain
Avoid smiling for 0.25 0.24 0.31 0.30 0.29 1
appearance
Sleeping 0.52 0.25 0.46 0.43 0.49 0.23 1

The mean inter-item correlation: 0.35  (P<0.001, Pearson’s correlation coefficient)

Item-total correlations ranged between 0.33 and 0.40. In relation to the

Cronbach’s alpha statistics, the measure had a standardized item alpha of

0.79 (Table 4.4).
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Table 4.4 Internal consistency reliability of children’s OHRQoL: Item total
correlation coefficients and Cronbach’s Alpha

Iltems Item total correlation Cronbach’s Alpha if
item deleted
Eating 0.35 0.77
Drinking 0.40 0.80
Speaking 0.34 0.75
Playing 0.34 0.75
Avoid smiling for pain 0.33 0.74
Avoid smiling for appearance 0.39 0.79
Sleeping 0.34 0.75

Standardized item alpha:
0.79

The results indicate good internal consistency of the instrument as all
inter-item correlations were positive and all item-total correlations were
above the 0.20 arbitrary threshold of good performance. In addition, none
of the correlations was high enough to indicate redundancy of any item.
The measure had a standardized Cronbach’s alpha above the arbitrary
threshold of 0.70. The value of Cronbach’s alpha was lower when any of

the items was deleted.
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4.2.2 Test-retest reliability

Test-retest reliability or external reliability was assessed by the

consistency of the reporting of SOHO-5 questionnaire.

A test-retest reliability analysis was carried out on twenty children who
were interviewed for a second time by measuring the degree of agreement
between two measurements. Cohen's Kappa test (for the total SOHO-5
scores) was measured to test the degree of agreement. In this study, the
weighted Kappa statistic was 0.85, which indicated excellent

reproducibility.

To conclude, this study provided evidence about promising psychometric
properties of the Bengali version of SOHO-5. All the associations between
subjective measures with the SOHO-5 scores were in the expected
directions. The questionnaire also demonstrates the ability to discriminate
between different caries and sepsis groups. The test results of internal

consistency and test-retest reliability were also promising.
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Chapter 5 Results - Main study
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5. Results — Main study

Chapter five addresses the main research aim, which was to investigate
the association between dental caries and anthropometric outcomes. The
chapter starts with a description of the study sample, followed by the

results of the bivariate analyses and linear regression analyses.

5.1 Description of the study sample

In total, 788 children participated in the study. Of the total study
participants, 30% were recruited in the hospital setting and 70% were
recruited from the schools. The details of recruited participants and

response rates are shown in Figure 5-1.

5.1.1 Response rate for the school sample

In the schools, a total of 560 parent-child pairs were invited to participate
and all parents returned the signed consent form. Nine children were
absent on the day of the examination, taking the school sample to 551
children who took part in the interview, oral examinations and had their
height and weight measured. Of those 551 children, 62 did not return the
parental questionnaire. The response rate for the parental questionnaires

in the schools was 88.7%.
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5.1.2 Response rate for the hospital sample

In the hospital sample, a total of 245 children were invited to take part in
the study. Of them, 237 parents agreed and signed the consent form
(response rate = 96.7%). Among the consenting parents, only one parent
did not complete the parental questionnaire, which takes the response rate

for the parental questionnaires in the hospital sample to 99.6%.

Number of children invited in

schools = 560

Number of children invited

in the hospital= 245

) 2

¥

Parental consent obtained =

560 (100%)

Parental consent obtained =

237 (96.7%)

L 4

J

Number of children

examined = 551

Number of children

examined = 237

Parental Parental
questionnaire questionnaire
completed = 489 completed = 236

(88.7%) (99.6%)

) 4

Total number of participating children = 788 (97.9%)

Total number of completed parental questionnaires = 725 (92.0%)

Figure 5-1 Flow chart of study participants
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Overall, a total of 725 parents (92%) completed the parental
qguestionnaire. Missing data are described in the methodology chapter
(See section 3.9.3). Table 5.1 summarizes the distribution of key sample
characteristics by setting. Among the 788 participating children, 388
(49.2%) were boys and 400 (50.8%) were girls. The children were aged 5-
9 years with a mean age of 7.12 years (95% CI 7.05-7.19). Of the total
725 participating parents, 62.7% were mothers, 34.1% were fathers and
3.2% were other guardians. In terms of socio-economic variables, 4.8% of
fathers and 3.7% of mothers were illiterate, while 37.5% of fathers and
20.3% of mothers had tertiary level of education. Of the total sample,
56.0% of fathers were in service (any kind of official job) while 83.4% of
mothers were involved in non-paid household activity (house wife). Nearly
half of the sample (47.0%) had a gross family income of 8,000 to 20,000
Taka per month (1GBP=100 Taka) and 66.2% of parents considered that
their income was moderately sufficient for their family. Socio-demographic
characteristics were similar for both settings in terms of income. However,
a higher percentage of the parents in the school sample had a ‘tertiary
level of education’ compared to the hospital sample and more fathers were
in businesses. In terms of reported early childhood health and nutritional
status, 18.0% of children were born prematurely and 9.5% with low birth
weight. Most children had been breast-fed (92.0%) with a mean breast-
feeding duration of 23 months. Of the total sample, 17.3% had a history of
childhood diseases and 20.7% had a history of being underweight at any
point during the first four years of their lives. Parents of the school children

reported higher percentage of history of premature birth than parents of
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the hospital sample (24.8% versus 3.8%, respectively) and the child being

underweight in first four years of their life (24.6% versus 12.6%,

respectively).

Table 5.1 Socio-demographic and early childhood characteristics of study sample,
by setting (max. N=788)

Variables Categories Hospital School setting Total
setting n (%) n (%)
n (%)
Sex Boys 113 (47.7) 257 (49.9) 388 (49.2)
Girls 124 (52.3) 276 (50.9) 400 (50.8)
Paternal No education 13(5.1) 22 (4.5) 35 (4.8)
education level
Primary education 60 (25.4) 65 (13.3) 125 (17.2)
Secondary 38 (16.1) 93 (19.0) 131 (18.1)
Higher secondary 50 (21.2) 112 (22.9) 162 (22.3)
Graduation/higher 75 (31.8) 197 (40.3) 272 (37.5)
Maternal No education 12 (5.1) 15 (3.1) 27 (3.7)
education level
Primary education 80 (33.9) 64 (13.1) 144 (19.9)
Secondary 62 (26.3) 159 (32.5) 221 (30.5)
Higher secondary 43 (18.2) 143 (29.2) 186 (25.7)
Graduation/higher 39 (16.5) 108 (22.1) 147 (20.3)
Paternal Service 131 (55.5) 275 (56.2) 406 (56.0)
occupation
Business 54 (22.9) 157 (32.1) 211 (29.1)
Labour 46 (19.5) 43 (8.8) 89 (12.3)
Household activity 0 3(0.6) 3(0.4)
Other 5(2.1) 11 (2.2) 16 (2.2)
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Variables Categories Hospital School setting Total
setting n (%) n (%)
n (%)
Maternal Service 17 (7.2) 64 (13.1) 81 (11.2)
occupation
Business 5(2.1) 3(0.6) 8(1.1)
Labour 11 (4.7) 7@1.4) 18 (2.5)
Household activity 200 (84.7) 405 (82.8) 605 (83.4)
Other 3(1.3) 10 (2.0) 13 (1.8)
Household < 8 thousand 34 (14.4) 71 (14.5) 105 (14.5)
family income
(Taka/month) ¢ o4 thousand 117 (49.6) 224 (45.8) 341 (47.0)
>20-30 thousand 50 (21.2) 116 (23.7) 166 (22.9)
>30 thousand 35 (14.8) 78 (15.9) 113 (15.6)
Income Well sufficient 47 (19.9) 85 (17.4) 132 (18.2)
sufficiency
Moderately 141 (59.7) 339 (69.3) 480 (66.2)
sufficient
Not sufficient 48 (20.3) 65 (13.3) 113 (15.6)
Premature birth  Yes 9(3.8) 121 (24.8) 130 (18.0)
Birth weight Low weight 10 (4.3) 58 (12.0) 68 (9.5)
Normal weight 223 (95.3) 357 (73.9) 580 (80.8)
Over weight 1(0.4) 68 (14.1) 69 (9.6)
Breast feeding  Yes 212 (91.4) 451 (92.2) 663 (92.0)
Childhood Yes 48 (20.5) 77 (15.7) 125 (17.3)
diseases in first
two years of life
Underweight in  Yes 29 (12.6) 120 (24.6) 149 (20.7)

first four years
of life
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5.1.3 Anthropometric outcomes

Histograms for the three main outcome variables: height-for-age (HAZ),
weight-for-age (WAZ) and BMI-for-age (BAZ) z-scores have already been
presented in Chapter three, section 3.7.1. The mean (95% CI) values of
HAZ, WAZ and BAZ of the participant children were -0.01 (-0.11, 0.08),
-0.17 (-0.28, -0.06) and -0.28 (-0.39, -0.17) respectively (Table 5.2).
Among the total sample, the mean height was 1.21 (95% CI 1.21, 1.22)
metres, mean weight was 23.46 (95% CI 23.01, 23.90) kg and mean BMI
was 16.02 (95% Cl 15.23, 16.81) kg/m? (not shown in the Table). The

hospital sample had lower mean z-scores than the school sample.

Table 5.2 Mean z-scores of anthropometric outcomes: WAZ, HAZ and BAZ of study
sample, by setting (max. N=788)

Anthropometric HAZ WAZ BAZ
outcomes

Mean (95% CI) Mean (95% CI) Mean (95% CI)
Hospital setting -0.67 (-0.82, -0.52) -0.98 (-1.15, -0.81) -0.84 (-0.99, -0.69)
(n=237)
School setting 0.27(-0.82, -0.52) -0.03(-0.17,0.11)  -0.03 (-0.17, 0.11)
(n=551)
Total sample -0.01 (-0.11,0.08)  -0.17 (-0.28,-0.06)  -0.28 (-0.39, -0.17)
(n=788)

z-scores are in relation to WHO 2007 child growth reference standards
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5.1.4 Prevalence of clinical exposures: dental caries and dental

sepsis

The prevalence of the exposures (dental caries and sepsis) is presented in
Table 5.3. The majority of the children (73.2%) had experience of dental
caries (dmft+DMFT>0) with mean dmft+DMFT score of 2.84 (95% CI 2.64,
3.03) (median of 2). Dental caries was more prevalent in deciduous teeth
(72.6%) than in permanent teeth (3.5%). Active decay (d component) was
predominant in the sample, constituting 70.8% of the dmft indicator. On
the other hand, 35.8% of children had dental sepsis experience
(pufa+tPUFA score>0), where majority of them (31.6%) had pulpal
involvement in deciduous teeth (p component). When the caries
distribution was considered by setting, as expected, dental caries and
sepsis were more prevalent among the hospital sample than the school
sample. In the hospital sample, a total of 93.2% children had dental caries

experience compared to 64.6% for the school sample.
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Table 5.3 Frequency of clinical exposures: dental caries and dental sepsis of study
sample, by setting (max. N=788)

Dental caries Hospital sample School sample Total sample Total
and sepsis n (%) n (%) n (%) Median
Mean (95% CI) Mean (95% CI) Mean (95% CI) (25-75
Percentile)
dmft>0 219 (92.4) 352 (64.0) 571 (72.6) 2
(0-4)
4.46 (4.06, 4.85) 2.07 (1.88, 2.26) 2.79 (2.59, 2.98)
Decay (d)>0 218 (92.0) 339 (61.6) 557 (70.8) 2
(0-4)
4.05 (3.68, 4.43) 1.80 (1.63, 1.98) 2.48 (2.30, 2.66)
Missing (m)>0 36 (15.2) 71 (12.9) 107 (13.6) 0
(0-0)
0.26 (0.17, 0.36) 0.21 (0.15, 0.26) 0.22 (0.18, 0.27)
Filled (f)>0 22 (9.3) 25 (4.5) 47 (6.0) 0
(0-0)
0.14 (0.07, 0.20) 0.06 (0.03, 0.08) 0.08 (0.05, 0.11)
DMFT>0 12 (5.1) 16 (2.9) 28 (3.5) 0
(0-0)
0.08 (0.03, 0.13) 0.04 (0.02, 0.06) 0.05 (0.03-0.07)
Decay (D)>0 10 (4.2) 14 (2.5) 24 (3.0) 0
(0-0)
0.06 (0.02, 0.11) 0.03 (0.01, 0.05) 0.04 (0.02-0.06)
dmft+DMFT>0 221 (93.2) 356 (64.6) 577 (73.2) 2
(0-4)
4.5 (4.14, 4.94) 2.11(1.91,2.30) 2.84(2.64, 3.03)
d+D>0 220 (92.8) 343 (62.3) 563 (71.4) 2
(0-4)
4.12 (3.74, 4.49) 1.83 (1.66, 2.01) 2.51 (2.34-2.70)
pufa >0 140 (59.1) 140 (25.4) 280 (35.5) 0
(0-1)
1.53(1.27,1.78)  0.51(1.27,1.78)  0.82(0.71, 0.92)
Involvement of 109 (46.0) 140 (25.4) 249 (31.6) 0
Pulp (p) >0 (0-1)

1.11 (0.88, 1.35)

0.49 (0.40, 0.59)

0.68 (0.58, 0.78)
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Dental caries
and sepsis

Hospital sample
n (%)
Mean (95% ClI)

School sample
n (%)
Mean (95% ClI)

Total sample
n (%)
Mean (95% ClI)

Total
Median
(25-75

Percentile)

Ulceration (u)>0

Fistula (f) >0

Abscess (a) >0

pufa+PUFA >0

24 (10.1)
1.73 (0.09, 0.25)
13 (5.5)
0.06 (0.03, 0.09)
34 (14.4)
0.18 (0.11, 0.24)
142 (59.9)

1.54 (1.29, 1.79)

4(0.7)

0.01 (-0.00, 0.02)

0

2 (0.4)

0.00 (-0.00, 0.01)

140 (25.4)

0.51 (0.41, 0.61)

28 (3.5)
0.06 (0.03, 0.08)
13 (1.6)
0.02 (0.01, 0.03)
36 (4.6)
0.06 (0.04, 0.08)
282 (35.8)

0.82 (0.71-0.93)

0
(0-0)

(0-0)

(0-0)

(0-1)

138



As mentioned in Chapter three (Figure 3-5 and Figure 3-6), for analytical
purposes dental caries was classified into four categories and sepsis was
classified into two categories. The prevalence for each of these categories
is shown in Table 5.4. Overall the majority of children (29.9%) were in the
moderate caries group. Moderate and severe caries prevalence was
higher among the hospital sample but mild caries was more prevalent

among the school sample.

Table 5.4 Dental caries and sepsis groups, by setting and in overall sample (max. N
=788)

Dental caries and sepsis Hospital sample  School sample Total sample
(N =551) (N =237) (N = 788)
n(%) n(%) n(%)

Dental caries

No caries (dmft+DMFT = 0) 16 (6.7) 195 (35.4) 211 (26.8)
Mild (dmft+DMFT = 1-2) 54 (22.8) 148 (28.3) 110 (26.6)
Moderate (dmft+DMFT = 3-5) 88 (37.1) 148 (26.9) 136 (29.9)
Severe (dmft+DMFT = 6-15) 79 (33.3) 52 (9.4) 131 (16.6)

Dental sepsis
No sepsis (pufa+PUFA = 0) 95 (40.1) 411 (74.6) 506 (64.2)

Having any sepsis 142 (59.9) 140 (25.4) 282 (35.8)
(pufa+PUFA = 1-14)
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5.1.5 Distribution of potential mediators

5.1.5.1 Oral health related quality of life (OHRQoL)

To measure OHRQoL of children, SOHO-5 was used which revealed that
56.6% of children had at least one negative oral impact on their quality of
life (SOHO-5 score>0). The mean (95% CI) SOHO-5 score was 1.79
(2.62, 1.96) (minimum of 0 to maximum of 14) and the median was 1. A
histogram for the SOHO-5 has been shown in Chapter three, section

3.7.3.1 (Figure 3-7).

The prevalence of each item of the SOHO-5 is shown in Table 5.5, which
demonstrates that eating difficulty was the most commonly reported
impact. More than half of all children in the sample (51.0%) reported any
eating difficulty, and 19.4% of the entire sample reported severe eating
difficulty. This was followed by sleeping difficulty (28.1%), drinking problem
(14.7%), avoid smiling due to oral pain (13.8%) and speaking problem

(10.0%).

Parental perceptions about their child’s oral impacts were similar to the
child’s self-reports with 58.5% of parents reporting any negative impact.
Overall the correlation coefficient of the total score for the common six
items of child and parental reports was 0.74 (p<0.001), showing good
agreement. As mentioned in Chapter three, the child reported SOHO-5

was used for further analysis.
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Table 5.5 Frequency of SOHO-5 items and dental pain (child and parent reported)

(max. N =788)

SOHO-5 items and

Children reported

Child reported any

Parent reported

dental pain severity of difficulty  difficulty/dental pain  any difficulty/dental
- (%) pain
No Little Alot _ 0
0 0 o (N=788) (%)
(%) (%) (%) (N=725)
SOHO-5 items
1. Eating problem 49.0 316 194 51.0 55.0
2. Drinking 85.3 105 4.2 14.7 NA
problem
3. Speaking 90.0 6.8 3.2 10.0 15.9
problem
4. Problem in 93.3 4.7 20 6.7 12.8
playing
5. Avoiding 86.1 9.5 4.3 13.8 23.6
smiling due to
pain
6. Avoiding 91.4 6.5 2.2 8.6 11.6
smiling due to
appearance
7. Difficulty in 719 169 112 28.1 31.3
sleeping
8. Effect on NA NA NA NA 21.7
confidence
Dental pain
Dental pain (ever) 449 336 214 55.1 52.8
Dental pain 585 28.2 133 415 42.9
(current)

NA: Not assessed

5.1.5.2 Dental pain

The prevalence of dental pain is shown in Table 5.5. Of the total sample,

41.5% reported current toothache, while more than half of the sample

(55.1%) had any experience of dental pain in their lifetime. Among the

whole sample, 33.6% had mild (a little) and 21.4% had severe (a lot) pain.

Parental report of the prevalence of toothache was very similar to child’'s
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report. For further bivariate and multiple regression analyses, the child

reported variable “any experience of dental pain in the lifetime” was used.

5.1.5.3 Eating difficulty

Apart from the SOHO-5 scale, eating difficulties were also assessed by
asking about the child’s eating or chewing ability of three commonly eaten
food groups in Bangladesh, the result of which are shown in Table 5.6.
Eating difficulty was a common problem with 45.2% of parents reporting
that the child had any difficulty with eating due to dental caries. The mean
(95% CI) eating difficulty score was 1.86 (1.67, 2.05) (minimum of 0 to
maximum of 9). The item based eating difficulty showed that 30.9% of
children had mild to severe problems eating rice, home-made rutii and
chapatti (common sources of carbohydrate in Bangladesh), 44.4% had
problems chewing meat or fish (mainly meat) and 39.7% had problems

chewing fresh fruits and vegetables.

5.1.5.4 Poor appetite

On the appetite scale, 44.4% of children had very good to good appetite
and 55.6% had average to poor appetite (Table 5.6) with a mean (95% CI)
appetite score of 2.62 (2.53, 2.71) and median of 3. In terms of reduced
appetite, 18.5% of parents reported that their child’s appetite was reduced

due to a dental problem (not shown in the Table).
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5.1.5.5 Dental pain related sleep disturbance

32.2% of children had experienced some level of sleep disturbance due to

dental pain. Of those children with sleep disturbance, 21.7% had had

sleep disturbance once or twice in lifetime, 5.9% had had sleep

disturbance once or twice in a year and 4.6% had experienced sleep

disturbance once or twice in a month. The participant children had a mean

(95% ClI) sleep disturbance score of 10.57 (10.31, 10.83) (minimum of 7 to

maximum of 30) on the general sleep disturbance scale of children (not

shown in the Table).

Table 5.6 Frequency of eating difficulty, appetite, and Sleep disturbance in children

(max. N=725)
Potential mediators Rice, Meat, Fruits Total
Rutii/bread fish vegetable n (%)
n (%) n (%) n (%)
Eating difficulty
No problem 499 (69.0) 402 (55.6) 436 (60.3)
Mild problem 157 (21.7) 167 (23.1) 154 (21.3)
Moderate problem 43 (5.9) 78 (10.8) 65 (9.0)
Severe problem 24 (3.3) 76 (10.5) 68 (9.4)
Appetite
Very good appetite 177 (24.4)
Good appetite 145 (20.0)
Average appetite 239 (33.0)
Poor appetite 106 (14.6)
Very poor appetite 58 (8.0)
Sleep disturbance
Never 490 (67.8)
Once/twice in life 157 (21.7)
Onceltwice a year 43 (5.9)
Once/twice a month 33 (4.6)
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Prevalence of potential mediators by setting

Table 5.7 presents the prevalence of potential mediators by setting. The

prevalence of oral impacts, dental pain, eating difficulty, reduced appetite

and sleep disturbance was considerably higher for the hospital sample

than the school sample. The potential mediators were used in the bivariate

and multiple regression analyses in the form of binary variables (see

Chapter three, section 3.9.3, Table 3.3).

Table 5.7 prevalence of potential mediators by setting (max. N=788)

Potential mediators Hospital School Total
setting setting n (%)
n (%) n (%)
OHRQoL SOHO-5 200 (84.4) 246 (44.6) 446 (56.6)
score>0
Dental pain Yes 180 (75.9) 254 (46.1) 434 (55.1)
Eating Yes 177 (75.0) 151 (30.9) 328 (45.2)
difficulty
Reduced Yes 82 (34.7) 52 (10.6) 134 (18.5)
appetite
Sleep Yes 103 (44.0) 130 (26.6) 233 (32.2)

disturbance

The next section of this chapter presents bivariate associations between

the outcomes and exposures, and their associations with covariates.
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5.2 Anthropometric outcomes, by exposures and

covariates

An important issue to consider is the distribution of outcomes by different

exposures and covariates.

5.2.1 Anthropometric outcomes, by dental caries and sepsis

In order to assess the bivariate association of HAZ, WAZ and BAZ scores
with four caries groups and dichotomized dental sepsis groups, ANOVA
and t-tests were conducted respectively. Both tests revealed a negative
association between all anthropometric outcomes with dental caries and
dental sepsis groups. In addition, the results suggest a dose-response
relationship. Children with higher levels of dental caries and sepsis had

lower mean HAZ, WAZ and BAZ scores (Figure 5-2 and Figure 5-3).

0.8
0.6 B dmft+DMFT
0.4 =0
0.2 B dmft+DMFT
" 0 :1-2
9
S -0.2 Mean Mean W Mean B dmft+DMFT
[75] -
~N 0.4 [ =3-5
-0.6 B dmft+DMFT
0.8 =6-max
-1
-1.2
-1.4

Figure 5-2 Bivariate association of anthropometric outcomes with dental caries
groups.
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Figure 5-3 Bivariate association of anthropometric outcomes with dental sepsis
groups

Table 5.8 shows that all anthropometric measures were negatively
associated with dental caries. The mean (95% CIl) HAZ score was 0.38
(0.21, 0.55) for the ‘no caries’ group, which reduced to -0.61 (-0.82, -0.41)
for the ‘severe caries’ group (p<0.001). Following a similar pattern, the
mean (95% CI) WAZ score reduced from 0.38 (0.17, 0.59) to -0.96 (-1.21,
-0.70) and the mean (95% CI) BAZ score reduced from 0.17 (-0.04, 0.39)
to -0.87 (-1.11, -0.63) from the ‘no caries’ to ‘severe caries’ groups,
respectively (p<0.001). A similar inverse association was found for dental
sepsis. The means (95% CI) of HAZ, WAZ and BAZ scores were 0.19
(0.07, 0.30), 0.09 (-0.04, 0.23) and -0.07 (-0.21, 0.07), respectively, in the
‘sepsis free’ group; compared to means of -0.38 (-0.53, -0.23), -0.66
(-0.84, -0.48) and -0.65 (-0.82, -0.48) in the ‘any dental sepsis’ group

(p<0.001).
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Table 5.8 Association between anthropometric outcomes (HAZ, WAZ and BAZ) with
clinical exposure groups (max.

N=788)

Exposures HAZ WAZ BAZ
Mean Mean Mean
95% ClI 95% ClI 95% ClI
Dental caries
groups®
(dmft+DMFT)
0 0.38 0.38 0.17
0.21, 0.55 0.17, 0.59 -0.04, 0.39
1 0.15 0.05 -0.10
-0.03, 0.33 -0.16, 0.26 -0.31,0.11
2 -0.18 -0.42 -0.50
-0.35, -0.01 -0.62, 0.23 -0.70, -0.31
3 -0.61 -0.96 -0.87
-0.82, -0.41 -1.21,-0.70 -1.11, -0.63
p-value <0.001 <0.001 <0.001
Dental sepsis
groups”
(pufa+PUFA)
0 0.19 0.09 -0.07
0.07,0.30 -0.04, 0.23 -0.21, 0.07
1 -0.38 -0.66 -0.65
-0.53, -0.23 -0.84, -0.48 -0.82,-0.48
p-value <0.001 <0.001 <0.001

"t test “ANOVA

5.2.2 Anthropometric outcomes by setting and demographic

variables

The hospital sample had significantly lower z-scores on all three outcomes
(HAZ, WAZ and BAZ scores) than the school sample. A positive
association was detected between all anthropometric measures and
parental educational categories. Children whose parents had a higher
level of education presented with higher mean z-scores on all three
outcomes, compared to lower educational categories. Mean BAZ (95% CI)

score for children of uneducated mothers was -1.12 (-1.55, -0.68). To
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compare, the mean BAZ (95% CI) score was 0.22 (-0.03, 0.48) for children

whose mother had tertiary level of education (p<0.001). Similar statistically

significant associations were found for father's occupation and family

income groups but not for mother's occupation and income sufficiency

groups (Table 5.9).

Table 5.9 Association between anthropometric outcomes (HAZ, WAZ and BAZ) with

socio-demographic variables (max. N = 788)

Socio-demographic HAZ WAZ BAZ
variables Mean Mean Mean
95% ClI 95% ClI 95% ClI
Sex’ (N=788)
Boys -0.11 -0.35 -0.47
-0.24, 0.02 -0.52,-0.19 -0.64, -0.31
Girls 0.08 0.04 -0.09
-0.05, 0.21 -0.19, 0.12 -0.24, 0.06
p-value 0.042 0.006 <0.001
Setting"(N=788)
Hospital -0.67 -0.98 -0.84
-0.82, -0.52 -1.15,-0.81 -0.99, -0.69
School 0.27 0.17 -0.03
0.11, 0.08 0.04,0.31 -0.17,0.11
p-value <0.001 <0.001 <0.001
Paternal education”
(N=725)
No education -1.01 -1.38 -1.12
-1.39, -0.59 -1.73, -1.02 -1.45,-0.79
Primary -0.59 -0.96 -0.91
-0.81, -0.38 -1.22,-0.70 -1.15, -0.66
Secondary -0.25 -0.47 -0.51
-0.47,-0.04 -0.73,-0.21 -0.78, -0.24
Higher secondary 0.09 -0.01 -0.14
-0.10, -0.30 -0.26, 0.24 -0.40, 0.11
Tertiary level 0.36 0.28 0.06
0.20, 0.51 0.10, 0.46 -0.13, 0.25
p-value <0.001 <0.001 <0.001
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Socio-demographic HAZ WAZ BAZ
variables Mean Mean Mean
95% CI 95% Cl 95% Cl
Maternal education’
(N=725)
No education -0.77 -1.24 -1.12
-1.27,-0.29 -1.73,-0.74 -1.55, -0.68
Primary -0.73 -1.01 -0.85
-0.93, -0.52 -1.25,-0.77 -1.08, -0.62
Secondary -0.12 -0.34 -0.44
-0.28, 0.04 -0.54, -0.15 -0.64, -0.24
Higher secondary 0.24 0.13 -0.07
0.04, 0.43 -0.10, 0.37 -0.28, 0.19
Tertiary level 0.55 0.51 0.22
0.35,0.75 0.27,0.74 -0.03, 0.48
p-value <0.001 <0.001 <0.001
Paternal® occupation
(N=725)
Service 0.16 0.08 -0.14
0.03, 0.29 -0.13, 0.18 -0.30, 0.01
Business -0.02 -0.18 -0.28
-0.20, 0.15 -0.39, 0.04 -0.50, -0.07
Others -0.81 -1.19 -1.02
-1.02, -0.59 -1.45, -0.93 -1.26,-0.78
p-value <0.001 <0.001 <0.001
Maternal
occupation
House wife -0.02 -0.17 -0.26
-0.12, 0.09 -0.30, -0.04 -0.39,-0.14
Others -0.14 -0.48 -0.61
-0.40, 0.12 -0.77,-0.18 -0.91,-0.31
p-value 0.383 0.068 0.035
Family income®
(Taka/month)
(N=725)
<8 thousand -0.49 -0.82 -0.79
-0.72,-0.26 -1.11, -0.53 -1.07, -0.52
8-20 thousand -0.17 -0.44 -0.53
-0.31, -0.03 -0.61, -0.28 -0.69, -0.37
>20-30 thousand 0.41 0.41 0.19
0.22, 0.59 0.17, 0.65 -0.07, 0.44
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Socio-demographic HAZ WAZ BAZ
variables Mean Mean Mean
95% ClI 95% Cl 95% Cl
>30 thousand 0.13 0.13 0.05
-0.14, 0.39 -0.17, 0.42 -0.22, 0.33
p-value <0.001 <0.001 <0.001
Income® sufficiency
(N=725)
Well sufficient -0.07 0.06 -0.27
-0.30, 0.16 -0.49, 0.06 -0.53, -0.01
Moderately -0.01 -0.03 -0.29
sufficient -0.12,0.11 -0.32, -0.03 -0.43,-0.14
Insufficient -0.14 -0.11 -0.47
-0.40, 0.12 -0.69, -0.11 -0.74, -0.20
p-value 0.604 0.402 0.528

‘t test “ANOVA
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5.2.3 Anthropometric outcomes by markers of early childhood

health and nutritional status

A positive association was detected between all anthropometric measures
and reported birth weight. Children who had a history of lower reported
birth weight had lower mean z-scores for all three outcomes, compared to
the normal and high birth weight groups. A significant association was
observed between WAZ and BAZ scores with childhood disease and
being underweight in the first four years of life. Children who suffered from
any significant childhood diseases and those who had a history of being
underweight had lower mean (95% CI) BAZ scores when compared to
their counterparts: mean of -0.65 (-0.91, -0.38) versus mean of -0.24 (-
0.37, -0.11) and mean of -0.89 (-1.13, -0.66) versus mean of -0.15 (-0.28, -
0.02), (respectively) (p<0.01). No significant associations were observed
with premature birth and breast-feeding (Table 5.10).

Table 5.10 Anthropometric outcomes (HAZ, WAZ and BAZ) by the marker of early
childhood health and nutritional status (max. N=723)

Marker of early HAZ WAZ BAZ
childhood health Mean Mean Mean
and nutritional 95% CI 95% CI 95% CI
status
Premature Birth"
(n=598)
No -0.06 -0.25 -0.34
-0.18, 0.06 -0.39, -0.10 -0.48, -0.19
Yes 0.13 -0.05 -0.21
-0.10, 0.36 -0.32, 0.22 -0.49, 0.06
p-value 0.291 0.450 0.743
Birth weight*
(n=717)
Under weight -0.11 -0.56 -0.78
-0.41, 0.20 -0.89, -0.22 -1.12,-0.44
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Marker of early HAZ WAZ BAZ
childhood health Mean Mean Mean
and nutritional 95% CI 95% CI 95% ClI
status
Normal weight -0.11 -0.29 -0.36
-0.21, 0.00 -0.42,-0.16 -0.49, -0.24
Over weight 0.54 0.70 0.49
0.22, 0.87 0.28,1.12 0.05, 0.94
p-value <0.001 <0.001 <0.001
Breast feeding*
(n=721)
No -0.29 -0.50 -0.52
-0.60, 0.02 -0.86, -0.15 -0.88, -0.16
Yes -0.01 -0.19 -0.30
-0.12, 0.09 -0.31, -0.07 -0.42,-0.17
p-value 0.129 0.155 0.305
Childhood
diseases’ (n=723)
No 0.01 -0.13 -0.24
-0.10, 0.12 -0.26, -0.01 -0.37,-0.11
Yes -0.24 -0.57 -0.65
-0.48, -0.00 -0.85, -0.29 -0.91, -0.38
p-value 0.059 0.006 0.009
Being under
weight! (n=718)
No 0.01 -0.08 -0.15
-0.11, 0.12 -0.22, 0.05 -0.28, -0.02
Yes -0.15 -0.65 -0.89
-0.33, 0.02 -0.86, -0.44 -1.13, -0.66
p-value 0.194 <0.001 <0.001
‘t test “ANOVA

(‘Cannot remember’ responses of ‘Premature birth’ were dropped from analysis.)
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5.2.4 Anthropometric outcomes by potential mediators

All three outcomes showed statistically significant associations with the
dichotomized groups of potential mediators: SOHO-5, dental pain, eating
difficulty, reduced appetite and sleep disturbance when t-test was
conducted. The mean z-scores were lower among children who had any
difficulty compared to those without any difficulty. For instance, the mean
(95% CI) HAZ, WAZ and BAZ scores for children having ‘no impact’ on
OHRQoL were 0.34 (0.20, 0.47), 0.36 (0.19, 0.52), and 0.18 (0.01, 0.35),
which reduced to -0.28 (-0.40, -0.16), -0.58 (-0.72, -0.44), and -0.63 (-0.76,
-0.49) in ‘having any impact’ groups (Table 5.11). Similar patterns were

observed for the other four potential mediators.

Table 5.11 Anthropometric outcomes (HAZ, WAZ and BAZ) by potential mediators

(max. N=788)

Potential HAZ WAZ BAZ
mediators Mean Mean Mean
95% Cl 95% Cl 95% Cl
OHRQoL (N=788)
(Child SOHO-5)
No impact 0.34 0.36 0.18
0.20, 0.47 0.19, 0.52 0.01, 0.35
Any impact -0.28 -0.58 -0.63
-0.40, -0.16 -0.72,-0.44 -0.76, -0.49
p-value <0.001 <0.001 <0.001
Dental pain
(N=788)
No pain 0.25 0.21 0.06
0.12,0.39 0.05, 0.38 -0.11, 0.23
Had pain -0.23 -0.49 -0.55
-0.35,-0.11 -0.64, -0.35 -0.69, -0.41
p-value <0.001 <0.001 <0.001
Eating difficulty
(N=725)
No problem 0.29 0.26 0.08
0.17,0.41 0.11, 0.41 -0.07,0.24
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Potential HAZ WAZ BAZ
mediators Mean Mean Mean
95% ClI 95% Cl 95% Cl
Any problem -0.42 -0.76 -0.76
-0.56, -0.28 -0.93, -0.60 -0.92, -0.61
p-value <0.001 <0.001 <0.001
Reduced appetite
(N=725)
No 0.08 -0.05 -0.18
-0.03, 0.19 -0.18, 0.08 -0.31, -0.05
Yes -0.56 -0.95 -0.91
-0.77,-0.35 -1.19,-0.72 -1.13,-0.70
p-value <0.001 <0.001 <0.001
Sleep disturbance
(N=723)
No problem 0.10 -0.03 -0.17
-0.02, 0.22 -0.17,0.12 -0.31, -0.02
Any problem -0.32 -0.60 -0.61
-0.49, -0.16 -0.79,-0.41 -0.79, -0.43
p-value <0.001 <0.001 <0.001
t-test
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5.3 Clinical exposures (dental caries and sepsis) by

covariates

The associations between exposures and covariates were explored via

Chi-square tests.

5.3.1 Dental caries and sepsis by socio-demographic variables

Table 5.12 shows the frequency of caries and sepsis groups by different
socio-demographic variables. A negative association was observed
between both clinical exposures (dental caries and sepsis) with parental
(both maternal and paternal) education groups: higher levels of severe
caries and sepsis were associated with lower parental education groups.
Of the children whose mothers were uneducated, 37.0% had severe
caries, while 18.5% had no caries. In comparison, among children whose
mothers had tertiary level of education, only 11.6% had severe caries and
31.3% had no caries. The association was similarly patterned for father's
education and was stronger when dental sepsis was considered as
exposure. Fewer children (13.0%) had severe caries whose paternal
occupation was ‘service’, compared to ‘business’ and ‘others’ occupational
groups (22.3% and 22.2% respectively). No statistically significant
association was observed between dental caries and sex, maternal
occupation, and family income. Similarly, the experience of dental sepsis
was also socially patterned and was significantly associated with all the
socio-economic variables. Interestingly sepsis was less prevalent in
income levels of >20-30 thousand Taka/month and moderate income
sufficiency groups.
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Table 5.12 Frequency of dental caries and sepsis, by socio-demographic variables

(max. N=788)

Socio-demo graphic
Variables

Dental caries groups

n
%

Sepsis groups

n
%

0 1 2 3 p 0 1 p
Sex (N=788)
Boy 106 97 124 61 248 140
27.3 250 320 157 63.9 36.1
Girl 105 113 112 70 258 142
26.2 282 280 175 645 355
0.518 0.865
Paternal education
(N=725)
No education 9 4 14 8 19 16
25.7 114 400 229 543 457
Primary 23 29 39 34 60 65
18.4 232 312 272 48.0 52.0
Secondary 36 36 38 21 86 45
27.5 275 29.0 16.0 65.6 34.3
Higher secondary 44 37 51 30 103 59
27.2 22.8 315 185 63.6 364
Graduate/ 83 79 79 31 189 83
Higher 30.5 29.0 290 114 69.5 305
0.017 0.001
Maternal education
(N=725)
No education 5 3 9 10 11 16
18.5 11.1 333 37.0 40.7 59.3
Primary 31 31 41 41 73 71
215 215 285 285 50.7 49.3
Secondary 58 61 72 30 148 73
26.2 27.6 326 136 67.0 33.0
Higher secondary 55 44 61 26 123 63
29.6 23.7 328 140 66.1 33.9
Graduate/ 46 46 38 17 102 45
Higher 31.3 31.3 258 116 69.4 30.6
0.001 0.001
Paternal occupation
(N=725)
Service 114 118 121 53 274 132
28.1 29.1 298 13.0 67.5 325
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Socio-demo graphic
Variables

Dental caries groups

n
%

Sepsis groups

n
%

0 1 2 3 p 0 1 p
Business 54 47 63 47 129 82
25.6 223 299 223 61.1 38.9
others 27 20 37 24 54 54
25.0 185 343 222 50.0 50.0
0.021 0.003
Maternal occupation
(N=725)
House wife 171 157 189 101 400 218
27.7 254 306 16.3 64.7 35.3
Others 24 28 32 23 57 50
22.4 26.2 299 215 53.3 46.7
0.497 0.023
Family income (Taka
/month) (N=725)
<8 thousand 31 21 35 18 61 44
29.5 20.0 333 171 58.1 419
8-20 thousand 76 91 112 62 203 138
22.3 26.7 328 182 50,5 405
>20-30 thousand 60 43 40 23 123 43
36.1 259 241 139 741 259
>30 thousand 28 30 34 21 70 43
24.8 26,5 301 186 619 38.0
0.107 0.009
Income sufficiency
groups (N=725)
Well sufficient 32 34 32 34 75 57
24.2 25,8 242 2538 56.8 43.2
Moderately 136 120 157 67 323 157
sufficient 28.3 25.0 327 140 67.3 327
Not 27 31 32 23 59 54
Sufficient 23.9 274 283 203 52.2 478
0.040 0.003

Chi-square test
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5.3.2 Dental caries and sepsis by markers of early childhood health

and nutritional status

Table 5.13 shows that premature birth, birth weight and childhood

diseases were statistically significantly associated with dental caries and

sepsis. Being underweight in the first four years of life was significantly

associated with sepsis but not with dental caries, while breast-feeding was

not significantly associated with either of the exposures.

Table 5.13 Frequency of dental caries and sepsis by the marker of early childhood

health and nutritional status (max. N=723)

Markers of early
childhood health
and nutritional

Dental caries groups

n
%

Sepsis groups

n
%

status 0 1 2 3 0 1
p p
Premature birth
(N=598)
No 105 119 151 93 272 196
224 254 323 199 58.1 41.9
Yes 48 32 32 18 93 37
369 246 246 1338 715 28.5
0.005 0.001
Birth weight
(N=717)
Under weight 25 14 20 9 48 20
368 206 294 13.2 70.6 29.4
Normal weight 140 152 177 111 347 233
241 262 305 19.1 59.8 40.2
Over weight 27 19 21 2 54 15
39.1 275 304 2.9 78.3 21.7
0.004 0.004
Breast feed
(N=721)
No 16 10 22 10 36 22
276 172 379 172 62.1 37.9
Yes 179 174 197 113 420 243
270 262 297 17.0 63.3 36.6
0.409 0.846
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Markers of early Dental caries groups Sepsis groups

childhood health n n
and nutritional % %
status 0 1 2 3 0 1
p P
Childhood
diseases (N=723)
No 172 152 181 93 388 210
288 254 303 155 64.9 35.1
Yes 23 33 39 30 68 57
184 26.4 312 24.0 54.4 45.6
0.036 0.027
Being under
Weight (N=718)
No 151 152 166 100 349 220
265 267 291 17.6 61.3 38.7
Yes 43 31 53 22 105 44
289 20.8 356 148 70.5 29.5
0.263 0.040

Chi-square test

(‘Cannot remember’ responses of ‘Premature birth’ were dropped from analysis.)

5.3.3 Distribution of potential mediators by clinical exposure groups

Both simple Chi-square tests and Chi-square tests for trend were
conducted to analyse the relationship between dental caries and dental
sepsis with dichotomized groups of potential mediators (Table 5.14). All
potential mediators showed statistically significant positive associations
with dental caries. With each level of increase of dental caries, the
prevalence of having any problem (having any oral impact, experience of
dental pain, eating difficulty, reduced appetite and sleep disturbance)
increased significantly (both tests were highly statistically significant).
Similarly, the percentage of having any problem was significantly higher

for children with any dental sepsis experience.
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Table 5.14 Distribution of potential mediators, by clinical exposure groups

Potential mediators Dental caries groups Dental sepsis groups
n n
% %
0 1 2 3 0 1
pl P2
Experience of dental
pain (N=788)
No 201 96 46 11 i 325 29 ok
95.3 457 195 8.4 64.2 10.3
Yes 10 114 190 120 181 253
4.7 543 805 916 358 89.7
OHRQoL(N=788)
(Child SOHO-5)
0 score 205 91 37 9 *hk 320 22 *hx
97.2 433 157 6.9 63.2 7.8
1-max 6 119 199 122 186 260
2.8 56.7 84.3 93.1 36.8 922
Eating difficulty
(N=725)
No problem 185 113 83 16 ok 343 54 el
949 611 376 129 75.0 20.1
1-max problem 10 72 138 108 114 214
5.1 389 624 87.1 249 79.8
Reduced appetite
(N=725)
No 190 162 168 71 ok 418 173 ok
974 876 76.0 573 915 645
Yes 5 23 53 53 39 95
2.6 124 240 427 8.5 35.4
Sleep disturbance
(N=723)
No problem 192 136 113 49 ok 385 105 ok
985 739 514 395 84.6 39.2
Any problem 3 48 107 75 70 163
1.5 26.1 48.6 605 15.4 60.8
*+%n<0.001 * Chi square test for trend © Chi square test
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Summary of bivariate analyses

Bivariate (unadjusted) analyses demonstrated that dental caries and
sepsis were associated with all anthropometric outcomes. Children with
higher levels of dental caries and presence of sepsis had lower means of
HAZ, WAZ and BAZ scores. Of the covariates, parental education,
paternal occupation, birth weight and childhood diseases were significantly
associated with both exposures and outcomes. Bivariate analyses also
demonstrated highly significant associations of all potential mediators with
both outcomes and exposures. The mean z-scores of all outcomes were
lower among children who had any negative impact on their OHRQoL,
experience of dental pain, eating difficulty, reduced appetite and Sleep
disturbance, compared to those without any difficulty. The prevalence of
having any difficulties was higher for each higher level of dental caries and

sepsis.
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5.4 Results of linear regression models

The following sections of this chapter present the results of linear
regression models to address objectives two to four of this study, the
analytical strategy of which has already been described in the data
analysis section of Chapter three. For the convenience of describing the
results, the results focused on objective two and three are described

together.

5.4.1 Testing the association between dental caries and sepsis and
anthropometric outcomes and testing the effect of SOHO-5 on

this association.

Bivariate analyses have shown that dental caries and sepsis were
associated with all anthropometric outcomes. Linear regression models
were used to explore the association adjusting for different covariates. The

following models were estimated:

Model 1: unadjusted (crude) model; Model 2: adjusted for socio-economic
variables (maternal education and family income); Model 3: additionally
adjusted for setting (hospital and schools); and Model 4: additionally
adjusted for birth weight and childhood diseases. Model 5: in order to
assess the influence of OHRQoL (measured by child reported SOHO-5)
on this association, SOHO-5 was additionally adjusted for. To be a
potential mediator, it is expected that when this variable is controlled, the
previously significant association between exposure and outcome would

no longer be statistically significant or the magnitude of the association
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would reduce greatly. In the analysis, z-scores for all anthropometric

outcome variables were used on a continuous scale.

The results addressing objective two and three, which were to examine
the associations between dental caries and sepsis and HAZ, WAZ and
BAZ scores (Models 1- 4), and examine the role of OHRQoL on this

association (Model 5), are presented in Tables 5.15-5.20.

5.4.1.1 Outcome: height-for-age

Exposure: dental caries

A negative linear association was detected between mean HAZ scores
and dental caries (Table 5.15). Model 1 of Table 5.15 shows the results for
the crude association, before any adjustments. Compared to the ‘no
caries’ group, the HAZ scores for children in the ‘moderate caries’ group
were on average 0.54 (95% CI -0.79, -0.29) points lower. For the ‘severe
caries’ group the scores were 0.97 points lower (95% CI -1.26, -0.67)
compared to the ‘no caries’ group, which was statistically significant at
0.001 level. There was no statistically significant difference between the

‘no caries’ and ‘mild caries’ groups.

This negative association remained highly significant even after adjusting
for socio-economic variables (Model 2). However, the magnitude of
association attenuated significantly after adjusting for setting in Model 3,
where the children in moderate and severe caries group had -0.24 (95%

Cl -0.49, -0.00) (p<0.05) and -0.41 (95% CI -0.71, -0.12) (p<0.01) points
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lower HAZ scores compared to caries free group respectively. Following
adjustment for birth weight and early childhood diseases (Model 4) the
association became non-significant for ‘moderate caries’ group and
reduced to 0.40 (95% CI -0.69, -0.10) points for ‘severe caries’ compared

to caries free group.

Model 5 additionally adjusted for OHRQoL (measured by SOHO-5). In this
model, adjusted for all study variables, oral health related quality of life
was not independently associated with HAZ scores. However, after
adjusting for SOHO-5, the regression coefficient for the ‘severe caries’
group was reduced from -0.40 (95% CI -0.69, -0.10) to -0.30 (95% CI
-0.66, 0.07) and became non-significant (comparing Model 4 and 5 in
Table 5.15). Therefore, there was a 25.0% attenuation of regression

coefficient for ‘severe caries’ group after adjusting for OHRQoL.

Exposure: dental sepsis

Similarly, a strong negative association was observed between HAZ
scores and dental sepsis (Table 5.16). Compared to the ‘no sepsis’ group,
the HAZ scores for children in the ‘dental sepsis’ group were 0.60 (95% CI
-0.79, -0.40) points lower which was statistically significant at 0.001 level
(Model 1 of Table 5.16). In the adjusted model (Model 4), the regression
coefficient reduced to -0.23 (95% CI -0.42, -0.03) but still remained

statistically significant (p<0.05).

After adjusting for SOHO-5 the regression coefficient decreased by 34.8%,

from -0.23 (95% CI -0.42, -0.03) to -0.15 (95% CI -0.37, 0.07) and became
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non-significant (comparing Model 4 and 5 in Table 5.16). As before,

SOHO-5 was not independently associated with HAZ scores.

In relation to the covariates; a positive linear association was detected with
maternal education throughout the analyses as the adjusted HAZ scores
were higher for each higher level of maternal education. Monthly family
income of >20-30 thousand Taka was revealed as protective factor.
Adjusting for study setting revealed that children from school setting had
on average 0.67 (95% CI 0.46, 0.89) points higher HAZ scores compared
to children from the hospital setting, considering dental caries as exposure
(Model 4 of Table 5.15); and 0.71 (95% CI 0.50, 0.92) points higher HAZ
scores compared to hospital setting, considering dental sepsis as
exposure (Model 4 of Table 5.16); (p<0.001). Birth weight and childhood
diseases did not show any significant associations with HAZ scores.
Overall, even though the SOHO-5 measure was not independently
associated with height-for-age, the adjustment of SOHO-5 further
attenuated the associations between caries and HAZ, as well as sepsis
and HAZ. This non significant association between SOHO-5 measure and
height-for-age might be an issue of statistical power and the attenuation
provides some evidence that OHRQoL might be on the pathway between

dental caries / sepsis and height-for-age.
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Table 5.15 Results of multiple linear regression models testing the association of dental caries and HAZ and the role of SOHO-5 on this
association: presented as regression coefficient (95% CI) (N= 715)

HAZ Categories Model 1 Model 2 Model 3 Model 4 Model 5
Dental caries  Mild caries -0.22 (-0.49, 0.04)™° -0.21 (-0.46, 0.04)™° -0.07 (-0.32, 0.17)™° -0.07 (-0.32, 0.17)""° -0.01 (-0.29, 0.27)™°
(ref: (dmft+DMFT=1-
dmft+DMFT=  2)
0) Moderate -0.54 (-0.79, -0.29)***  -0.46 (-0.70, -0.22)***  -0.24 (-0.49, -0.00)* -0.24 (-0.48, 0.00)"° -0.14 (-0.46, 0.17)"°
(dmft+DMFT=3-
5)
Severe -0.97 (-1.26, -0.67)***  -0.76 (-1.04, -0.47)***  -0.41 (-0.71, -0.12)** -0.40 (-0.69, -0.10)** -0.30 (-0.66, 0.07)"°
(dmft+DMFT=6-
15)
Maternal Secondary 0.47 (0.21, 0.72)*** 0.32 (0.06, 0.57)* 0.31 (0.06, 0.57)* 0.31 (0.06, 0.57)*
education
(ref=no and
primary Higher 0.74 (0.47, 1.01)*** 0.56 (0.29, 0.83)*** 0.55 (0.28, 0.83)*** 0.55 (0.27, 0.82)***
education) secondary
Tertiary 1.02 (0.71, 1.32)*** 0.86 (0.55, 1.16)*** 0.84 (0.54, 1.14)*** 0.83 (0.53, 1.14)***
Monthly 8-20 thousand 0.19 (-0.08, 0.47)"° 0.22 (-0.04, 0.49)"° 0.20 (-0.06, 0.47)"° 0.20 (-0.06, 0.47)"°
family income
(ref= <8000
Taka) >20-30 0.47 (0.15, 0.79)** 0.54 (0.23, 0.86)** 0.52 (0.21, 0.84)** 0.52 (0.20, 0.83)**
thousand

>30 thousand

0.18 (-0.17, 0.53)"°

0.24 (-0.11, 0.58)"°

0.23 (-0.11, 0.58)"°

0.23 (-0.11, 0.58)"°
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Table 5.15 continued

HAZ Categories Model 1 Model 2

Model 3

Model 4

Model 5

Setting School children
(ref=Hospital)

Birth weight Low weight
(ref= normal
birth weight)

High weight
Childhood Any diseases
diseases
(ref=no)

SOHO-5 (ref= Score 1-14
total score 0)

0.68 (0.47, 0.89)**

0.67 (0.46, 0.89)**

-0.20 (-0.50, 0.11)"°

0.20 (-0.11, 0.51)"°

-0.08 (-0.32, 0.15)"°

0.65 (0.44, 0.87)*

-0.20 (-0.51, 0.10)"°

0.20 (-0.11, 0.51)"°

-0.07 (-0.31, 0.16)"°

-0.13 (-0.39, 0.13)"°

Model 1: unadjusted analysis;

Model 2: Model 1 + socio-economic variables (maternal education+ family income);
Model 3: Model 2 + setting;

Model 4: Model 3 + birth weight, childhood disease;

Model 5: Model 4 + SOHO-5

*** 1n<0.001 **p<0.01 *p<0.05
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Table 5.16 Results of multiple linear regression models testing the association of dental sepsis and HAZ and the role of SOHO-5 on this
association: presented as regression coefficient (95% CI) (N= 715)

HAZ

Categories Model 1

Model 2

Model 3

Model 4

Model 5

Dental
sepsis

(ref:
pufa+PUFA=
0)

Maternal
education
(ref=no and
primary
education)

Monthly
family
income (ref=
<8000 Taka)

Any dental
sepsis
(pufat+tPUFA=1)

-0.60 (-0.79, -0.40)***

Secondary

Higher
secondary

Tertiary

8-20 thousand

>20-30

thousand

>30 thousand

-0.45 (-0.64, -0.26)**

0.49 (0.23, 0.75)***

0.77 (0.50, 1.05)***

1.07 (0.76, 1.37)**

0.16 (-0.11, 0.44)"°

0.43 (0.11, 0.75)*

0.13 (-0.22, 0.49)"°

-0.23 (-0.43, -0.04)*

0.32 (0.07, 0.58)*

0.57 (0.30, 0.84)***

0.88 (0.58, 1.18)***

0.21 (-0.05, 0.48)"°

0.53 (0.21, 0.84)**

0.22 (-0.13, 0.56)"°

-0.23 (-0.42, -0.03)*

0.32 (0.07, 0.57)*

0.56 (0.29, 0.83)***

0.86 (0.56, 1.16)***

0.19 (-0.07, 0.46)"°

0.51 (0.20, 0.82)*

0.21 (-0.13, 0.56)"°

-0.15 (-0.37, 0.07)""°

0.32 (0.07, 0.58)*

0.55 (0.28, 0.82)***

0.85 (0.55, 1.16)***

0.20 (-0.07, 0.47)"®°

0.50 (0.19, 0.82)*

0.22 (-0.12, 0.57)"°
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Table 5.16 continued

HAZ Categories Model 1 Model 2

Model 3

Model 4

Model 5

Setting School children
(ref=Hospital)

Birth weight Low weight
(ref= normal
birth weight)

High weight
Childhood Any diseases
diseases
(ref=no)
SOHO-5 Score 1-14
(ref= total
score 0)

0.72 (0.52, 0.93)**

0.71 (0.50, 0.92)***

-0.20 (-0.51, 0.11)"°

0.21 (-0.10, 0.52)"°

-0.09 (-0.33, 0.14)"°

0.67 (0.45, 0.89)**

-0.21 (-0.51, 0.10)"®

0.21 (-0.10, 0.52)"°

-0.08 (-0.31, 0.16)"°

-0.16 (-0.38, 0.06)"°

Model 1: unadjusted analysis;

Model 2: Model 1 + socio-economic variables (maternal education+ family income);
Model 3: Model 2 + setting;

Model 4: Model 3 + birth weight, childhood disease;

Model 5: Model 4 + SOHO-5

*** 1n<0.001 **p<0.01 *p<0.05



5.4.1.2 Outcome: weight-for-age

Exposure: dental caries

Correspondingly, an inverse linear association was detected between WAZ
scores and dental caries groups (Table 5.17). Before any adjustments,
compared to the ‘no caries’ group, the WAZ scores were -0.34 (95% CI -0.65,
-0.03), -0.80 (95% CI -1.10, -0.50) and -1.27 (95% -1.62, -0.92) points lower
respectively for children in ‘mild’, ‘moderate’ and ‘severe’ caries groups
(Model 1 of Table 5.17). After adjusting for potential confounders, the
association became non-significant for ‘mild caries’ group. For children in
‘moderate’ and ‘severe’ caries groups WAZ scores were -0.43 (95% CI -0.72,
-0.15), and -0.59 (95% CI -0.94, -0.24) points lower compared to the ‘no
caries’ group (respectively) and still remained statistically significant at 0.01

level (Model 4 of Table 5.17).

SOHO-5 showed a significant negative association with WAZ scores when
dental caries was considered as the exposure. Children with any oral impact
(SOHO-5 score 1-14) had 0.37 (95% CI -0.68, -0.07) points lower WAZ
scores compared to children with ‘no oral impact’ (SOHO-5 score = 0) after
adjusting for all other variables (p<0.05) (Model 5 in Table 5.17). Moreover,
after adjusting for SOHO-5, the associations between WAZ scores with
moderate and severe caries groups were attenuated. The coefficients
reduced by 67.4% and 50.8% respectively and became non-significant

(comparing Model 4 and 5 in Table 5.17).
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Exposure: dental sepsis

Similarly, children having any dental sepsis had on average 0.78 (95% CI
-1.02, -0.55) point lower WAZ scores in the crude model (Model 1 of Table
5.18) and 0.33 (95% CI -0.56, -0.10) point lower WAZ scores in the adjusted

model (Model 4 of Table 5.18), compared to ‘no sepsis’ group.

Model 5 of Table 5.18 demonstrated that considereding dental sepsis as the
exposure, children with any oral impact had 0.41 (95% CI -0.67, -0.15) points
lower WAZ scores compared to children with no oral impacts, even after
accounting for all other confounders (p<0.01). Furthermore, the coefficient for
the association between sepsis and WAZ scores reduced from -0.33 (95% ClI
-0.56, -0.10) to -0.14 (95% CI -0.40, 0.12) (reduced by 57.6%) and became
non-significant after accounting for SOHO-5 (comparing Model 4 and 5 in
Table 5.18). Thus OHRQoL could be considered as a potential mediator to

explain the negative associations between dental sepsis and weight-for-age.

Other covariates showed a similar pattern of association as before, except for
statistically significant association between birth weight and WAZ, where low
birth weight was negatively and high birth weight was positively associated
with WAZ scores considering both dental caries and sepsis as exposures.
Children with history of low birth weight had significantly lower WAZ scores
and children who had history of high birth weight had significantly higher

WAZ scores compared to normal birth weight children.
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Table 5.17 Results of multiple linear regression models testing the association of dental caries and WAZ and the role
association: presented as regression coefficient (95% CI) (N= 715)

of SOHO-5 on this

WAZ Categories Model 1 Model 2 Model3 Model 4 Model 5
Dental caries  Mild caries -0.34 (-0.65, -0.03)* -0.32 (-0.61, -0.02)* -0.16 (-0.45, 0.13)"° -0.16 (-0.45, 0.13)"° 0.03 (-0.30, 0.35)"°
(ref: (dmft+DMFT=1-
dmft+DMFT=  2)
0) Moderate -0.80 (-1.10, -0.50)***  -0.68 (-0.97, -0.40)***  -0.44 (-0.73, -0.15)** -0.43 (-0.72,-0.15)**  -0.14 (-0.51, 0.22)"°
(dmft+DMFT=3-
5)
Severe -1.27 (-1.62, -0.92)***  -1.03 (-1.37, -0.69)***  -0.63 (-0.98, -0.27)** -0.59 (-0.94, -0.24)**  -0.29 (-0.72, 0.13)"°
(dmft+DMFT=6-
15)
Maternal Secondary 0.47 (0.16, 0.77)** 0.29 (-0.01, 0.59)"° 0.28 (-0.02, 0.58)"° 0.28 (-0.02, 0.58)"°
education
(ref=no and
primary Higher 0.83 (0.51, 1.15)*** 0.62 (0.30, 0.94)*** 0.60 (0.28, 0.92)*** 0.57 (0.26, 0.89)***
education) secondary
Tertiary 1.08 (0.72, 1.45)*** 0.90 (0.54, 1.26)*** 0.86 (0.50, 1.21)*** 0.84 (0.48, 1.20)***
Monthly 8-20 thousand 0.24 (-0.08, 0.57)"° 0.27 (-0.04, 0.59)"° 0.23 (-0.08, 0.54)"° 0.23 (-0.08, 0.54)"°
family income
(ref= <8000
Taka) >20-30 0.73 (0.35, 1.12)*** 0.82 (0.45, 1.19)*** 0.78 (0.41, 1.15)**+ 0.76 (0.39, 1.13)***
thousand

>30 thousand

0.47 (0.05, 0.89)*

0.53 (0.12, 0.94)*

0.53 (0.12, 0.93)*

0.53 (0.13, 0.93)*
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Table 5.17 continued

WAZ Categories Model 1 Model 2

Model 3

Model 4

Model 5

Setting School children
(ref=Hospital)

Birth weight Low weight
(ref= normal
birth weight)

High weight
Childhood Any diseases
diseases
(ref=no)

SOHO-5 (ref=  Score 1-14
total score 0)

0.79 (0.54, 1.04)**

0.78 (0.52, 1.03)***

-0.54 (-0.90, -0.18)**

0.43 (0.07, 0.79)*

-0.22 (-0.50, 0.05)"°

0.73 (0.47, 0.98)***

-0.55 (-0.91, -0.19)**

0.43 (0.07, 0.79)*

-0.19 (-0.47, 0.08)"°

-0.37 (-0.68, -0.07)*

Model 1: unadjusted analysis;

Model 2: Model 1 + socio-economic variables (maternal education+ family income);
Model 3: Model 2 + setting;

Model 4: Model 3 + birth weight, childhood disease;

Model 5: Model 4 + SOHO-5

*** n<0.001 **p<0.01 *p<0.05
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Table 5.18 Results of multiple linear regression models testing the association of dental sepsis and WAZ and the role of SOHO-5 on this
association: presented as regression coefficient (95% CI) (N= 715)

WAZ

Categories Model 1

Model 2

Model 3

Model 4

Model 5

Dental sepsis
(ref:
pufa+PUFA=
0)

Maternal
education
(ref= no and
primary
education)

Monthly
family income
(ref= <8000
Taka)

Any dental
sepsis
(pufa+tPUFA=1-
14)

-0.78 (-1.02, -0.55)***

Secondary

Higher
secondary

Tertiary

8-20 thousand

>20-30

thousand

>30 thousand

-0.61 (-0.83, -0.38)***

0.49 (0.19, 0.80)**

0.87 (0.54, 1.19)**

1.15 (0.79, 1.51)**

0.20 (-0.12, 0.53)"°

0.69 (0.31, 1.08)***

0.41 (-0.01, 0.83)"°

-0.35 (-0.58, -0.11)**

0.29 (-0.00, 0.59)"°

0.62 (0.30, 0.94)***

0.93 (0.57, 1.29)***

0.26 (-0.06, 0.57)°

0.81 (0.43, 1.18)***

0.50 (0.09, 0.91)*

-0.33 (-0.56, -0.10)**

0.28 (-0.02, 0.58)"°

0.60 (0.28, 0.92)***

0.88 (0.52, 1.23)***

0.21 (-0.10, 0.53)"°

0.77 (0.40, 1.14)**

0.50 (0.09, 0.91)*

-0.14 (-0.40, 0.12)™°

0.29 (-0.00, 0.59)"°

0.58 (0.27, 0.90)***

0.86 (0.51, 1.22)**

0.23 (-0.08, 0.54)"°

0.75 (0.38, 1.11)***

0.52 (0.11, 0.92)*
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Table 5.18 continued

WAZ Categories Model 1 Model 4

Model 3

Model 4

Model 5

Setting School children
(ref=Hospital)

Birth weight Low weight
(ref= normal
birth weight)

High weight
Childhood Any diseases
diseases
(ref=no)

SOHO-5 (ref=  Score 1-14
total score 0)

0.86 (0.61, 1.10)***

0.84 (0.59, 1.09)***

-0.54 (-0.90, -0.18)**

0.44 (0.07, 0.80)*

-0.24 (-0.51, 0.04)"°

0.74 (0.49, 1.00)***

-0.56 (-0.92, -0.20)*

0.44 (0.07, 0.80)*

-0.19 (-0.47, 0.08)"°

-0.41 (-0.67, -0.15)**

Model 1: unadjusted analysis;

Model 2: Model 1 + socio-economic variables (maternal education+ family income);
Model 3: Model 2 + setting;

Model 4: Model 3 + birth weight, childhood disease;

Model 5: Model 4 + SOHO-5

*** 1n<0.001 **p<0.01 *p<0.05



5.4.1.3 Outcome: BMI-for-age

Exposure: dental caries

As expected, a negative linear association was observed between BAZ
scores and dental caries (Table 5.19). BAZ scores were -0.68 (95% CI -0.98,
-0.38) points lower for ‘moderate caries’ and -0.96 (95% CI -1.31, -0.61) point
lower for ‘severe caries’ groups, compared to the no caries group, which was
statistically significant at <0.001 level. No statistical difference was observed
between ‘mild caries’ and ‘no caries’ groups. The magnitude of association
reduced to -0.43 (95% CI -0.72, -0.13) and -0.50 (95% -0.87, -0.13) for
moderate and severe caries groups (respectively) in the adjusted model but

remained significant at 0.01 level (Model 4 of Table 5.19).

OHRQoL (SOHO-5) was negatively associated with BAZ scores. When
dental caries was considered as exposure, children having any negative oral
impact had 0.43 (95% CI -0.75, -0.11) lower BAZ scores compared to
children without any negative oral impact, after considering all covariates
(p<0.01) (Model 5 in Table 5.19). Additionally, after adjusting for SOHO-5,
the coefficients for moderate and severe dental caries groups were reduced
by 76.8% and 68.0% respectively and became non-significant (comparing

Model 4 and 5 in Table 5.19).
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Exposure: dental sepsis

Similarly, a negative association was observed between BAZ scores and
dental sepsis (Table 5.20). Children with any dental sepsis had 0.29 (95% CI
-0.53, -0.05) point lower BAZ scores than ‘no dental sepsis’ group (p<0.05)

after adjusting for potential confounders (Model 4 of Table 5.20).

Children with any oral impact had 0.46 (95% CI -0.73, -0.19) point lower BAZ
scores compared to children with no oral impact, after accounting for all other
covariates (Model 5 in Table 5.20) (p<0.01). Furthermore, the coefficient for
dental sepsis was reduced from -0.29 (95% CI -0.53, -0.05) to -0.07 (95% CI
-0.34, 0.19) (reduced by 75.9%) after accounting for SOHO-5 and became
non-significant (comparing Model 4 and 5 in Table 5.20). Therefore, as it was
hypothesized, OHRQoL could be considered as a potential mediator to
explain the negative association between dental caries / sepsis, and BMI-for-

age.

The covariates showed similar patterns of associations as before, with only
exception for maternal education, where BAZ scores for ‘secondary

education’ group were not significantly different from the ‘no education’

group.
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Table 5.19 Results of multiple linear regression models testing the association of dental caries and BAZ and the role of SOHO-5 on this
association: presented as regression coefficient (95% CI) (N= 715)

BAZ

Categories Model 1

Model 2

Model 3

Model 4

Model 5

Dental caries
(ref:
dmft+DMFT=
0)

Maternal
education
(ref=no and
primary
education)

Monthly
family income
(ref= <8000
Taka)

Mild caries -0.28 (-0.60, 0.03)"°
(dmft+DMFT=1-
2)

Moderate
(dmft+DMFT=3-
5)

Severe
(dmft+DMFT=6-
15)

Secondary

-0.68 (-0.98, -0.38)***

-0.96 (-1.31, -0.61)***

Higher
secondary

Tertiary

8-20 thousand

>20-30

thousand

>30 thousand

-0.26 (-0.57, 0.04)"°

-0.59 (-0.89, -0.30)***

-0.80 (-1.15, -0.46)***

0.24 (-0.07, 0.56)"°

0.54 (0.21, 0.87)*

0.67 (0.29, 1.04)*

0.19 (-0.15, 0.52)"°

0.65 (0.26, 1.04)*

0.54 (0.11, 0.98)*

-0.16 (-0.46, 0.15)"°

-0.43 (-0.73, -0.13)**

-0.54 (-0.91, -0.17)**

0.13 (-0.18, 0.44)"°

0.40 (0.07, 0.74)*

0.55 (0.17, 0.92)**

0.21 (-0.12, 0.54)"°

0.71 (0.32, 1.10)***

0.59 (0.16, 1.01)**

-0.16 (-0.46, 0.14)"°

-0.43 (-0.72, -0.13)**

-0.50 (-0.87, -0.13)**

0.11 (-0.19, 0.43)"°

0.38 (0.05, 0.71)*

0.50 (0.12, 0.87)*

0.16 (-0.17, 0.48)"°

0.66 (0.28, 1.05)**

0.58 (0.16, 1.00)**

0.05 (-0.29, 0.39)"°

-0.10 (-0.48, 0.29)"°

-0.16 (-0.61, 0.28)"°

0.12 (-0.19, 0.42)"°

0.35 (0.02, 0.68)*

0.48 (0.11, 0.85)*

0.16 (-0.17, 0.48)"°

0.64 (0.25, 1.02)**

0.59 (0.17, 1.01)**




64T

Table 5.19 continued

BAZ Categories Model 1 Model 2

Model 3

Model 4

Model 5

Setting School children
(ref=Hospital)

Birth weight Low weight
(ref= normal
birth weight)

High weight
Childhood Any diseases
diseases
(ref=no)
SOHO-5 (ref= Score 1-14

total score 0)

0.51 (0.25, 0.77)**

0.51 (0.24, 0.77)***

-0.63 (-1.00, -0.25)**

0.44 (0.07, 0.83)*

-0.25 (-0.53, 0.04)"®

0.45 (0.18, 0.71)*

-0.64 (-1.02, -0.27)**

0.45 (0.07, 0.83)*

-0.21 (-0.50, 0.07)®

-0.43 (-0.75, -0.11)**

Model 1: unadjusted analysis;

Model 2: Model 1 + socio-economic variables (maternal education+ family income);
Model 3: Model 2 + setting;

Model 4: Model 3 + birth weight, childhood disease;

Model 5: Model 4 + SOHO-5

*** 1n<0.001 **p<0.01 *p<0.05
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Table 5.20 Results of multiple linear regression models testing the association of dental sepsis and BAZ and the role of SOHO-5 on this
association: presented as regression coefficient (95% CI) (N= 715)

BAZ

Categories Model 1

Model 2

Model 3

Model 4

Model 5

Dental sepsis
(ref:
pufa+tPUFA=
0)

Maternal
education
(ref=no and
primary
education)

Monthly
family income
(ref= <8000
Taka)

Any dental
sepsis
(pufat+tPUFA=1)

-0.60 (-0.84, -0.37)**

Secondary

Higher
secondary

Tertiary

8-20 thousand

>20-30

thousand

>30 thousand

-0.48 (-0.71, -0.24)*

0.26 (-0.05, 0.57)"°

0.56 (0.23, 0.89)**

0.71 (0.34, 1.09)***

0.16 (-0.18, 0.49)"°

0.62 (0.23, 1.02)*

0.50 (0.07, 0.93)*

-0.30 (-0.54, -0.06)*

0.13 (-0.18, 0.44)"°

0.40 (0.06, 0.73)*

0.57 (0.19, 0.94)**

0.19 (-0.14, 0.52)"°

0.70 (0.31, 1.09)***

0.56 (0.14, 0.99)*

-0.29 (-0.53, -0.05)*

0.11 (-0.20, 0.42)"°

0.37 (0.04, 0.70)*

0.51 (0.14, 0.88)**

0.14 (-0.18, 0.47)"°

0.66 (0.27, 1.04)**

0.56 (0.14, 0.98)**

-0.07 (-0.34, 0.19)"®

0.12 (-0.18, 0.43)"°

0.35 (0.03, 0.68)*

0.49 (0.13, 0.86)**

0.16 (-0.16, 0.49)"°

0.63 (0.25, 1.01)*

0.58 (0.16, 1.00)**
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Table 5.20 continued

BAZ Categories Model 1 Model 2

Model 3

Model 4

Model 5

Setting School children
(ref=Hospital)

Birth weight Low weight
(ref= normal
birth weight)

High weight
Childhood Any diseases
diseases
(ref=no)

SOHO-5 (ref= Score 1-14
total score 0)

0.58 (0.32, 0.83)***

0.56 (0.30, 0.82)**

-0.63 (-1.01, -0.25)**

0.45 (0.07, 0.83)*

-0.26 (-0.55, 0.02)"°

0.46 (0.19, 0.72)**

-0.65 (-1.02, -0.28)**

0.45 (0.07, 0.83)*

-0.21 (-0.50, 0.07)°

-0.46 (-0.73, -0.19)**

Model 1: unadjusted analysis;

Model 2: Model 1 + socio-economic variables (maternal education+ family income);
Model 3: Model 2 + setting;

Model 4: Model 3 + birth weight, childhood disease;

Model 5: Model 4 + SOHO-5

*** 1n<0.001 **p<0.01 *p<0.05



Summary

The multiple regression analyses demonstrated statistically significant
negative linear associations between dental caries and all three outcomes.
However, the ‘mild caries’ group was not statistically different from the ‘no
caries’ group. After the adjustment for all potential confounders, children with
moderate and severe levels of caries had lower WAZ and BAZ scores
compared to the no caries group. HAZ scores were significantly lower only
for ‘severe caries’ group (demonstrating impact of severe caries on long term
child growth indicator: height). As expected, children with dental sepsis had

significantly lower HAZ, WAZ and BAZ scores compared to the ‘no sepsis’

group.

SOHO-5 was found to be negatively associated with WAZ and BAZ scores
after accounting for all other variables, while the association with HAZ scores
was not statistically significant. Moreover, after adjusting for SOHO-5, the
regression coefficients for the associations between dental caries / sepsis
and anthropometric outcomes were attenuated and became non-significant.
Therefore, the results are consistent with the hypothesis that OHRQoL is on
pathway between dental caries and sepsis, and weight-for -age and BMI-for-

age.
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5.4.2 Testing the effect of dental pain, eating difficulty, reduced
appetite and sleep disturbance on the association between dental

caries / sepsis, and anthropometric outcomes

This section presents the findings in relation to objective four, which was to
examine the specific role of potential mediators in the association between
dental caries / sepsis and HAZ, WAZ and BAZ scores. In order to test the
changes in the association between exposures and outcomes, these
potential mediators were sequentially adjusted for, starting with Model 4 from
the previous section (which was adjusted for all potential confounders but not
for SOHO-5). The results are presented in Table 5.21-5.26. Model 6 was
adjusted for maternal education, family income, setting, birth weight,
childhood disease and dental pain. Then eating difficulty, reduced appetite,
and seeping disturbance were sequentially added (Model 7 to Model 9). In
these tables, Model 4 is presented again (the same model previously shown
in Tables 5.15-5.20) to compare the changes of the regression coefficients

conveniently.

5.4.2.1 Outcome: Height-for-age

Exposure: dental caries

Dental pain experience did not show any statistical significant association
with HAZ scores when dental caries was considered as exposure, after
controlling for all other confounders. However, adjustment for dental pain
resulted in attenuation of the association between dental caries and HAZ

scores. The coefficient of the association for ‘severe caries’ group reduced by
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15.0%, from -0.40 (95% CI -0.69, -0.10) to -0.34 (95% CI -0.70, 0.01), and
became non-significant (comparing Model 4 and 6 of Table 5.21). Eating
difficulty was not significantly associated with HAZ scores (Model 7 in Table
5.21). However, adjusting for eating difficulty further attenuated the
association between dental caries and HAZ scores when compared to Model
6. The coefficient for severe caries group was reduced to -0.27 (95% CI
-0.64, 0.10) (20.6% reduction) and remained non-significant (comparing
Model 6 and 7 in Table 5.21). Following additional adjustment for reduced
appetite (Model 8) and sleep disturbance (Model 9), the coefficients did not
change further. None of these potential mediators showed any significant

association with HAZ when other confounders were taken into account.

Exposure: dental sepsis

Similarly, when dental sepsis was considered as an exposure, no statistical
significant association was observed between dental pain and HAZ scores.
Nevertheless, after the adjustment process, the coefficient for the association
between dental sepsis and HAZ scores reduced by 26.1%, from -0.23 (95%
Cl -0.42, -0.03) to -0.17 (95% CI -0.39, 0.05), and became non-significant
(comparing Model 4 and 6 of Table 5.22). Likewise, ‘eating difficulty’ was not
significantly associated with HAZ scores (Model 7 in 5.22). However,
adjusting for eating difficulty further attenuated the association between
dental caries and HAZ scores when compared to Model 6. As before, neither
reduced appetite nor sleep disturbance was associated with HAZ scores, nor
did they attenuate the coefficient of association between sepsis and height-
for-age.
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Table 5.21 Results of multiple linear regression models testing the role of dental pain, eating difficulty, reduced appetite and Sleep disturbance on

the association of dental caries and HAZ: presented as Regression coefficient (95% CI)(N= 715)

HAZ Categories Model 4 Model 6 Model 7 Model 8 Model 9
Dental caries  Mild caries -0.07 (-0.32, 0.17)"° -0.04 (-0.31, 0.23)"° -0.02 (-0.29, 0.25)"° -0.02 (-0.29, 0.25)"° -0.02 (-0.30, 0.25)"°
(ref: (dmft+DMFT=1-
dmft+DMFT=  2)
0) Moderate -0.24 (-0.48, 0.00)"® -0.19 (-0.49, 0.11)"° -0.15 (-0.46, 0.16)"° -0.15 (-0.46, 0.16)"° -0.15 (-0.46, 0.16)"°
(dmft+DMFT=3-
5)
Severe -0.40 (-0.69, -0.10)** -0.34 (-0.70, 0.01)"° -0.27 (-0.64, 0.10)"° -0.26 (-0.64, 0.11)"° -0.27 (-0.64, 0.10)"°
(dmft+DMFT=6-
max)
Maternal Secondary 0.31 (0.06, 0.57)* 0.31 (0.06, 0.56)* 0.31 (0.06, 0.57)* 0.31 (0.06, 0.57)* 0.32 (0.06, 0.57)*
education
(ref=no and
primary Higher 0.55 (0.28, 0.83)*** 0.55 (0.28, 0.82)*** 0.56 (0.29, 0.83)*** 0.55 (0.28, 0.83)*** 0.56 (0.28, 0.83)***
education) secondary
Tertiary 0.84 (0.54, 1.14)*** 0.84 (0.53, 1.14)*** 0.83 (0.53, 1.13)*** 0.82 (0.52, 1.13)*** 0.82 (0.52, 1.13)***
Monthly 8-20 thousand 0.20 (-0.06, 0.47)"° 0.20 (-0.06, 0.47)"° 0.20 (-0.06, 0.47)"° 0.20 (-0.06, 0.47)"° 0.20 (-0.06, 0.47)"°
family income
(ref= <8000
Taka) >20-30 0.52 (0.21, 0.84)** 0.52 (0.21, 0.84)** 0.51 (0.19, 0.82)** 0.51 (0.20, 0.82)** 0.51 (0.20, 0.83)**
thousand

>30 thousand

0.23 (-0.11, 0.58)"°

0.23 (-0.11, 0.58)"°

0.22 (-0.12, 0.57)"°

0.23 (-0.12, 0.57)"°

0.23 (-0.12, 0.57)"°




Table 5.21 continued

HAZ

Categories

Model 4

Model 6

Model 7

Model 8

Model 9

Setting
(ref=Hospital)

School children

0.67 (0.46, 0.89)***

0.67 (0.46, 0.89)**

0.63 (0.41, 0.86)***

0.63 (0.41, 0.85)**

0.62 (0.40, 0.85)***

Birth weight ~ Low weight -0.20 (-0.50, 0.11)"° -0.20 (-0.51, 0.11)"® -0.21 (-0.51, 0.10)"° -0.20 (-0.51, 0.10)"® -0.20 (-0.51, 0.10)"®
(ref= normal
birth weight)

High weight 0.20 (-0.11, 0.51)"® 0.20 (-0.11, 0.51)"° 0.19 (-0.12, 0.50)"° 0.19 (-0.12, 0.50)"° 0.19 (-0.12, 0.50)"°
Childhood Any diseases -0.08 (-0.32, 0.15)"° -0.08 (-0.31, 0.16)"° -0.07(-0.30, 0.16)"° -0.06 (-0.30, 0.17)"° -0.06 (-0.30, 0.17)"°
diseases
(ref=no)
Dental pain Dental pain -0.07 (-0.31, 0.17)"® -0.02 (-0.27, 0.23)"° -0.01 (-0.26, 0.24)"° -0.02 (-0.29, 0.24)"®
(ref= no)
Eating Eating difficulty -0.16 (-0.40, 0.07)"° -0.15 (-0.40, 0.09)"° -0.16 (-0.41, 0.09)"°
difficulty (ref=  scorel-9
score 0)
Reduced Reduced -0.06 (-0.32, 0.20)"® -0.07 (-0.34, 0.20)"°
appetite appetite
(ref=no)
Sleep Sleep 0.04 (-0.21, 0.28)"°
disturbance disturbance
(ref=no)

Model 4: unadjusted analysis+ socio-economic variables (maternal education+ family income) + setting+ birth weight + childhood diseases
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Model 6: Model 4 + dental pain; Model 7: Model 6 + eating difficulty; Model 8: Model 7 + reduced appetite; Model 9: Model 8 + Sleep disturbance
** n<0.001 **p<0.01 *p<0.05
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Table 5.22 Results of multiple linear regression models testing the role of dental pain, eating difficulty, reduced appetite and Sleep disturbance on

the association of dental sepsis and HAZ: presented as Regression coefficient (95% CI)(N= 715)

HAZ

Categories

Model 4

Model 6

Model 7

Model 8

Model 9

Dental sepsis
(ref:
pufa+PUFA=
0)

Maternal
education
(ref=no and
primary
education)

Monthly
family income
(ref= <8000
Taka)

Setting
(ref=Hospital)

Any dental
sepsis
(pufatPUFAZ=1)

Secondary
Higher
secondary
Tertiary

8-20 thousand
>20-30
thousand

>30 thousand

School children

-0.23 (-0.42, -0.03)*

0.32 (0.07, 0.57)*

0.56 (0.29, 0.83)***

0.86 (0.56, 1.16)***

0.19 (-0.07, 0.46)"°

0.51 (0.20, 0.82)**

0.21 (-0.13, 0.56)"°

0.71 (0.50, 0.92)***

-0.17 (-0.39, 0.05)™®

0.32 (0.07, 0.57)*

0.56 (0.29, 0.83)***

0.85 (0.55, 1.16)***

0.20 (-0.07, 0.47)"°

0.51 (0.19, 0.82)*

0.22 (-0.13, 0.56)"°

0.70 (0.48, 0.91)***

-0.12 (-0.35, 0.11)™®

0.32 (0.07, 0.58)*

0.57 (0.30, 0.84)***

0.84 (0.54, 1.15)**

0.20 (-0.07, 0.46)"°

0.50 (0.18, 0.81)**

0.21 (-0.13, 0.55)"°

0.65 (0.43, 0.87)***

-0.11 (-0.34, 0.12)"®

0.32 (0.07, 0.57)*

0.56 (0.29, 0.83)***

0.84 (0.53, 1.14)**

0.20 (-0.07, 0.47)"°

0.50 (0.19, 0.81)**

0.22 (-0.13, 0.56)"°

0.65 (0.42, 0.87)***

-0.12 (-0.35, 0.11)™°

0.32 (0.07, 0.58)*

0.56 (0.29, 0.84)**

0.84 (0.54, 1.14)**

0.20 (-0.06, 0.47)"°

0.50 (0.19, 0.82)*

0.22 (-0.13, 0.56)"°

0.64 (0.42, 0.86)***
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Table 5.22 continued

HAZ

Categories

Model 4

Model 6

Model 7

Model 8

Model 9

Birth weight
(ref= normal
birth weight)

Childhood
diseases
(ref=no)

Dental pain
(ref=no)

Eating
difficulty (ref=
score 0)

Reduced
appetite
(ref= no)

Sleep
disturbance
(ref=no)

Low weight

High weight

Any diseases

Dental pain

Eating difficulty
score=1-9

Reduced
appetite

Sleep
disturbance

-0.20 (-0.51, 0.11)™°

0.21 (-0.10, 0.52)°

-0.09 (-0.33, 0.14)"°

-0.21 (-0.51, 0.10)"®

0.20 (-0.11, 0.51)"°

-0.08 (-0.32, 0.15)"°

-0.12 (-0.33, 0.09)"°

-0.21 (-0.52, 0.09)"°

0.19 (-0.12, 0.50)"°

-0.07 (-0.31, 0.16)"°

-0.05 (-0.28, 0.17)"®

-0.18 (-0.42, -0.05) "°

-0.21 (-0.52, 0.10)"®

0.19 (-0.12, 0.50)"°

-0.06 (-0.30, 0.17)"°

-0.05 (-0.28, 0.18)°

-0.17 (-0.41, 0.07)"°

-0.07 (-0.32, 0.19)"°

-0.21 (-0.52, 0.10)"°

0.19 (-0.12, 0.50)"°

-0.06 (-0.30, 0.17)"°

-0.06 (-0.30, 0.18)"°

-0.18 (-0.43, 0.07)"®

-0.08 (-0.34, 0.19)"°

0.04 (-0.21, 0.29)"°

Model 4: unadjusted analysis+ socio-economic variables (maternal education+ family income) + setting+ birth weight + childhood diseases
Model 6: Model 4 + dental pain; Model 7: Model 6 + eating difficulty; Model 8: Model 7 + reduced appetite; Model 9: Model 8 + Sleep disturbance

*++ n<0.001 **p<0.01 *p<0.05



5.4.2.2 Outcome: weight-for-age

Exposure: dental caries

Dental pain experience did not show any statistical significant association
with WAZ scores when dental caries was considered as exposure, after
controlling for all other confounders. However, adjustment for dental pain
attenuated the association between dental caries and WAZ scores. In the
dental pain adjusted analysis the coefficient for ‘moderate caries’ group was
reduced by 20.9%, from -0.43 (95% CI -0.72, -0.15) to -0.34 (95% CI -0.70,
0.01), and became non-significant. For ‘severe caries’ group the coefficient
reduced by 16.9%, from -0.59 (95% CI -0.94, -0.24) to -0.49 (95% CI -0.91,
-0.07), but remained significant at 0.05 level (comparing Model 4 and 6 in

Table 5.23).

On the other hand, when ‘eating difficulty’ was additionally adjusted for, it
showed a significant negative association with WAZ scores (Model 7 in Table
5.23). Children with any eating difficulty had 0.38 (95% CI -0.66, -0.10) points
lower WAZ scores compared to children with no eating difficulty (p<0.01).
Adjustment for ‘eating difficulty’ also led to a significant attenuation of the
association between dental caries and WAZ scores. The coefficients were
attenuated by 29.4% for ‘moderate caries’ group to -0.24 (95% CI -0.60,
0.12) and by 34.7% for ‘severe caries’ group to -0.32 (95% CI -0.76, 0.11),
and became non-significant (comparing Model 6 and 7 in Table 5.23). The
additional adjustment for ‘reduced appetite’ and ‘sleep disturbance’ did not

lead to further attenuation.
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Exposure: dental sepsis

Similarly, when dental sepsis was considered as an exposure, no statistical
significant association was observed between dental pain and WAZ scores.
Yet, the coefficient for the association between dental sepsis and WAZ
scores reduced by 30.3%, from -0.33 (95% CI -0.56, -0.10) to -0.22 (95% ClI
-0.48, 0.04) and became non-significant after the adjustment for dental pain

(comparing Model 4 and 6 in Table 5.24).

As before, ‘eating difficulty’ showed significant negative association with WAZ
scores considering dental sepsis as an exposure. Children with any eating
difficulty had 0.42 (95% CI -0.70, -0.14) points lower WAZ scores compared
to children with no eating difficulty (p<0.01) (Model 7 in Table 5.24). Also the
coefficient of association of dental sepsis and WAZ scores was attenuated to
-0.11 (95% CI -0.38, 0.16) points (reduced by 50.0%) and remained non-

significant (comparing Model 6 and 7 in Table 5.24).

Similar to HAZ, ‘reduced appetite’ (Model 8) and ‘sleep disturbance’ (Model
9) did not show any significant association with WAZ scores and their
inclusion did not lead to any further significant attenuation in the association
of both dental caries and sepsis with WAZ scores. Moreover, among all
potential mediators only eating difficulty showed significant negative

association with WAZ scores throughout the analyses process.
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Table 5.23 Results of multiple linear regression models testing the role of dental pain, eating difficulty, reduced appetite and Sleep disturbance on

the association of dental caries and WAZ: presented as Regression coefficient (95% CI)(N= 715)

WAZ Categories Model 4 Model 6 Model 7 Model 8 Model 9
Dental caries  Mild caries -0.16 (-0.45, 0.13)"° -0.10 (-0.42, 0.22)"° -0.05 (-0.37, 0.27)™° -0.05 (-0.37, 0.27)""° -0.05 (-0.37, 0.27)"°
(ref: (dmft+DMFT=1-
dmft+DMFT=  2)
0) Moderate -0.43 (-0.72, -0.15)** -0.34 (-0.70, 0.01)"° -0.24 (-0.60, 0.12)"° -0.24 (-0.60, 0.12)"° -0.25 (-0.61, 0.11)"°
(dmft+DMFT=3-
5)
Severe -0.59 (-0.94, -0.24)** -0.49 (-0.91, -0.07)* -0.32 (-0.76, 0.11)° -0.31 (-0.74, 0.13)"° -0.32 (-0.76, 0.11)"°
(dmft+DMFT=6-
max)
Maternal Secondary 0.28 (-0.02, 0.58)"° 0.28 (-0.02, 0.58)"° 0.28 (-0.01, 0.58)"° 0.28 (-0.02, 0.58)"° 0.29 (-0.01, 0.59)"°
education
(ref=no and
primary Higher 0.60 (0.28, 0.92)*** 0.60 (0.28, 0.91)*** 0.61 (0.29, 0.93)*** 0.60 (0.28, 0.92)*** 0.61 (0.29, 0.93)***
education) secondary
Tertiary 0.86 (0.50, 1.21)*** 0.85 (0.49, 1.21)** 0.83 (0.48, 1.19)*** 0.82 (0.46, 1.18)*** 0.83 (0.47, 1.18)***
Monthly 8-20 thousand 0.23 (-0.08, 0.54)"° 0.23 (-0.08, 0.55)"° 0.22 (-0.09, 0.54)"° 0.23 (-0.08, 0.54)"° 0.23 (-0.08, 0.54)"°
family income
(ref= <8000
Taka) >20-30 0.78 (0.41, 1.15)*** 0.78 (0.41, 1.15)*** 0.74 (0.38, 1.11)*** 0.75 (0.38, 1.12)*** 0.75 (0.39, 1.12)***
thousand

>30 thousand

0.53 (0.12, 0.93)*

0.52 (0.12, 0.93)*

0.50 (0.10, 0.91)*

0.51 (0.11, 0.92)*

0.51 (0.11, 0.92)*
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Table 5.23 continued

WAZ

Categories

Model 3

Model 6

Model 7

Model 8

Model 9

Setting
(ref=Hospital)

Birth weight
(ref= normal
birth weight)

Childhood
diseases
(ref=no)

Dental pain
(ref= no)

Eating
difficulty (ref=
score 0)

Reduced
appetite
(ref=no)

Sleep
disturbance
(ref=no)

School children

Low weight

High weight

Any diseases

Dental pain

Eating difficulty
scorel-9

Reduced
appetite

Sleep
disturbance

0.78 (0.52, 1.03)**

-0.54 (-0.90, -0.18)**

0.43 (0.07, 0.79)*

-0.22 (-0.50, 0.05)"°

0.77 (0.52, 1.03)***

-0.54 (-0.90, -0.18)**

0.42 (0.06, 0.78)*

-0.21 (-0.49, 0.06)"°

-0.12 (-0.40, 0.16)"°

0.69 (0.43, 0.95)**

-0.56 (-0.92, -0.20)**

0.40 (0.04, 0.76)*

-0.19 (-0.47, 0.08)"°

-0.00 (-0.30, 0.29)"°

-0.38 (-0.66, -0.10)**

0.68 (0.42, 0.94)***

-0.55 (-0.91, -0.19)**

0.40 (0.04, 0.77)*

-0.18 (-0.46, 0.10)"°

0.00 (-0.29, 0.30)°

-0.36 (-0.64, -0.07)*

-0.14 (-0.44, 0.16)"°

0.66 (0.40, 0.92)***

-0.55 (-0.91, -0.19)**

0.40 (0.04, 0.77)*

-0.18 (-0.45, 0.10)"°

-0.03 (-0.34, 0.27)"°

-0.38 (-0.67, -0.09)*

-0.17 (-0.48, 0.14)"®

0.12 (-0.17, 0.40)"®

Model 4: unadjusted analysis+ socio-economic variables (maternal education+ family income) + setting+ birth weight + childhood diseases
Model 6: Model 4 + dental pain; Model 7: Model 6 + eating difficulty; Model 8: Model 7 + reduced appetite; Model 9: Model 8 + Sleep disturbance

*+ n<0.001 **p<0.01 *p<0.05
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Table 5.24 Results of multiple linear regression models testing the role of dental pain, eating difficulty, reduced appetite and Sleep disturbance on

the association of dental sepsis and WAZ: presented as Regression coefficient (95% CI)(N= 715)

WAZ

Categories

Model 4

Model 6

Model 7

Model 8

Model 9

Dental sepsis
(ref:
pufa+PUFA=
0)

Maternal
education
(ref=no and
primary
education)

Monthly
family income
(ref= <8000
Taka)

Any dental
sepsis

(pufatPUFAZ=1)

Secondary

Higher
secondary

Tertiary

8-20 thousand

>20-30

thousand

>30 thousand

-0.33 (-0.56, -0.10)**

0.28 (-0.02, 0.58)"°

0.60 (0.28, 0.92)***

0.88 (0.52, 1.23)***

0.21 (-0.10, 0.53)"°

0.77 (0.40, 1.14)***

0.50 (0.09, 0.91)*

-0.22 (-0.48, 0.04)"™

0.28 (-0.01, 0.58)"°

0.60 (0.28, 0.92)***

0.87 (0.51, 1.22)***

0.23 (-0.09, 0.54)"°

0.76 (0.39, 1.13)**

0.50 (0.10, 0.91)*

-0.11 (-0.38, 0.16)"°

0.29 (-0.00, 0.58)"°

0.61 (0.30, 0.93)***

0.85 (0.49, 1.20)***

0.22 (-0.09, 0.53)"°

0.74 (0.37, 1.10)***

0.49 (0.09, 0.89)*

-0.09 (-0.37, 0.17)""°

0.28 (-0.01, 0.58)"°

0.60 (0.28, 0.92)***

0.83 (0.48, 1.19)***

0.23 (-0.09, 0.54)"°

0.74 (0.38, 1.11)*

0.50 (0.10, 0.91)*

-0.11 (-0.39, 0.16)"°

0.29 (-0.00, 0.59)"°

0.61 (0.29, 0.93)***

0.83 (0.48, 1.19)***

0.23 (-0.08, 0.54)"°

0.75 (0.38, 1.11)***

0.50 (0.10, 0.91)*
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Table 5.24 continued

WAZ

Categories

Model 4

Model 6

Model 7

Model 8

Model 9

Setting
(ref=Hospital)

Birth weight
(ref= normal
birth weight)

Childhood
diseases
(ref=no)

Dental pain
(ref= no)

Eating
difficulty (ref=
score 0)

Reduced
appetite
(ref=no)

Sleep
disturbance
(ref=no)

School children

Low weight

High weight

Any diseases

Dental pain

Eating difficulty
scorel-9

Reduced
appetite

Sleep
disturbance

0.84 (0.59, 1.09)***

-0.54 (-0.90, -0.18)**

0.44 (0.07, 0.80)*

-0.24 (-0.51, 0.04)"°

0.81 (0.56, 1.06)***

-0.55 (-0.91, -0.19)**

0.42 (0.06, 0.78)*

-0.22 (-0.49, 0.06)"°

-0.22 (-0.47, 0.03)"°

0.71 (0.46, 0.97)**

-0.57 (-0.93, -0.21)**

0.40 (0.04, 0.76)*

-0.19 (-0.47, 0.08)"°

-0.08 (-0.34, 0.19)"®

-0.42 (-0.70, -0.14)**

0.70 (0.44, 0.96)***

-0.56 (-0.92, -0.20)**

0.40 (0.04, 0.76)*

-0.18 (-0.46, 0.10)"°

-0.07 (-0.34, 0.19)"°

-0.39 (-0.68, -0.10)**

-0.15 (-0.45, 0.15)°

0.69 (0.42, 0.95)**

-0.56 (-0.92, -0.20)**

0.40 (0.04, 0.76)*

-0.18 (-0.45, 0.10)"°

-0.10 (-0.38, 0.18)"°

-0.41 (-0.70, -0.12)**

-0.18 (-0.49, 0.13)"°

0.11 (-0.18, 0.40)"°

Model 4: unadjusted analysis+ socio-economic variables (maternal education+ family income) + setting+ birth weight + childhood diseases
Model 6: Model 4 + dental pain; Model 7: Model 6 + eating difficulty; Model 8: Model 7 + reduced appetiteModel 9: Model 8 + Sleep disturbance

*+ n<0.001 **p<0.01 *p<0.05



5.4.2.3 Outcome: BMI-for-age

Exposure: dental caries

Dental pain experience was not significantly associated with BAZ scores after
controlling for all other confounders. The inclusion of dental pain led to some
attenuation of the association between caries and BAZ scores (Model 6 of
Table 5.25). After adjusting for dental pain, the coefficient for the ‘moderate
caries’ group slightly reduced from -0.43 (95% CI -0.72, -0.13) to -0.32 (95%
Cl1-0.69, 0.05) (25.6% reduction), and for the ‘severe caries’ group it reduced
from -0.50 (95% CI -0.87, -0.13) to -0.39 (95% CI -0.83, 0.05) (22.0%
reduction) and became non-significant (comparing Model 4 and 6 of Table

5.25).

Eating difficulty showed a significant negative association with BAZ scores.
Children who had any eating difficulty had 0.40 (95% CI -0.69, -0.11) points
lower BAZ scores compared to ‘no eating difficulty’ group (P<0.01) (Model 7
in Table 5.25). In addition, adjustment for eating difficulty caused further
attenuation of the associations between dental caries and BAZ scores

(comparing Model 6 and 7 in Table 5.25).
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Exposure: dental sepsis

A similar pattern was observed when dental sepsis was considered as
exposure. Dental pain experience did not show any statistical significant
association with BAZ scores, after controlling for all other confounders
(Model 6 of Table 5.26). Adjustment for dental pain resulted in some
attenuation of the association between dental sepsis and BAZ scores, which
reduced from -0.29 (95% CI -0.53, -0.05) to -0.17 (95% CI -0.44, 0.10)
(41.4% reduction) and became non-significant (comparing Model 4 and 6 of

Table 5.26).

Eating difficulty again showed significant negative association with BAZ
scores. Children who had any eating difficulty had 0.43 (95% CI -0.72, -0.14)
points lower BAZ scores compared to ‘no eating difficulty’ group (p<0.01),
(Model 7 in Table 5.26). Moreover, the coefficient of association between
dental sepsis and BAZ scores attenuated further after adjustment for eating

difficulty (comparing Model 6 and 7 in Table 5.26).

Additional adjustment for ‘reduced appetite’ (Model 8) and ‘sleep disturbance’
(Model 9) (Table 5.25 and Table 5.26) did not lead to further changes in the
association between dental caries / sepsis, and BAZ scores. Neither was

significantly associated with BMI-for-age.
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Table 5.25 Results of multiple linear regression models testing the role of dental pain, eating difficulty, reduced appetite and Sleep disturbance on

the association of dental caries and BAZ: presented as Regression coefficient (95% CI)(N= 715)

BAZ Categories Model 4 Model 6 Model 7 Model 8 Model 9
Dental caries  Mild caries -0.16 (-0.46, 0.14)"° -0.09 (-0.43, 0.24)"° -0.04 (-0.37, 0.29)"° -0.04 (-0.38, 0.29)"° -0.05 (-0.38, 0.29)"°
(ref: (dmft+DMFT=1-
dmft+DMFT=  2)
0) Moderate -0.43 (-0.72, -0.13)** -0.32 (-0.69, 0.05)"° -0.22 (-0.59, 0.16)"° -0.21 (-0.59, 0.16)"° -0.23 (-0.61, 0.15)"°
(dmft+DMFT=3-
5)
Severe -0.50 (-0.87, -0.13)** -0.39 (-0.83, 0.05)"° -0.22 (-0.67, 0.23)"° -0.20 (-0.66, 0.25)"° -0.22 (-0.67, 0.23)"°
(dmft+DMFT=6-
max)
Maternal Secondary 0.11 (-0.19, 0.43)"° 0.11 (-0.20, 0.42)"° 0.12 (-0.19, 0.43)"° 0.11 (-0.19, 0.42)"® 0.13 (-0.18, 0.44)"°
education
(ref=no and
primary Higher 0.38 (0.05, 0.71)* 0.38 (0.04, 0.71)* 0.39 (0.06, 0.72)* 0.38 (0.05, 0.71)* 0.39 (0.06, 0.72)*
education) secondary
Tertiary 0.50 (0.12, 0.87)** 0.49 (0.12, 0.86)* 0.47 (0.10, 0.84)* 0.46 (0.09, 0.83)* 0.46 (0.09, 0.84)*
Monthly 8-20 thousand 0.16 (-0.17, 0.48)"° 0.16 (-0.17, 0.49)"° 0.15 (-0.17, 0.48)"° 0.15 (-0.17, 0.48)"° 0.16 (-0.17, 0.48)"°
family income
(ref= <8000
Taka) >20-30 0.66 (0.28, 1.05)* 0.66 (0.27, 1.04)* 0.62 (0.24, 1.01)** 0.63 (0.25, 1.01)* 0.64 (0.25, 1.02)*
thousand

>30 thousand

0.58 (0.16, 1.00)**

0.58 (0.16, 1.00)**

0.56 (0.14, 0.98)**

0.57 (0.15, 0.99)*

0.57 (0.15, 0.99)**




86T

Table 5.25 continued

BAZ

Categories

Model 4

Model 6

Model 7

Model 8

Model 9

Setting
(ref=Hospital)

Birth weight
(ref= normal
birth weight)

Childhood
diseases
(ref=no)

Dental pain
(ref=no)

Eating
difficulty (ref=
score 0)

Reduced
appetite
(ref=no)

Sleep
disturbance
(ref=no)

School children

Low weight

High weight

Any diseases

Dental pain

Eating difficulty
scorel-9

Reduced
appetite

Sleep
disturbance

0.51 (0.24, 0.77)*

-0.63 (-1.00, -0.25)**

0.44 (0.07, 0.83)*

-0.25 (-0.53, 0.04)"®

0.50 (0.24, 0.77)**

-0.63 (-1.01, -0.26)**

0.44 (0.06, 0.82)*

-0.24 (-0.53, 0.05)"°

-0.14 (-0.43, 0.16)"°

0.41 (0.14, 0.68)**

-0.65 (-1.03, -0.28)**

0.42 (0.04, 0.80)*

-0.22 (-0.50, 0.07)®

-0.02 (-0.32, 0.29)"°

-0.40 (-0.69, -0.11)**

0.40 (0.13, 0.67)*

-0.64 (-1.02, -0.27)**

0.42 (0.04, 0.80)*

-0.20 (-0.49, 0.08)"°

-0.01 (-0.31, 0.30)°

-0.37 (-0.67, -0.07)*

-0.15 (-0.46, 0.17)°

0.38 (0.10, 0.65)*

-0.64 (-1.01, -0.26)**

0.42 (0.04, 0.80)*

-0.20 (-0.49, 0.09)"°

-0.05 (-0.37, 0.26)"°

-0.40 (-0.71, -0.10)*

-0.19 (-0.52, 0.13)"°

0.16 (-0.14, 0.46)"°

Model 4: unadjusted analysis+ socio-economic variables (maternal education+ family income) + setting+ birth weight + childhood diseases
Model 6: Model 4 + dental pain; Model 7: Model 6 + eating difficulty; Model 8: Model 7 + reduced appetite; Model 9: Model 8 + Sleep disturbance

*+ n<0.001 **p<0.01 *p<0.05
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Table 5.26 Results of multiple linear regression models testing the role of dental pain, eating difficulty, reduced appetite and Sleep disturbance on

the association of dental sepsis and BAZ: presented as Regression coefficient (95% CI)(N= 715)

BAZ

Categories

Model 4

Model 6

Model 7

Model 8

Model 9

Dental sepsis
(ref:
pufa+PUFA=
0)

Maternal
education
(ref=no and
primary
education)

Monthly
family income
(ref= <8000
Taka)

Any dental
sepsis

(pufatPUFAZ=1)

Secondary

Higher
secondary

Tertiary

8-20 thousand

>20-30

thousand

>30 thousand

-0.29 (-0.53, -0.05)*

0.11 (-0.20, 0.42)"°

0.37 (0.04, 0.70)*

0.51 (0.14, 0.88)**

0.14 (-0.18, 0.47)"°

0.66 (0.27, 1.04)**

0.56 (0.14, 0.98)**

-0.17 (-0.44, 0.10)"™°

0.11 (-0.19, 0.42)"°

0.37 (0.04, 0.70)*

0.50 (0.13, 0.87)*

0.16 (-0.17, 0.48)"°

0.65 (0.27, 1.03)**

0.56 (0.14, 0.99)**

-0.05 (-0.33, 0.23)"°

0.12 (-0.18, 0.43)"°

0.39 (0.06, 0.72)*

0.48 (0.11, 0.84)*

0.15 (-0.17, 0.48)"°

0.63 (0.24, 1.01)**

0.55 (0.13, 0.97)*

-0.09 (-0.37, 0.17)™

0.28 (-0.01, 0.58)"°

0.60 (0.28, 0.92)***

0.83 (0.48, 1.19)***

0.23 (-0.09, 0.54)"°

0.74 (0.38, 1.11)***

0.50 (0.10, 0.91)*

-0.06 (-0.35, 0.22)"°

0.13 (-0.18, 0.44)"°

0.39 (0.05, 0.72)*

0.47 (0.10, 0.84)*

0.16 (-0.16, 0.49)"°

0.64 (0.25, 1.02)*

0.56 (0.14, 0.98)**
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Table 5.26 continued

BAZ

Categories

Model 4

Model 6

Model 7

Model 8

Model 9

Setting
(ref=Hospital)

Birth weight
(ref= normal
birth weight)

Childhood
diseases
(ref=no)

Dental pain
(ref=no)

Eating difficulty
(ref=score 0)

Reduced
appetite
(ref= no)

Sleep
disturbance
(ref=no)

School children

Low weight

High weight

Any diseases

Dental pain

Eating difficulty
score 1-9

Reduced
appetite

Sleep
disturbance

0.56 (0.30, 0.82)***

-0.63 (-1.01, -0.25)**

0.45 (0.07, 0.83)*

-0.26 (-0.55, 0.02)°

0.54 (0.28, 0.80)***

-0.64 (-1.02, -0.27)**

0.43 (0.05, 0.81)*

-0.24 (-0.53, 0.04)"°

-0.24 (-0.50, 0.02)"®

0.43 (0.17, 0.70)*

-0.66 (-1.03, -0.28)**

0.41 (0.03, 0.79)*

-0.22 (-0.50, 0.07)"°

-0.09 (-0.37, 0.19)"°

-0.43(-0.72, -0.14)**

0.70 (0.44, 0.96)***

-0.56 (-0.92, -0.20)**

0.40 (0.04, 0.76)*

-0.18 (-0.46, 0.10)"°

-0.07 (-0.34, 0.19)"®

-0.39 (-0.68, -0.10)**

-0.15 (-0.45, 0.15)"°

0.40 (0.13, 0.67)*

-0.65 (-1.02, -0.27)**

0.41 (0.04, 0.79)*

-0.20 (-0.49, 0.09)"®

-0.12 (-0.42, 0.17)"®

-0.43 (-0.73, -0.13)**

-0.19 (-0.52, 0.13)"°

0.15 (-0.15, 0.45)"°

Model 4: unadjusted analysis+ socio-economic variables (maternal education+ family income) + setting+ birth weight + childhood diseases

Model 6: Model 4 + dental pain; Model 7: Model 6 + eating difficulty; Model 8: Model 7 + reduced appetite; Model 9: Model 8 + Sleep disturbance
*** n<0.001 **p<0.01 *p<0.05



Summary

In these analyses, sequentially adjusted models showed that ‘dental pain’,
‘reduced appetite’ and ‘sleep disturbance’ were not significantly associated
with HAZ, WAZ and BAZ scores. In contrast, ‘eating difficulty’ remained
significantly and inversely associated with WAZ and BAZ scores throughout
the adjustment process, but not with HAZ scores. Therefore, eating difficulty
could be considered on the pathway of the inverse association between
dental caries / sepsis, and WAZ and BAZ scores. Though dental pain
experience was not significantly associated with any of the anthropometric
outcomes, additional adjustment of dental pain showed some attenuation on
association between dental caries / sepsis and all anthropometric outcomes.
Additional adjustment of eating difficulty led to further attenuation of the
associations. While inclusion of ‘reduced appetite’ and ‘sleep disturbance’ did
not lead to any further change of the coefficients. As the adjustment for
‘dental pain’ and ‘eating difficulty’ made significant attenuation of the
coefficients for the associations; therefore, the results revealed that these two
variables could explain part of the negative association between caries /

sepsis and all three anthropometric outcomes (HAZ, WAZ, and BAZ).
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5.5 Sensitivity analyses

A sub-sample analysis was conducted on the 371 respondents with complete
data on both parental height and weight measures. The analysis strategy of
this smaller sub-sample analysis was that for each exposure, a model similar
to Model 4 (adjusted for all confounders) was run (estimated as Model H1,
W1, Bl separately for three outcomes: HAZ, WAZ and BAZ, respectively),
then the models were additionally adjusted for parental height and weight
(estimated as Model H2, W2, B2) (for HAZ, WAZ and BAZ, respectively).
Finally, H1 versus H2, W1 versus W2 and Bl versus B2 Models were
compared for each outcome. The results are presented in additional tables in
Appendix 12 (Table A1l and Table A2), where Table A 1 presents the results
considering dental caries as an exposure and Table A 2 presents the results

considering dental sepsis as an exposure.

The results demonstrate that parental weight, but not height, was significantly
associated with all three outcomes. However, the adjustment for parental
height and weight did not lead to any significant change in the association
between dental caries and HAZ and BAZ, with only exception for WAZ. The
regression coefficient of severe caries and WAZ attenuated from -0.63 (95%
Cl -1.16, -0.10) to -0.48 (95% CI -0.98, 0.02) and became non-significant
(comparing Model W1 and W2 in Table A 1). A similar pattern was found
when dental sepsis was considered as exposure. Additional adjustment for
parental height and weight only led to a slight attenuation in the association
between dental sepsis and HAZ and BAZ, without changing the level of

significance. However, the regression coefficient of association between

202



dental sepsis and WAZ decreased from -0.43 (95% CI -0.78, -0.08) to -0.30
(95% CI -0.64, 0.03) and became non-significant (comparing Model W1 and

W2 in Table A 2).

Among different potential confounders, maternal education of higher
secondary and tertiary level showed positive association with HAZ and WAZ
but not with BAZ scores. Similarly, school children had higher HAZ and WAZ
scores compared to hospital sample. While low birth weight showed
significant negative association with WAZ and BAZ scores but not with HAZ

scores.

Thus the result demonstrated that parental weight was significantly
associated with child’s height, weight and BMI after adjusting for all
confounders. Moreover, adjusting for parental weight attenuated the
associations between caries / sepsis, and child’'s weight-for-age. However,
the result was obtained from data of 371 participants; hence the power to

demonstrate statistical significance was greatly reduced.
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Chapter summary

The aim of this chapter was to examine the associations between dental
caries / sepsis and anthropometric measures while accounting for possible
confounding factors, namely maternal education, family income, study
setting, birth weight, and childhood diseases. The results demonstrated that
compared to children with no caries, those with severe caries had on average
lower height-for-age (p<0.01); and children with both moderate and severe
caries levels had significantly lower weight-for-age and BMI-for-age.
However, there was no statistically significant difference between the ‘no
caries’ and ‘mild caries’ groups for all three outcomes. Dental sepsis was

also negatively associated with all three anthropometric outcomes.

This chapter also examined the role of OHRQoL, which was measured by
SOHO-5, as an underlying factor of these negative associations. The results
revealed that although the adjustment of SOHO-5 led to significant
attenuation of associations between both clinical exposures (caries, sepsis)
and anthropometric outcomes, SOHO-5 showed significant negative
association only with WAZ and BAZ scores but not with HAZ scores, which is
considered as a marker of long term growth. This indicates that OHRQoL
influenced the associations with body weight and BMI, rather than with

height.

This chapter also explored the specific role of ‘dental pain’, ‘eating difficulty’,
‘reduced appetite’ and ‘sleep disturbance’. These variables were considered

in the analyses as potential mediators. Of these variables, only ‘dental pain’
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and ‘eating difficulty’ led to significant attenuation of the association between
clinical exposures and anthropometric outcomes. Moreover, only ‘eating
difficulty’ was significantly inversely associated with WAZ and BAZ in the fully
adjusted models, and explained a substantial part of the negative
associations between caries / sepsis and WAZ / BAZ scores. However,
eating difficulty was not associated with HAZ scores. This indicates that
eating difficulty partly explains relationships between dental caries / sepsis,

and weight-for-age and BMI-for-age.
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Chapter 6 Discussion
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6. Discussion

The aim of this thesis was to assess the associations between dental caries
and anthropometric measures amongst 5-9-year-old Bangladeshi children
and to examine the possible factors underlying these associations. The
overall working hypothesis was that dental caries and sepsis would be
inversely associated with children’s age adjusted height, weight and BMI. As
the possible underlying mechanism of this inverse association, it was
hypothesized that dental caries and sepsis would result in impaired or
compromised OHRQoL, patrticularly in relation to dental pain, eating difficulty,
reduced appetite and Sleep disturbance, which in turn would negatively affect

child growth.

The main findings of the thesis are summarized in this chapter and discussed
in the light of the existing literature. Additionally, this chapter includes the
strengths and limitations of this study, and implication for further research

and policies.

6.1 Overview of key findings

This study found that in the school sample the prevalence of dental caries
was 64.6% and mean dmft+DMFT was 2.11 (95% CI 1.91, 2.30). As the
prevalence of dental caries for children of Bangladesh is unknown, this study
finding made an important contribution towards the collection of dental
epidemiological data in the country, although it was not a representative

sample of children in Bangladesh.
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6.1.1 Association between dental caries and anthropometric

outcomes

Multiple linear regressions showed that dental caries was negatively
associated with height-for-age, weight-for-age and BMI-for-age after
adjusting for maternal education and family income; setting; birth weight and
childhood diseases. Compared to the caries-free children, those with ‘severe
caries’ had statistically significant lower height-for-age z-scores and those
with moderate and severe caries had significantly lower weight-for-age and
BMI-for-age z-scores. However, no significant difference was observed
between children with mild caries and those without caries. Similarly, children
who had dental sepsis had significantly lower height-for-age, weight-for-age

and BMI-for-age compared to the children with no dental sepsis.

6.1.2 Testing the relative role of potential mediators

6.1.2.1 Exploring the role of OHRQoL

OHRQoL partly explained the inverse associations between dental caries /
sepsis and anthropometric outcomes as adjustment of OHRQoL showed
attenuation of the magnitude of the associations between dental caries /
sepsis and all anthropometric outcomes and all associations became non-
significant after the adjustment of OHRQoL. However, OHRQoL showed
significant association with weight-for-age and BMI-for-age but not with

height-for-age.
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6.1.2.2 Exploring the role of specific factors

When the specific role of dental pain, eating difficulty, reduced appetite and
sleep disturbance was investigated by sequential adjustment of these
variables while adjusting for all confounders (but not for SOHO-5), it revealed

the following:

Dental pain: With the adjustment of dental pain the coefficients for the
associations between caries / sepsis and height-for-age, weight-for-age and
BMI-for-age were reduced and became statistically non-significant in most
cases, apart from association between severe caries and weight-for-age.
However, dental pain did not show significant association with the outcome

variables.

Eating difficulty: When eating difficulty was additionally adjusted, the
coefficients for the associations between dental caries and all outcomes
attenuated further and the remaining significant association between severe
caries and weight-for-age became non-significant. However, eating difficulty
showed significant association with weight-for-age and BMI-for-age but not

with height-for-age.

Reduced appetite and sleep disturbance: Taking these factors into account
did not further attenuate associations between dental caries / sepsis and the

outcomes.

To sum up, dental caries and sepsis were negatively associated with all

anthropometric measures amongst 5-9-year-old Bangladeshi children. That
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means children who had higher levels of caries and sepsis had lower height-
for-age, weight-for-age and BMI-for-age compared to caries and sepsis free
children, which was consistent with the second hypothesis. The findings
suggested that the possible explanation underlying these inverse
associations was via negative impact of dental caries and sepsis on
children’s OHRQoL, particularly via dental pain and eating difficulty.
Moreover, poor OHRQoL, particularly eating difficulty might have more
impact on child’s weight and BMI as these two potential mediators showed
significant associations with weight-for-age and BMI-for-age z-scores but not

with height-for-age z-score in the fully adjusted model.
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6.2 Final proposed frame work of the association

The final proposed framework of association between dental caries / sepsis

and height-for-age, weight-for-age, BMI-for-age has been illustrated in Figure

6-1.
» OHRQoL
» Eating difficulty
: —> :
Dental caries Weight-for-age
Dental sepsis > BMI-for-age
¢

+Maternal education
+Family income
+Study setting

+Birth weight

Figure 6-1 Final proposed framework of association

Dental caries and sepsis were inversely associated with all anthropometric
outcomes (height-for-age, weight-for-age and BMI-for-age) in the study
population. However, the proposed underlying mechanism of this association
showed that dental caries and sepsis is associated with poor OHRQOL,
especially in terms of experiencing eating difficulty, which in turn are

negatively associated with children’s weight-for-age and BMI-for-age.
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6.3 Comparisons with previous research

As highlighted in Chapter two, the evidence for the association between
dental caries and anthropometric outcomes is inconsistent. The present
study was conducted in a population where 73.2% of children had experience
of dental caries, and 35.8% had experience of dental sepsis, with a mean
dmft+DMFT score of 2.84 (SD 2.80) (median 2). Mean (SD) height-for-age,
weight-for-age and BMI for age z-scores were -0.01 (1.33), -0.17 (1.60), and
-0.28 (1.59) respectively and higher level of dental caries and having dental
sepsis were significantly related to lower height-for-age, weight-for-age and

BMI-for-age.

6.3.1 Comparison with studies reporting similar findings

6.3.1.1 Comparison with studies reporting associations between dental

caries with height and/or weight

Several studies have reported that children with higher caries levels were
more likely to be shorter in height and lighter in weight than children without
caries or with lower caries level, which was in accordance with the findings
from this study (Miller et al., 1982; Acs et al., 1992; Ayhan et al., 1996;
Gemert-Schriks et al. 2011; Mishu et al., 2013; Alkarimi et al., 2014). Most of
the hospital based studies on samples with higher caries levels showed
similar negative association (Miller et al. 1982; Acs et al. 1992; Vania et al.

2011).

The current study used z-scores for height, weight and BMI based on WHO

growth reference data for 5-19 years (WHO 2007) and considered all
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anthropometric measures on a continuous scale, which was similar to the
study conducted in a school setting in Saudi Arabia (Alkarimi et al. 2014).
However, despite the similarity of methodology and overall findings, some
minor differences in the results were observed. For instance, Alkarimi et al
(2014) reported an inverse-graded association between all anthropometric
outcomes and caries levels in 6-8-year-old Saudi children; i.e. children at
each higher level of caries had significantly lower height and weight than
those with lower caries levels. However, the current study did not find a
significant difference between the ‘mild caries’ and ‘no caries’ groups.
Moreover, a previous study conducted in Bangladesh with 1,699 children of
6-12-year-old from deprived rural and slum urban areas reported an inverse
association when both caries and height / weight were considered on
continuous scales. However, after categorization of stunting (<-2 height-for-
age z-score) and underweight (<-2 weight-for-age z-score), it was observed
that children with at least one decayed tooth were significantly more likely to
be underweight (odds ratio = 1.5), but no association was found with stunting
(Mishu et al. 2013). This present study categorized caries into three severity
groups and considered the presence of dental sepsis separately, thus was
able to draw more specific conclusions on the impact of different severity
levels of dental caries and presence of dental sepsis on child’s height and

weight.

Although some cross sectional studies reported a similar pattern of
association, those studies explained the association with regard to
malnutrition (lower height and weight) as a risk factor for higher levels of

dental caries (Alvarez et al. 1990; Abolfotouh et al. 2000; Oliveira et al. 2008;
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Koksal et al. 2011). Nevertheless, there were also some methodological
issues that need to be considered. Similar to this study, Koksal et al. (2011)
used the WHO 2007 growth reference for children’s anthropometric
measurements, but Oliveira et al. (2008) used the WHO 2005 child growth
reference. However, although Oliveira et al. (2008) conducted multilevel
linear regression to investigate the effect of nutritional, socio-economic, and
demographic factors on dental caries; Koksal et al. (2011) only conducted bi-
variate tests to find correlations without adjusting for any confounders. On the
other hand, Alvarez et al. (1990) considered the National Centre for Health
Statistics growth tables as the standard and Abolfotouh et al (2000)
compared weight and height values with the local growth standards in Saudi

Arabia, hence making direct comparison difficult.

The evidence for an association between caries and underweight was also
indirectly supported by studies of 'catch-up growth' following comprehensive
dental treatment. In these studies, children who had early childhood caries
were dentally rehabilitated or treated and dental treatment was followed by
greater weight gain (Acs et al. 1998; Acs et al. 1999; Mohammadi et al. 2009;
Monse et al. 2012). Though these studies tested whether dental treatment
was associated with weight gain, their findings indirectly support the present
study results of negative association between dental caries/ sepsis and

child’s weight.
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6.3.1.2 Comparison with studies reporting associations between dental

caries and BMI

As mentioned in Chapter two, some prior studies also reported a similar
pattern of a negative association between caries and BMI (Cameron et al.
2006; Ngoenwiwatkul & Leela-adisorn 2009; Benzian et al. 2011; Vania et al.
2011; Mohammadi et al. 2012; Goodson et al. 2013). However, some of the
studies only conducted descriptive analyses and showed the result as cross
tabulations, without adjusting for any potential confounding factors (Vania et
al. 2011; Mohammadi et al. 2012). The inverse relationship of BMI and caries
was in accord with a Thai study (Narksawat et al. 2009), though nutritional
status was calculated in that study according to weight for height in Thai
children and categorized into five groups. The result was also in line with
three recent cross-sectional studies in China with school aged children (Liang
et al. 2016; Peng et al. 2016; Yang et al. 2015). However, those studies used
the BMI classification based on Chinese child growth standards and the first
two studies only used the prevalence of caries as a dichotomized variable.
Similarly, the inverse association was in agreement with several recent
studies that have already been discussed in the literature review chapter
(Bansal et al. 2016; Chauhan et al. 2016; Chopra et al. 2015; Batfti et al.
2015; Bhayat et al. 2016; Farsi et al. 2016; Ferraz et al. 2016; Markovic et al.
2015). Nevertheless, as described before, in contrast to the present study,
most of the studies used different categorization of BMI that made direct
comparison difficult. Moreover, these studies observed the association
considering BMI status as an exposure to explain the prevalence of dental
caries in children.
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As mentioned earlier, several cross sectional and some longitudinal studies
considered malnutrition as a risk factor for developing dental caries and a
systematic review by Psoter et al. (2005) supports this contention. Infact, the
evidence demonstrated that under nourished children are more susceptible
to develop caries. Furthermore, this disadvantaged group had limited
opportunity to receive dental treatment as a result of which they are more
likely to suffer from the consequences of untreated caries; thereby their

growth might be affected.

However, correlation does not imply causation (lacobucci 2008) and the
temporality issues cannot be explained from cross-sectional observational
studies. Majority of the studies analysed in the literature review were cross-
sectional in design and failed to utilise methods to strengthen causal
inference. Still, the previously mentioned cross-sectional studies are

considered to strengthen the hypothesis of the current study.

6.3.2 Comparing studies with dis-similar pattern of association

between dental caries and anthropometric measures.

As mentioned in the literature review chapter, five reviews focused on the
relationship between caries and obesity in children and reported inconsistent
findings on the direction of association (Kantovitz et al. 2006; Hooley et al.
2012; Silva et al. 2013; Hayden et al. 2013; Li et al. 2015). In a review of
Hayden et al.’s (2013) systematic review, Hooley (2014) confirmed that along
with the influence of individual level socio-economic status, there is also an
influence of country level variables (described in the paper as

‘industrialization of the country’), since most of the studies that reported
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positive associations were from high-income countries (Hooley 2014). Given
the consideration of the dissimilarity of country and study population, this
thesis did not attempt to replicate the findings of studies conducted in high-
income countries. Therefore, the following section will focus on studies

conducted in LMICs.

Positive association: While most of the studies in LMICs reported inverse
relationships between caries and anthropometric measures, three studies in
India (Sakeenabi et al. 2012; Honne et al. 2012; Bhoomika et al. 2013)
reported a positive association between dental caries and BMI, which is
contradictory to the present study finding. Bhoomika et al. (2013) reported a
positive correlation between BMI and severe early childhood caries in 3-6-
year-old children, but the study was very selective in their sample selection
and only conducted basic statistical analyses. Sakeenabi et al. (2012) and
Honne et al (2012) conducted logistic regression analysis and adjusted for
various confounders, and reported the prevalence of caries in three BMI
groups: normal weight, overweight and obese, but without considering
underweight as a distinct group. Similarly, Yao et al. (2014) in their study in
China considered healthy and underweight together as their reference group,
making it more difficult to detect a relationship between dental caries and
underweight. On the other hand, in some populations the relationship is U-
shaped. Chopra et al. (2015) in their study in India found that both under and

overweight children had higher caries levels than children with normal BMI.

Other studies reporting a positive association between dental caries and

higher BMI from Iran (Shahraki et al. 2013; Bagherian & Sadeghi 2013) also

217



have similar limitations. The study by Bagherian & Sadeghi (2013) reported a
positive association from the result of multiple regressions considering BMI-
for-age. However, this study adjusted only for age and sex in their analysis
but not for any other socio-economic factors. Moreover, that study used
‘standardized percentile curves of body-mass index for children and
adolescents’, thus limiting its comparability to other studies using other child
growth standards. On the other hand, despite of a larger sample size of 1,213
Iranian children, Shahraki et al. (2013) only conducted basic statistical

analyses.

No association: Some studies reported no significant association between
dental caries and children’s BMI. However, most of these studies aimed to
find an association between caries and obesity. Kumar et al. (2016) aimed to
determine the association of BMI with dental caries and the influence of
socio-economic status in 11-14-year-old Indian schoolchildren and reported
that the association of BMI with dental caries varied by socio-economic
status: overweight children of high socio-economic status were at lower risk
of experiencing dental caries (Kumar et al. 2017). Despite the potential effect
of socio-economic factors, Kottayi et al. (2016) in their study with 12-14-year-
old children did not adjust for any confounding factors. Also, the authors
considered overweight and normal-weight children, but did not assess
underweight as a separate group. Similarly, Edalat et al. (2014) in their study
among Iranian children of 3-6 years only showed cross tabulations. Another
study by Alves et al. (2013) conducted among 12-year-old Brazilian children,
considered caries as a count variable and conducted Poisson regression with

adjustment for socio-economic variables, and reported no significant
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association. However, they merged underweight and normal weight children
together in their analysis. Similarly, another study in the Philippines with
1,962 representative samples of children could not draw a conclusion on the
specific association between dental caries and weight status after accounting
for socio-economic factors (Heinrich-Weltzien et al. 2013). However, in
contrast to the previous categorization, this study categorized their sample as
‘non-underweight’ and ‘underweight’ groups. Similar to this study, maternal
education was reported to be a protecting factor by several other studies
(Nicolau et al. 2003; Oliveira et al. 2008). Therefore, controlling for socio-
economic confounding factors and age group of the study children (as most
of the non-association studies included children from higher age group)

appears to have an important effect on the observed associations.

To sum up, several methodological issues need to be considered. Most of
the reported studies used different categorization of BMI and the use of
different cut-off points or non-standardized BMI cut off points influenced the
study findings and made study comparisons difficult. Difference in
measurement of caries prevalence and severity also has impact on the
associations, as non-cavitated caries are more likely to be symptom free, but
the advanced lesions are more likely to be associated with pain and other
negative consequences, hence negatively associated with child’'s weight
(Ferraz et al. 2014). The differences in patterns of association could be due
to biases in the study population (studies conducted in a specific area or
single school) and due to failure to consider individual level socio-economic
factors. Moreover, the inconsistency of association is even more prominent

among studies from countries of different income level. Therefore, the above-
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mentioned explanations need to be considered to clarify the inconsistent
pattern of associations. The following section provides insights to explain the
negative pattern of associations considering the negative effect of dental

caries on child’s OHRQoL.

6.4 Underlying factors of a negative association between

dental caries and anthropometric outcomes

In a cross sectional study Goodson et al. (2013) concluded that

“An inverse obesity-dental decay relationship contradicts the obesity-
sugar and the obesity-dental decay relationship hypotheses” (Goodson
et al. 2013).

That study recommended that the current lack of clarity of the underlying
reasons of this inverse relationship warranted further investigation. In line
with this, the current study provides some evidence for the potential
pathways between dental caries / sepsis and poor height, weight and BMI of
children. The third and fourth hypotheses of this study were to examine the
role of OHRQoL, specifically the role of experience of dental pain, eating
difficulty, reduced appetite, and sleep disturbance to explain the association
between dental caries / sepsis and anthropometric measures. The present
study demonstrated that OHRQoL, especially dental pain and eating difficulty

has influence on the negative association.
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Comparing studies assessing the effect of potential mediators to
explain negative association between dental caries / sepsis and

anthropometric outcomes

OHRQoL is often a neglected aspect to consider for children in the LMICs.
Most of the studies referred in the literature review chapter only focused on
association between dental caries and poor OHRQoL, but did not consider
OHRQoL to explain the negative association between caries and child’s
anthropometric measures. This study provided some evidence that poor
OHRQoL might be on the pathway between dental caries / sepsis and

children’s weight and BMI.

Evidence from intervention study aiming to investigate the effect of treatment
of dental caries on improving OHRQoL and weight gain indirectly supports
this finding. So far only one RCT using SOHO-5 scale formally attempted to
test the hypothesis that treatment of severe caries would significantly
improve children’s weight via the improvement of their OHRQoL and
demonstrated that after extraction of severely decayed teeth in underweight
Filipino children, levels of oral health related impacts were associated with

rate of weight gain (Duijster et al. 2013).

This current study not only investigated the potential impact of overall
OHRQoL but also some specific factors to explain the inverse association.
The association between dental pain and child growth has only been
hypothesized theoretically as a direct impact (through an increase of

glucocorticoid production) or indirect impact (via functional impact,
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specifically on eating or chewing, drinking, sleeping) by several studies (Acs
et al. 1992; Ayhan et al. 1996; Sheiham 2006). Similarly, the alteration of
diet, induced by dental caries and dental pain related chewing difficulty and
reduced appetite was hypothesized to cause nutritional deficiency to explain
weight loss associated with severe caries. Also sleep disturbance was
theoretically considered to negatively affect child growth via inhibition of
growth hormone release (Acs et al. 1992; Sheiham 2006; Vania et al. 2011).

However, none these hypotheses has been thoroughly investigated.

This study showed that the negative associations between dental caries /
sepsis, and anthropometric outcomes were attenuated after adjustment of
dental pain and eating difficulty, however, reduced appetite and sleep
disturbance did not contribute additionally. Therefore, dental pain and eating
difficulty partly explained this negative association. Additionally, the study
exhibited that children with any oral impact had on average 0.41 points lower
(i. e. 41% SD) weight-for-age / BMI-for-age z-scores, compared to children
having no oral impact. Among specific potential mediators, compared to
children with no eating difficulty, children with any eating difficulty had on
average 0.40 points lower (i.e. 40% SD) weight-for-age / BMI-for-age z-

Scores.

Another RCT by Alkarimi et al (2012) assessing the impact of treatment of
severe dental caries on children’s weight, height and subjective health
related outcomes showed that treating severe dental caries significantly
reduced dental pain, dental sepsis, dissatisfaction with teeth and smile, and

poor appetite. However, that study did not show any improvement in height
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and weight, possibly due to the short follow up period. Another interventional
study in India reported that treatment of severe early childhood caries
improved body weight and quality of life in preschool children from low socio-
economic status. However, that study had a small sample size (50 children in
test group and 50 in control group) and did not attempt to test the
improvement of OHRQoL to explain weight gain (Gaur & Nayak 2011).
Nonetheless, overall these findings indirectly support the present study’s

results.
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6.5 Strengths and limitations of this study

6.5.1 Strengths

Study novelty

Many studies have investigated the negative association of dental caries and
anthropometric measures of children or negative impact of caries on child’s
OHRQoL. However, unlike this study, no other cross-sectional study took the
approach to explain the negative association by adjusting for OHRQoL, and
specific factors like dental pain, eating difficulty, poor appetite and sleep
disturbance. Moreover, probably this was the first study assessing OHRQoL
of children in Bangladesh by using Bengali translated and validated SOHO-5

guestionnaire.

Methodological strengths

The study has the following methodological strengths:

1. The study was conducted with a fairly large sample size of children and
parent pairs. The sample size calculation was conducted to have an
adequate power to establish differences of height, weight and BMI-z-scores
among different caries groups. The sample size calculation accounted for
non-response. In addition, the high response rate achieved is among the
strengths of this study. Achieving this high response rate was possible due to
effective communication linkage with hospital and school authorities,
especially with the outdoor duty doctors and class teachers and the offer of

the complementary incentive of toothbrush and paste for the children. It was
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not easy to reach the large hospital and school sample due to political unrest
during the pilot study and severe monsoon rainfall during the main data
collection period. The study team worked very hard for smooth completion of
data collection following the timeline diligently, without any serious

obstructions; which is considered as an obvious strength of the study.

2. This study collected comprehensive sets of data that included clinical
(anthropometric and dental caries data) and subjective oral health outcomes.
This study provides important insights of association between caries and
child’s anthropometric measures by analysing both clinical and subjective

oral health outcomes data.

3. Another strong point of this study was seeking information from both
children and parental sources. Dental pain and SOHO-5 questionnaire was
administered for both children and parents and after assessing their
agreement, the children’s self-reported scores were used for the analysis.
Family socio-economic status, history of early childhood health and
nutritional status, details on eating difficulty, sleep disturbance and appetite
related information was also gathered from parental questionnaire. Thus, the
present analyses exploited different information from different informants,

both children and parents.

4. One problem with many studies on assessing subjective oral health
measures, specially studies from LMICs, were lack of standardized and
reliable questionnaire to capture subjective oral impacts of the population. In

this study, different scales and questionnaires were adopted from
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internationally validated questionnaires (appetite scale, sleep disturbance
scale of children and SOHO-5). An innovative approach was considered to
measure the score of eating difficulty of different food groups. Assessment of
validity and test-retest reliability of Bengali version of SOHO-5 questionnaires
was conducted and the questionnaires were administered through a trained

and experienced survey team.

5. All the clinical measurements used throughout this research were
standardised and reliable. WHO protocol for clinical examination (WHO
2013) was followed meticulously and clinical dental examination was
conducted by a survey team who were trained and calibrated to avoid any
measurement bias. In addition, the outcomes were objectively measured and

similar standard was maintained in measuring anthropometric outcomes.

5. A categorisation of caries (based on caries tertiles of this study population)
was used in this study that went beyond the usually applied binary caries
variable (yes/no) used in most studies. In addition, consideration of clinical
consequences of untreated dental caries (PUFA/pufa index) provides further

insight of this association.

6. Several studies as mentioned in literature review did not consider the
socio-economic and other related factors in their analysis. The present study
considered the association after taking into account of a range of socio-
economic and early childhood variables and adjusted those variables in the
data analysis and observed significant inverse association even after

adjusting for those confounding factors.
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6.5.2 Limitations of the study

The study had several limitations that need to be acknowledged.

1. Cross sectional study design

Ideally a proper measure of child growth (e.g. height, weight increase) would
better explain the hypothesis of this study. Nonetheless, due to the cross-
sectional study design, it was not possible to capture child growth. Moreover,
no cause effect relationship was determined from this study, as the data of
both exposure and outcome were simultaneously assessed at one point of
time (Bowling 2014). However, a longitudinal study design was beyond the
scope of this project. Hence the results of the study can be interpreted in the
context of association and obviously correlation does not imply causation
(lacobucci 2008). The possibility of reverse causation is particularly inflated in
the case of assessing association of child nutrition or growth indicators such
as height and weight with dental caries, as described earlier. An attempt to
reduce the effect of early childhood health status was made by adjusting the

related variables in the analyses.

Additionally, proper testing of mediation was not possible due to the cross-
sectional data. In fact, presence of a non-zero correlation could also be due
to a third variable that is associated with both of the exposures and
outcomes. Thus this study hypothesized some potential confounders and
potential mediating factors that were adjusted in the analyses. However,
testing for mediation from cross-sectional data are often criticized (lacobucci
2008). Hence this study only indicated the potential mediating factors to
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explain the association rather than running a proper mediation analysis to

calculate the direct and indirect effect of these factors.

The standard methods of identifying causality are to conduct experimental or
longitudinal observational study. However, considering the complexity and
methodological issues (Alkarimi et al. 2012), It was not possible to run an
experimental or longitudinal study within the time frame, scope and context of

the present study.

2. The sample for this study is not a true representative sample of
Bangladeshi children though every possible effort was taken for the random
selection of multiple schools in the vicinity of the hospital, within the scope of
the study. However, the main aim of this study was to explore the association
between dental caries and height, weight and BMI of children, not to survey a
representative sample and produce population estimates; and the study
sample is not representative of all children of the same age living in

Bangladesh.

3. This cross-sectional association might have a selection effect (selection
bias). The inclusion of children from higher socio-economic class might have
impact on the direction of the association as their BMI and caries burden
might be different than the current study sample. As the caries level was
uknown in the population level and it was important to test the study
hypotheses in a study sample with range of caries (no caries to high levels of

caries); thus this study considered both hospital and school sample.
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3. There was limited ability to adjust for missing data on parental weight /
height (item non-response). These variables were not adjusted in the main
analysis and a separate sub sample analysis was conducted adjusting for

these variables.

4. There were some limitations regarding ‘Questionnaire design’.

Question on parental occupation: In the questionnaire parental occupation
categories were not hierarchical though it was adapted from demographic
and health survey of Bangladesh. Use of hierarchical occupation categories

might have added value in data interpretation.

Question on eating difficulty and sleep disturbance: the use of more sensitive
scale to measure eating and sleeping difficulty might explain its impact on the
association more explicitly. For instance, the use of details of the eating
pattern of the children (e.g. use of food diary) might be helpful to explore the
impact of current eating difficulty on their nutritional intake. Similarly, use of
the part of ‘sleep disturbance scale of children’ might not have been sensitive
enough in this study population and there might be recall bias in reporting of
sleep disturbance. It might be under represented as sleep disturbance was
mostly reported by those having a current toothache and they might not
report their past episode of sleep disturbance. Also the sleep disturbance
might be associated with many external environmental factors that also

needed to be considered.

Other issues: There might be an issue of acquiescence bias and social

desirability bias with the reported data. Due to the dynamic nature of caries
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and sepsis, acute painful pulpitis may become asymptomatic necrotic pulp
with lapse of time, which makes detection of dental pain difficult. Thus dental
pain could be underestimated in this study due to recall bias. Moreover,
subjective oral health and early childhood health status data were based on
self-report and therefore subject to recall bias. Although several demographic
and socio-economic data were collected and were adjusted in the analyses,
there might be some other potential confounders (such as health care

access) that were not assessed.
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6.6 Recommendations

6.6.1 Implications for future research

Experimental or longitudinal population based study designs are indicated to
assess the associations between dental caries and child growth. However, in
the context of lower middle-income countries with scarcity of resources, this
would be challenging. Thus, some practical approaches have been

recommended.

6.6.1.1 Modification of future observational study design

Most of the previous hospital based studies only included samples with high
disease burden. On the other hand, some community-based studies were
very selective on their school selection. Future observational studies should
assess the association in randomly selected samples using internationally
comparable measure of caries and height, weight and BMI and should
account for possible confounding variables. To strengthen the evidence,
specific dental problem related validated scales should be used. Bio-
chemical tests to investigate the association of caries and the biomarkers of
anaemia and other micronutrient deficiency could also be conducted. Testing
the effect of dental infection induced inflammatory mediators or dental pain
related glucocorticoid on child growth and the association of micro nutrient

deficiency and anemia with dental caries would be interesting.
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6.6.1.2 Interventional study for prevention and early treatment of caries

Rather than only exploring the caries-growth association, now is the time to
take effective action to prevent dental caries and provide early treatment for
children; especially in the countries like Bangladesh. Therefore, the future
studies should address these issues and interventional studies should be
conducted to find out cost effective measures for caries prevention and

treatment for children.

6.6.2 Policy implications

This study has some important public health implications as it has provided
some evidence of a negative association of dental caries and height, weight
and BMI of children. Since dental caries prevalence is increasing in LMICs
thus oral health should be acknowledged as an important agenda and
reducing the prevalence of caries and ensuring early treatment should be a
priority in health policy to reduce the further suffering of children. Oral health
is fundamental to overall health, wellbeing and quality of life (Petersen et al.
2005). Despite this, oral health has always been given low priority in health
system of LMICs, for instance, oral health issues were not even mentioned in
the health policy of Bangladesh (MOHFW 2014). Therefore, there is a need

to revive the current health policy and the following suggestions are made:
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Incorporating evidence based approaches on oral health promotion and

caries prevention strategies

Policy makers need to be aware of the health research and evidence based
policy and practice. Existing evidence on impacts of dental caries on
children’s health outcomes need to be acknowledged. The policy makers
could adapt the existing evidence based approaches in oral health
promotion, such as ‘Delivering Better Oral Health’ (Public Health England
2014). Government initiatives and private sectors should use both individual
and community based approaches to reduce the caries burden among
children. Initiatives could be adapted from other approaches. For example,
Public Health England in 2016 launched the children’s oral health
improvement programme board (COHIPB) with the ambition of ‘every child
grows up free from tooth decay as part of having the best start in life’ (PHE
2016), and a community based oral health care programme like ‘Childsmile’
project is successfully running in Scotland (Childsmile 2017). Despite the
huge difference in availability of resources and context between high income
countries and lower middle-income countries, the basic principles of these
programmes could be adopted. The country specific approach should be
considered within the restraint of resources. There is a need to integrate oral
health into general health. For children this could be introduced through
school programmes like ‘Fit for school’ (Monse et al. 2013); this approach is

also recommended by WHO (Jurgensen & Petersen 2013).

The policy makers should also follow the evidence based approaches on

prevention strategies of dental caries such as reduction of sugar
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consumption (WHO 2015) and use of Fluoride (Petersen & Lennon 2004;
Petersen & Phantumvanit 2012). Oral health promotion and prevention
strategies should be adequately emphasized as they prove to be affordable

and sustainable (Parkash et al. 2006).

Increase oral health care access

This study demonstrated that there was no statistically significant difference
between the ‘no caries’ and ‘mild caries’ groups. Other studies also showed
that early treatment of dental caries reduces the chance of dental sepsis
(Pine et al. 2006; Alkarimi et al. 2012). Therefore, treatment of caries at early
stage would reduce its adverse effects. The children of LMICs suffer more
with malnutrition which is considered as a risk factor for the development of
dental caries. Also due to the food transition over time and availability of
sugary foods and drinks, caries prevalence has increased in children of
LMICs (Lagerweij & van Loveren 2015). In addition to that, due to lack of oral
health awareness, very limited access to dental health care and less
availability of treatment facilities, most of the decay remains untreated
(Petersen 2003; Van Palenstein-Helderman et al. 2015) and thus children are
more likely to suffer a lot with the consequences of untreated dental caries,
which might be associated negatively with their growth. Thus these countries
should try to implement ‘Universal Health Coverage plan’ to provide

accessible and affordable oral health care to all.

234



6.7 Concluding remarks

This study set out to examine whether dental caries is associated with height,
weight and BMI of the children and investigated the factors underlying this
association. The thesis showed a significant negative association between
dental caries and sepsis and height-for-age, weight-for-age and BMI-for-age
in the study population of 5-9-year-old children in Bangladesh. This study is
one of the limited numbers of studies which provided evidence that poor
OHRQoL is one of the associated factors explaining the inverse associations
particularly via dental pain and eating difficulty. More specifically, OHRQoL
particulaly eating difficulty was found as important factor to explain the
negative associations between dental caries /sepsis and weight-for-age and
BMI-for-age. The findings of present study highlight the need for prevention
of dental caries and ensure early diagnosis and treatment of dental caries for

all children.
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Summary Table of systematic reviews: association of dental caries and BMI in children

Author Study aim Study Articles  Articles ‘A’ grade Main Study conclusions Study

(year) identified selected included studies findings Limitations

Kantovitz Reviewthe 69 33 7 papers 3 studieson 2 studies- Inconclusive Narrow search
et al. relationship  studies Articles (5 papers children to no associations: criteria, they

(2006)  between from included  provide high  association  conflicting results excluded all

8.¢

obesity and  1984- children) level of 1study- regarding the studies related
prevalence 2004 evidence positive presence of a positive to oral health
of dental (modified association. association between  and nutritional
caries (all from Britton obesity and dental deficiency,
age group) (2000) caries. underweight
and
amalgamation
of multiple age
groups.
Hooley Review the 109 64 48 5 studies 2 studies - Dental caries was Lowed number
(2012) relationship  studies articles  studies following this  no; related with both high of longitudinal
between 2004 to assesse (23 study specific 2 studies- and low BMI. study.
BMI and 2011 dinfull  studies- rating criteria. positive; Pattern of association
dental text no, 1 study - IS context specific:
caries in 17 inverse Positive associations
children and studies- relationship. from high-income and
adolescents positive, (non-linear  inverse associations
9 studies- association) from LMICs.
inverse




6.2

Author Study aim Study Articles  Articles ‘A’ grade Main Study conclusions Study
(year) identified selected included studies findings Limitations
associati
on)
Hayden Provide 212 35 14 7 studies, Overall Significant positive Children who
et al. evidence to articles articles  articles ‘University of  significant relationship between  were
(2013) quantify the between met Wales’ guide relationship  overweight/obesity underweight
relationship 1980 and selection lines were between and dental caries were not
between 2010 criteria, followed for childhood exists only for included in the
obesity and included  quality obesity and permanent dentitions  study.
dental in meta-  assessment. dental when only the studies Assessment of
caries in analysis. caries using standardized individual level
children. (Effect BMI assessment socio-economic
size=0.104, were included in status was not
p=0.049); meta-analysis and considered.
mainly studies involving Defining
studies from children from countries as
industrialize  industrialized industrialized
d countries  countries. VS newly
(Effect industrialized.
size=0.122,
p=0.001)
Silva et Possible 537 28 28 13 good 6 studies- Not sufficient Excluded
al. (2013) association articles articles. articles quality positive evidence regarding studies on
between between (24 studies association  the association individual< 6
obesity and 2005 and Cross- assessed 1 study- between obesity and  years.Only five
dental sectional, using criteria  negative dental caries. study analysed




08¢

Author Study aim Study Articles  Articles ‘A’ grade Main Study conclusions Study
(year) identified selected included studies findings Limitations

caries 2012 3 of ‘Downs& association  Meta-analysis was data from
Possible prospecti black’ (1998): 8 study-no  not performed due to longitudinal
association ve cohort, 8 with association  the heterogeneity of  study and very
between 1 case adjusted the study. few studies
obesity and control analysis. adjusted for
dental study) other
caries confounders.

Lietal. Reviewthe 1338 59 17 The quality 15 studies-  Evidence of the Inclusion of

(2015) evidence of studies potential effective  score ranged inconsistent association between  only
the ly longitudin  from 19.5to0  findings. anthropometric longitudinal
association effective al studies 30.0 2 studies- measurements and studies and
between studies accordingto  inverse dental caries was studies did not
anthropome STROBE association  conflicting and adjusted for
tric criteria. remains inconclusive. potential
measureme ) confounding
nts and (15 studies: where factors.
dental anthropometric
caries over measurements were
time. used to predict

caries)

(2 studies: dental
caries as predictor of
anthropometric
measures)
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Ethical approval from the UCL Research Ethics Committee.

UCL RESEARCH ETHICS COMMITTEE
ACADEMIC SERVICES

Professor Richard Watt
Department of Epidemiclogy and Public Health
1-19 Torrington Place

ucL

24 November 2014

Dear Professor Watt

Notification of Ethical Approval

Project ID 5348/001: Exploring the association between untreated dental caries and oral health related

quality of life and anthropometric measures in Bangladeshi children

In my capacity as Chair of the UCL Research Ethics Committee (REC) | am pleased to confirm that your project

has been approved by the UCL REC for the duration of the project i.e. until September 2016.

Approval is subject to the following conditions:

1. ‘ou must seek Chair's approval for proposed amendments to the research for which this approval has
been given. Ethical approval is specific to this project and must not be treated as applicable to research of
a similar nature. Each research project is reviewed separately and if there are significant changes to the
research protocol you should seek confimation of continued ethical approval by completing the

‘Amendment Approval Request Form': hitp:/ethics. grad.ucl.ac.uk/responsibilities. php

2. Itis your responsibility to report to the Commitiee any unanticipated problems or adverse events involving

rizks to participants or others. Both non-serious and serious adverse events must be reported.

Repaorting Non-Serious Adverse Events

For non-serious adverse events you will need to inform Helen Dougal, Ethics Commitiee Administrator
(ethics@ucl.ac.uk), within ten days of an adverse incident cccurring and provide a full written report that
should include any amendments to the pariicipant information sheet and study protocol. The Chair or
Vice-Chair of the Ethics Committee will confirm that the incident is non-serious and report to the Committes

at the next meeting. The final view of the Committee will be communicated to you.

Reporting Serious Adverse Events

The Ethics Committee should be nctified of all serious adverse events via the Ethics Committes
Administrator immediately the incident occurs. Where the adverse incident is unexpected and serious, the
Chair or Vice-Chair will decide whether the study should be terminated pending the opinion of an
independent expert. The adverse event will be considered at the next Commitiee meeting and a decision

will be made on the need to change the information leaflet and/or study protocal.

On completion of the research you must submit a brief report (a maximum of two sides of Ad) of your
findingsiconcluding comments to the Committee, which includes in particular issues relating to the ethical

implications of the research.
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With best wishes for the research.

fours sincerely

Professor John Foreman
Chair of the UCL Research Ethics Committee

Ce:
Masuma Mishu, Applicant
Professor Martin Bobak

Academic Senvice, 2 Taviton Stresd,

University College London Gower Sireet London WC1E &6BT
Tel: +44 (0920 2108 4312

Emall: ethicshucl.ac.uk
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Ethical approval from the ‘National Research Ethics Committee of

Bangladesh’ through ‘Bangladesh Medical Research Council (BMRC)’.

T N
3 N
\

(@) e ol st s

\;M/;(? Bangladesh Medical Research Council
Ref: BMRC/NREC/2013-2016/879 Date: 16-04-2015

National Research Ethics Committee

Prof. Richard G Watt

Head

Department of Epidemiology
and Public Health

UCL 1-19 Torrington Place
London WC1 6BT.

Subject: Ethical Clearance

With reference to your application on the above subject, this is to inform you that your
Proposal entitled “Exploring the association between untreated dental caries and oral
health related quality of life (OHRQoL) and anthropometric measures among 5t09 year
old Bangladeshi children” has been reviewed and approved by the National Research Ethics
Committee (NREC).

You are requested to please note the following ethical guidelines as mentioned at page 2
(overleaf) of this memo-

(Dr. Mahmood-uz-jahan)
Director
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Page-2

e

THE ETHICAL GUIDELINES T0 BE FOLLOWED
BY THE PRINCIPAL/ CO-INVESTIGATORS

0 The rights and welfare of individual volunteers are adequally protected,

0 The methods to secure informed consent arc fuly eppropriae and adequetely safeguard
the rights of the subjects (in the case of minors, consent i obtained from parents or
guardians),

1 The Investigaor(s) assume th responsibilty of notifing the Nationa Rescarch Elhcs
Committee (NREC) if there is any change inthe methodology of the protocol nvolving

a 1isk to the individual volunteers,

3 To immediately eport o the NREC if eny evidencs of unexpected or advers? reaction
Is noted in the subjects under study.

0 Project may be supervised by BMRC authority periodically

0 This approval is subjet to Principal Envestigato's reading and accepting the BMRC
ethicalprinciples and guidelines cureently in operation.

0 You are requied to submit a eport to the BMRC periodicaly and afier completion of
the restarch work
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Permission letters from schools and Dhaka Dental College Hospital

MODEL ACADEMY

(An Ideal Higher Secondary School)

Mirpur-1, Dhaka-1216
E-mail: modelacademy1978@yahoo.com School Code: 1334
ESTD; 1878 EIIN No: 108173

Website: model academy.mirpur.dh.bd )
Phone: 9001502 / 9009970

Lo e 29, 031204

To whom it may concern

| am giving my consent to collect data and run the study from the 5-9 year old
children of Model Academy, for the study named below for PHD project of
Masuma Pervin Mishu, PHD student, Department of Epidemiology and Public
Health, University College London.

Project Title: Exploring associations between dental caries and
anthropometric measures in Bangladeshi children.

Principal Investigator:
Professor Richard G watt, Head of the Department of Epidemiology and Public
Health, University College London.

Co-Investigators:

Professor Aaubry Sheiham, emeritus professor, Department of Epidemiology and
Public Health,UCL.

Dr. Georgios Tsakos, Senior lecturer, Department of Epidemiology and Public
Health UCL. Dr. AnjaHeilmann, lecturer, Department of Epidemiology and Public
Health,UCL. And Masuma Pervin Mishu ,PHD student, Department of
Epidemiology and Public Health ,UCL.

[ wish every success of this study.

Headmaster
Model Academy
Mirpur,Dhaka.

Phone: +88 02-9009970
Mobile: 01711460609.

Suvasish Kumar Biswas

B.Sc (Hons), M.Ba, B.Ed

Foagdmoster (Incharge)
Py
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To whom it may concern

| am giving my consent to collect data and run the study from the 5-9 year old
children of Kallanpur Girls® School and College, for the study named below for PhD
project of MasumaPervinMishu, PhD student, Department of Epidemiology and

Public Health. University College London

Project Title: Exploring associations between dental caries and anthropometric
measures in Bangladeshi children.

Principal Investigator
Professor Richard G watt, Head of the department of Epidemiology and Public Health,
University College London.

Co-Investigators:

Professor AubrySheiham, emeritus professor, Department of Epidemiology and Public
Health, UCL

Dr. GeorgiosTsakos, Senior lecturer, Department of Epidemiology and Public Health,
UCI

Dr. AnjaHeilmann, lecturer, Department of Epidemiology and Public Health, UCI
and MasumaPervinMishu. PhD student, Department of Epidemiology and Public
Health, UCL.

[ wish every success of this study.

Principal
Kallynpur Girls® School and College
Phone: +88 02 9002113

Email: kgsepr@gmail.com
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To whom it may concern

[ am giving my consent to collect data and run the study from the 5-9 year old children of
Bashiruddin Primary School, for the study named below for PhD project of Masuma Pervin
Mishu, PhD student, Department of Epidemiology and Public Health, University College
London.

Project Title: Exploring associations between dental caries and anthropometric measures
in Bangladeshi children,

Principal Investigator:
Professor Richard G watt, Head of the department of Epidemiology and Public Health,
University College London.

Co-Investigators:

Professor Aubrey Sheiham, emeritus professor, Department of Epidemiology and Public
Health, UCL.

Dr. Georglos Tsakos, Senior lecturer, Department of Epidemiology and Public Health, UCL.
Dr. Anja Heilmann, lecturer, Department of Epidemiology and Public Health, UCL. and
Masuma Pervin Mishu, PhD student, Department of Epidemiology and Public Health, UCL.

[ wish every success of this study.

(Afroza Sultana)
Head teacher

Bashiruddin Primary school

School code:01

EMI: 310010211
Mirpur, Dhaka-1216
Phone: 01552383260
Date- 29.9.2014
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DHAKA DENTAL COLLEGE & HOSPITAL

Mirpur-14, Dhaka-1208, Bangladesh.
Tel: No. 8055487, 8050878,Fax B050061, E-mail : ddchgovbd@yahoo.com

DO No:DDCH /2014/9¢/ Date: 2{ [og/14,

TO WHOM IT MAY CONCERN

[ am giving my consent to colleet data from the Children coming for dental treatment in the
children department of Dhaka Dental College Hospital and to use necessary facilities to 1un the
data collection procedure,for the study named below for Ph.D project of Masuma Pervin Mishu,
Ph.D student ,Deparkment of Epidemiology and Public Health, UCL.

Project Title : Exploring the . ... + . *associations between dental caries and
anthropometric measures in Bangladeshi children.

Principal Investigator :
Professor Richard G watt, Head of the Department of Epidemiology and Public Health, University
College London,

Co- Investigators:
Professor Aubsy Sheiham,Emeritus professor, Department of Epidemiology and Public Health,
UCL.

Dr, Georgios Tsakos, Senior lecturer, Depariment of Epidemiology and Public Health,UCL.
Dr. Anja Heilmann, lecturer, Department of Epidemiology and Public Health,UCL. and
Masuma Peryin Mishu, Ph.D student, Department of Epidemiology and Public Health,UCL.

I wish every success of this study.

(Prof. Dr. $.M. Igbal Hussain)
Principal and Director

Dhaka Dental College Hospital
Mirpur-14, Dhaka,Bangladehs.

E mail; hussain.igbal60@yahoo.com
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Information and consent form (English).

Information Sheet for Parents/Guardians in a Research Study

You will be given a copy of this information sheet

Title of the Project: Exploring the association between untreated dental
caries and oral health related quality of Ilife (OHRQoL) and

anthropometric measures among 5 to 9 year old Bangladeshi children.

This study has been approved by the UCL Research Ethics Committee

(Project ID Number): 5348/001

Name, Address and Contact Details of the Investigator-

Masuma Pervin Mishu Masuma Pervin Mishu
Department of Epidemiology and Public Dhaka Dental College Hospital
Health,

Mirpur -14, Dhaka, Bangladesh
University College London (UCL)

E-Mail: mpmishu @yahoo.com

1-19 Torrington Place, London, WC1E 6BT

Mobile: [

We would like to invite you and your son/daughter to participate in this

research project.

Before you decide whether you and your child want to take part, it is

important for you to read the following information carefully and discuss it
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with others if you wish. Ask us if there is anything that is not clear or if you

would like more information.

Purpose of the research:

This research aims to assess the relationship between dental decay (holes in
teeth) and children’s height and weights. The study will also look at how
dental decay might cause dental pain, loss of appetite and problems with

sleeping, and how this might affect the growth of the children.

Research target group:

We aim to undertake this study on children aged 5-9 years who will come for

dental treatment in Dhaka Dental College Hospital, Bangladesh.

Data will also be collected from the primary school children of the same age

who attend local primary schools nearby the Dental Hospital.

What will be done?

Your child will be asked a few simple questions about their teeth. These
qguestions will be followed by a brief clinical examination of his/her teeth.
Then your child’s height, weight will be measured. The whole process will be
completed in no more than 30 minutes. The interviews and clinical
examination will be performed by trained interviewers and experienced dental
surgeons and do not involve any risk to your child. The dental surgeons will
use clean and sterile equipment for the whole procedure. Every possible care

will be taken to cause minimum inconvenience to your child.
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We will also ask you few questions relating to your child’s teeth; their
sleeping habits, eating patterns and appetite, and some general questions

about you.

Possible benefits for your child:

Your child will undergo a thorough examination of his/her teeth and you will

be informed and advised if any major dental problems are found.

Possible disadvantages of taking part:

A disadvantage of taking part in this study is the time involved in providing
responses to questions and undergoing the examination. We will make every
effort to arrange interviews at a convenient time to minimise any disruptions

to your child’s routine.

Anonymity and Confidentiality:

All records gathered from you will be stored safely and the information will be
held in the strictest confidence and will only be available to those involved in

research.

Participation in this study is anonymous, so your name or any identifiable

details will not be disclosed.

You and your child should only participate if you want to; choosing not to take

part will not affect the standard of care of you or your child in any way.
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It is up to you whether you and your child should take part or not. If you
decide to take part, you and your child are still free to withdraw from

the study at any time and without giving any reason.

Your and your child’s participation is very important and is highly valued and

appreciated.

If you have any questions about the study please do not hesitate to contact

me at the above address and telephone number.

If you decide to take part you will be given this information sheet to keep and

be asked to sign a consent form.

Thank you for taking time to read this sheet and considering taking part in

this research.
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Informed Consent Form for Parents/Guardians in a Research Study

Please complete this form after you have read the information sheet and/or

listened to an explanation about the research

Title of the Project: Exploring the association between untreated dental
caries and oral health related quality of life (OHRQoL) and

anthropometric measures among 5 to 9 year old Bangladeshi children.

This study has been approved by the UCL Research Ethics Committee

(Project ID Number): 5348/001

Thank you for your interest and willingness to participate in the study and
also allowing your son/daughter to take part in this research. Before you
agree to take part the person organizing the research must explain the

project to you.

If you have any questions arising from the information sheet or explanation
already given to you, please ask the researcher before you to decide whether
to join in or allowing your son/daughter to join in. You will be given a copy of

this consent form to keep and refer to at any time.
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Parent’s Statement:

(Please tick the box once you have read the statement)

* have read the information sheet of the above mentioned study and

understand what the research study involves.

* understand that my participation will be anonymous and all information will

be treated as strictly confidential.

* understand that my and my son’s/ daughter’s participation is voluntary and

that we are free to withdraw at any time without giving any reason.

* agree to take part in the study and allow my son/daughter to take part in the

study named above.

(Investigator) (Study participant)

Name and signature Name and signature
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Bengali version of Information sheets

and consent forms
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Pilot Study

A pilot study was conducted in January 2015 in Bangladesh among 5-9 year
old children from Dhaka Dental College Hospital and from a nearby primary
school (Model Academy). The pilot study provided the evidence for the
following:

Feasibility of the study protocol

The research protocol was assessed for its adequacy and feasibility during
the pilot study by asking participants to fill a written feedback form. A public
engagement project was also conducted with the school children and their
parents after the pilot study (funded by UCL Public Engagement body)
(Public engagement project in Bangladesh) that also helped to get in touch
with parents and getting their view regarding study participation. Both the
written and verbal feedback revealed that the parents considered this issue
as an important one and almost 99% of parents gave their opinion that the
procedure of conducting the study was acceptable. So, the pilot study proved
the overall feasibility of the procedures adopted for the study.
Appropriateness of the research instruments

The suitability of the research instruments was assessed from general
observation by interviewers and examiners and from the feedback of the pilot
study participants regarding their understanding of the questions, difficulties
related to question wordings, and their ability to answer all questions.
Questionnaire length

The exact time to fill in the parental and child questionnaire was recorded,

and it was not more than 15 minutes for parental questionnaire and 5-6
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minutes for the child questionnaire. Parents were asked about the length of
the questionnaire and most of them replied that the length was right.
Questionnaire orientation

Some parents suggested arranging the answer options horizontally rather
than vertically, which would reduce the length of the questionnaire. In the
parental SOHO-5 questionnaire the option of ‘1 don’t know’ has been omitted,
to get more meaningful response.

Wording and translation issues

The wording of the questionnaire was acceptable by the participants. Only
some words such as ‘happiness with teeth’, ‘avoid smiling due to

appearance’ needed to be explained to some children.

Changes made after the pilot study

The pilot study identified some potential difficulties and resulted in some
minor modifications of the procedures and questionnaires.

Changes made in parental questionnaire

* The question about ‘was your child underweight in- 1572"%3'%4™ year of life
(with reference value) showed high difficulties in understanding and
difficulties in answering.

This question was changed to: “Has your child ever been described by a
health professional as underweight?”

* Regarding the eating disturbance question: in question no 5, many children
reported that they used one side during chewing a food and avoided the

affected side but didn't consider this as a problem.
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To overcome this problem the question and the answer options was
changed. (See pilot questionnaire of parental questionnaire on eating
disturbance was changed as Appendix 5 on that section)

* Regarding additional sleep disturbance questions:

Question no. 1: Due to lack of time frame it was confusing to answer, so a
time scale was used and answer options were changed in question no. 2 due
to problem with the previous version (See pilot questionnaire of parental
guestionnaire on additional sleeping questions no 1 and 2, was changed as
Appendix 5 on that section of same section) (Highlighted part of pilot

guestionnaire for parents showed where it was changed)

Change made in parental questionnaire administration

In the pilot study, the interviewers administered parental questionnaire was
used in hospital setting. However it was not possible to carry out interviewer
administration questionnaire in the schools due to low rate of attendance the
parents for the interview even after sending the invitation letter for two times.
Therefore the questionnaire was sent to their home. Most of these returned
guestionnaires were completed.

Finally, the change in the administration of questionnaire was adopted for the
main study and self-administration of the questionnaires was adopted for
both hospital and school parents to maintain the consistency of the study

procedure.
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Lessons from the field

Issues encountered by interviewers/examiners during the pilot study
procedures and appropriate measures were taken to overcome those during
the main study:

» The political unrest condition of Bangladesh affected the transportation of
the survey team and attendance rate of the participants during the pilot study.
Therefore, careful scheduling of the main study was done to avoid hazards.
»The classrooms were not properly illuminated to conduct dental
examination and the electric supply was also interrupted, so hand torchlight
was used during dental examination.

» The floor was uneven in some classroom and it was difficult to set the
height, weight-measuring instrument properly. Therefore, it was set outside
the classroom in some cases.

» It was difficult to manage the young children; additional volunteers
(students from higher classes) helped the survey team to manage them.

» The schools had separate section for boys and girls in different shifts
(morning and day shift). This issue was considered during the main data
collection to get a more homogenous sample.

» To increase the number of returned filled up questionnaire in the school
setting; regular contact with the class teachers was maintained during the
main study, who reminded the children to return the questionnaire. All
children who took part in the main study were provided a toothbrush and

toothpaste as an incentive, which also helped to increase the response rate.
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Questionnaire for Parental Interview-used in Pilot

study

ID

Date:

Relationship with the child

UMother

UFather

QOther (please specify.........ccccoiviiiiinn.... )

Age and sex of respondent (parent):
Age and sex of child:

Date of Birth of the child: Month Day: Year:

School and class:

Number of siblings .......ccooiiiii

Was the child born preterm? (before 37 completed weeks of pregnancy)
UNo

UYes

U Cannot remember
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Birth weight of the child (if you can
FEMEMDEr)... .o

Weight of the children at birth (up to 2.5 kg or 5.5 pound is considered as
normal )

QAverage/ normal

UBelow average

UMore than average

Was the child breast fed?
UNo

UYes

If yes, for how long..............

Was the child suffered from any long standing illness in the first two years of
his /her life?

UNo

UYes

If yes please SPeCify. ... ..o
Was your child underweight in: (more than one answer can be ticked?)

Q The 1st year of life (less than 8.5 kg/16.5 pound at the end of 1% year)

0 The 2nd year of life (less than 11kg/22 pound at the end of 2™ year)

Q The 3rd year of life (less than 13 kg/26 pound at the end of 3rd year)

U The 4th year of life (less than 14 kg/28 pound at the end of 4th year)
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Questions about your child’s toothache

1. Did your child experience any pain/discomfort when his/her teeth were
coming through?

[1 Yes [1 No

2a. Has your child ever had toothache in the past (other than pain linked to
teeth
coming through)?

1 Yes (go to question 2b) 71 No (go to question 3a)

2b. If yes, how bad do you think the toothache was?

] Mild ] Moderate ] Severe

[1 Very severe
toothache toothache toothache y

toothache

3a. Does your child currently have toothache (other than pain linked to teeth
coming
through)?

1 Yes (go to question 3b) 71 No (go to question 4)

3b. If yes, how bad do you think the toothache is

[l Mild 1 Moderate (1 Severe

[1 Very severe
toothache toothache toothache y

toothache
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Questions about your child’s dental health and the effect of your child’s

teeth on his/her daily life

4. Has your child ever had any difficulty eating because of his/her teeth?

1 notatall [ alittle "1 moderate [ alot ‘Jagreatdeal [Jdon’tknow

5. Has your child ever had any difficulty speaking because of his/her teeth?

O notatall [ alittle 1 moderate [] alot Jagreatdeal [1don’tknow

6. Has your child ever had any difficulty playing because of his/her teeth?

O notatall [ alittle ) moderate [ alot Jagreatdeal [1don’tknow

7. Has your child ever avoided smiling because of the appearance of his/her
teeth?

O notatall [ alittle ) moderate [] alot Jagreatdeal [1don’'t know

8. Has your child ever avoided smiling because of the state (holes in teeth, pain)
of his/her teeth?

O notatall [ alittle "1 moderate [ alot ‘lagreatdeal []don’tknow
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9. Has your child ever had difficulty sleeping because of his/her teeth?

 notatall [ alittle 1 moderate [ alot Jagreatdeal [ don’tknow

10. Has your child’s self-confidence ever been affected because of his/her
teeth?

 notatall [ alittle 1 moderate [ alot Jagreatdeal [ don’tknow
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Questions about the effect of your child’s teeth on

appetite and eating disturbance

1. What is the general condition of your child’s appetite?

Very good appetite Poor appetite
2. Do you think dental pain is causing poor appetite of your child?

UNo
UYes
UNot applicable

3. Does your child try to avoid hard food due to problems with the teeth?
UNo
UYes

4. Do you need to make any change in food preparation due to dental
problem of your child? (solid to semiliquid or liquid, mash, pure, blend) of
your child?

UNo

UYes
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6. Does your child have any problems in eating/chewing of these foods due

to problems with the teeth?

Common food Problem
item
No Mild problem | Moderate Severe
problem problem

1. Rice/ Bread

(Ruti/parata)

2.Any kind of
Meat/Fish

3.Fresh  fruits
and vegetables
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Questions about the effect of your child’s teeth on his/her sleep

Disorders of initiating and maintaining sleep:

1. How many hours | 1.9-11 2.8-9 3.7-8 4.5-7 5.Less
of sleep does your | hours hours hours hours than 5
child get on most hours
nights.
2. How long after | 1.Less 2.15-30 | 3. 30-45|4.45-60 | 5.More
going to bed does | than 15 | min min min than 60
your child usually | min min
fall asleep.
1.Never | 2.0ccasionally | 3.Some | 4.0ften | 5.Always
times
(once or twice | (ONC€ | (3 or 5| (daily)
per month or | OF tWICE | times
less) per per
week) week)

3. The child goes to
bed reluctantly

4. The child has
difficulty getting to
sleep at night

5.The child feels
anxious or afraid
when falling asleep

6.The child wakes
up more than twice
per night

7.After waking up in
the night, the child
has difficulty to fall
asleep again
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Additional sleeping questions

1. Do you think your child has sleeping difficulties/ problem in sleeping/ poor
quality sleep?

UNo

UYes

If yes

Q It is due to problems with the teeth

QAny Other problem (Please specCify.........ccooiiiiiiiiiiiiiiiii, )
2. How frequently does toothache cause the child’s Sleep disturbance?
UNever

LOccasionally (once or twice per month or less)

QSome times (Once or twice per week)

QOften (3 or 5 times per week)

QAlways

3. How much of a problem is sleep disruption due to toothache, for your
child?

O Not a problem at all
O A small problem

QA very serious problem
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Socio-economic condition

1. What is the level of father's education?
U No education
QPrimary education
U Secondary education
UHigher Secondary education
UGraduate/ Higher education

2. What is the level of mother’s education?
U No education
UPrimary education
O Secondary education
UHigher Secondary education
QGraduate/ Higher education

3. What is father’s occupation?
U Service
UBusiness
4 Labour
UDomestic work
UOther (Please specify................... )

4. What is mother’s occupation?
U Service
UBusiness
4 Labour
UDomestic work
QOther (Please specify................... )

5. What is your gross house hold monthly family income?

<8000 taka/month
L18000-20,000 taka/month
>20,000-30,000 taka/month
U>30,000 taka/month

6. Is the earning sufficient to provide your family’s basic needs?
USufficient

UModerately sufficient
UNot sufficient

Thank you
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Appendix 5
Questionnaire used for the
main study
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English version of parental questionnaire
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Self-administered questionnaire for the parents:

Thank you for your help in the survey. By answering these questions you will
help us to find out more about dental decay and its impact on your child’s life
and health. All the children of your child’s class will take part in the study.

Your answers will only be used for research purpose and will be looked at by
the related researchers. These will be treated as confidential and
anonymous. Most questions need to be answered by putting a tick (V') in the
box next to the answer that applies to you. Like:

Does your child go to school?
UYes UNo
For few questions, a line is given where you can write the answer.

Usually after answering each question you will go on to the next one. Unless
if any of the options in a given question is followed by the expression “Go to
question...”, which means you should go straight to that question.

Read each question carefully and try to give answer of all the questions. If
you do not understand or unable to answer please be in touch with us by the
school (class teacher) or call in the provided number 01915533165
Remember that your answer is highly valuable for our study and it is not a
test.

Your child’s name:
Class roll: Class: Section:

Age of child:
Sex of child:
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Questionnaire for Parent’s Interview

ID no:

Date:

Relationship with the child

UMother

UFather

QOther (please specify.........cccceiviiiininn.... )

Sex
UFemale
UMale

Date of Birth of the child: Month Day: Year:

Height of the mother of the child .............
Height of the father of the child .............
Number of siblings ...

Was the child born preterm? (before 37 completed weeks of pregnancy)

UNo
UYes
U Cannot remember

Birth weight of the child (if you can
remember)........cooviiiii i

Weight of the children at birth (up to 2.5 kg or 5.5 pound is considered as
normal )

UAverage/ normal
UBelow average
UMore than average

Was the child breast fed?

UNo
UYes
If yes how long (......... year/............ month)
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Was the child suffered from any long standing iliness in the first two years of
his /her life?

UNo
OYes
If yes please SPeCify. ... ...

Has your child ever been described by a health professional as underweight?
UNo

UYes

(if yes could you remember which year? You can give more than one
answer)

U The 1st year of life U The 2nd year of life 4 The 3rd year of life 4 The 4th
year of life
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Questions about your child’s toothache

1. Did your child experience any pain/discomfort when his/her teeth were
coming through?

[l Yes [0 No

2a. Has your child ever had toothache in the past (other than pain linked to
teeth
coming through)?

1 Yes (go to question 2b) ] No (go to question 3a)

2b. If yes, how bad do you think the toothache was?

] Mild ] Moderate (1 Severe

[l Very severe
toothache toothache toothache Y

toothache

3a. Does your child currently have toothache (other than pain linked to teeth
coming
through)?

71 Yes (go to question 3b) "1 No (go to question 4)

3b. If yes, how bad do you think the toothache is?

_ 1 Very severe
[l Mild L] Moderate | Severe toothache

toothache toothache toothache
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Questions about your child’s dental health and the effect of your child’s

teeth on his/her daily life

4. Has your child ever had any difficulty eating because of his/her teeth?

] not at all [ alittle ] moderate [ alot [ agreat deal

5. Has your child ever had any difficulty speaking because of his/her teeth?

] not at all [ alittle ) moderate [ alot [ a great deal

6. Has your child ever had any difficulty playing because of his/her teeth?

71 not at all 11 alittle 1 moderate [ alot [l agreat deal

7. Has your child ever avoided smiling because of the appearance of his/her
teeth?

71 not at all 0 alittle ) moderate [ alot [ agreat deal

8. Has your child ever avoided smiling because of the state (holes in teeth, pain)
of his/her teeth?

71 not at all 0 alittle ) moderate [ alot [ agreat deal

9. Has your child ever had difficulty sleeping because of his/her teeth?

] not at all O alittle ] moderate [ alot [ a great deal

334



10. Has your child’s self-confidence ever been affected because of his/her
teeth?

] not at all [ alittle ] moderate [ alot [ agreat deal

Questions about the effect of your child’s teeth on appetite and

eating disturbance

1. What is the general condition of your child’s appetite?

"1Verygood [1good "I moderate 1 poor "1 veryPoor

2. Do you think dental pain is causing poor appetite of your child?

UNo
QYes
UNot applicable

3. Does the child try to avoid hard food due to problems with the teeth?

UNever
USometimes
UOften

4. Does the child prefer to chew on one side?

UNever
USometimes
UOften

5. Do you need to make any change in food preparation due to dental
problem of your child? (solid to semiliquid or liquid, mash, pure, blend) of
your child?

UNever
USometimes
UOften
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6. Was your child’s ability of chewing/eating ever hampered due to problems
with the teeth? (Using one side of jaw will be considered hamper of ability)

(Please give tick (V') in the appropriate box)

Common  food Chewing ability

item
Good ability | Ability mildly | Ability moderately | Ability
(Not hampered hampered due to | seriously
hampered due to dental | dental caries hampered due
due to dental | caries to dental
carirs) caries.

1. Rice/ Bread

(Ruti/parata)

2.Any kind of
Meat/Fish

3.Fresh fruits
and vegetables
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Questions about the effect of your child’s teeth on his/her sleep: Sleep

disturbance scale for children

Try to answer every question; in answering, consider each question as pertaining to
the past 6 months of the child’s life. (Please give tick (V) in the appropriate box striking
the number 1 to 5.

Disorders of initiating and maintaining sleep:

1. How many hours | 1.9-11 2.8-9 3.7-8 4.5-7 5.Less
of sleep does your | hours hours hours hours than 5
child get on most hours
nights.
2. How long after | 1. 2. 3. 4. 5.
going to bed does
your child usually | | ess 15-30 | 30-45 |45-60 | More
fall asleep than 15 | min min min than 60
min min
1 2 3. 4 5

Never | Occasionally | Some | Often Always

times
(once or (3 or 5 | (daily)
twice per | (Once | times
month or | or per
less) twice week)
per
week)

3. The child goes to bed
reluctantly

4. The child has difficulty
getting to sleep at night

5.The child feels anxious or
afraid when falling asleep
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6.The child wakes up more
than twice per night

7.After waking up in the night,
the child has difficulty to fall
asleep again

Additional sleeping questions

1. Do you think your child ever has any sleeping difficulties/ problem in
sleeping/ poor quality sleep?

UNo

UYes

If yes

Q It is due to problems with the teeth

UAny Other problem (Please Specify..........cooviiiiiiiiiiiies )

2. How frequently does toothache cause the child’s Sleep disturbance?
UNever

UOnce or twice in life

QFew episodes in a year

UFew episodes in a month

3. How much of a problem do you consider your child's sleep disturbance
due to dental problem?

O Not a problem at all
Q A small problem

U A very serious problem
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Socio-economic condition

2. What is the level of father's education?
U No education
QPrimary education
U Secondary education
UHigher Secondary education
UGraduate/ Higher education

2. What is the level of mother’s education?
U No education
UPrimary education
O Secondary education
UHigher Secondary education
QGraduate/ Higher education

3. What is father’s occupation?
Q Service
UBusiness
Q Labour
QDomestic work
UOther (Please specify................... )

4. What is mother’s occupation?
U Service
UBusiness
4 Labour
UDomestic work
QOther (Please specify................... )

5. What is your gross house hold monthly family income?

<8000 taka/month
L18000-20,000 taka/month
>20,000-30,000 taka/month
U>30,000 taka/month

6. Is the earning sufficient to provide your family’s basic needs?
USufficient
UModerately sufficient
UNot sufficient

Thank you for taking time to answer the questions
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Bengali version of parental questionnaire
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English version of child questionnaire
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Questionnaire for Children

ID no:

Date of interview:

Sex: UMale OFemale
Age:

Class:

Toothache questions

1. Did your teeth hurt when they were coming through?

0 No
d  Alittle
d Alot

2. Do your teeth hurt now (other than your teeth coming through)?
UNo
QA little
UA lot

3. Have your teeth ever hurt you?

0 No
a  Alittle
Qd Alot
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4. Has it ever been hard for you to eat because of your teeth?

d No
a  Alittle
ad Alot

5. Has it ever been hard for you to drink because of your teeth?

0 No
d  Alittle
d Alot

6. Has it ever been hard for you to speak because of your teeth?

0 No
a  Alittle
ad Alot

7. Has it ever been hard for you to play because of your teeth?

d No
a  Alittle
ad Alot

8. Have you ever not smiled because your teeth were hurting?

d No
a  Alittle
ad Alot
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9. Have you ever not smiled because of how your teeth look?

d No
a  Alittle
ad Alot

10. Has it ever been hard for you to sleep because of your teeth?

d No
a  Alittle
ad Alot

11. How happy are you with your teeth?

d Not happy

Q Alittle happy

O Very happy

12. Do you have any holes in your teeth?

UYes UNo UDon’t know

Thank you
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ANSWER CARD

“For each question, | will show you a card with three faces. If you had
no problem or you did not have a sore tooth, then choose the happy
face. If you had a little bit of a problem or your tooth was a little sore,
then you can choose the middle face. If you had a lot of problem or
your tooth was very sore, then choose the sad face.”

Point to the face that shows how much your teeth hurt."

© © ®

No A little A lot
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Bengali version of child questionnaire
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Appendix 6
Sample size calculation
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Sample size calculation

Based on the results obtained from the pilot study the required sample size
for the main study was calculated. As in the pilot study, the mean difference
in BMI-for-age z-scores between groups 1 and 2 was 0.36, while between
groups 2 and 3 it was 0.37. So, the sample size calculation was done
considering mean BMI-for-age z-scores difference of 0.33 between two

caries groups, and standard deviation of 1.

sample size calculation of the study

Two-sided confidence level(1-alpha) 95

Power(% chance of detecting) 80

Ratio in each group: 1

At 95% level of significance the true value the required simple size is

calculated as

Sample Size For Comparing Two Means

Input Data
Confidence Interval (2-sided) 95%
Power 80%
Ratio of sample size (Group 2/Group 1) 1
Group 1 Group 2Difference*
Mean 0.33
Standard deviation 1 1
Variance 1 1
Sample size of Group 1 145
Sample size of Group 2 145
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The Open Epi version 3 online calculator has been used for this calculation

(Dean et al. 2015).

Based on this calculation the minimum required simple size was 145 children
in each group, resulting in a total of 435 (145*3) children for three groups.
Considering design effect of 1.5, estimated sample size became 653. Finally,
assuming a response rate of 82% (following the results from the pilot study),

the final total estimated sample size was 797.
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Appendix 7
Training and Calibration
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Preparing training protocol

A field manual was prepared before training of the survey team for field work
which contained the details of study background, study participants,
guestionnaire guide, planning of field work, managing participants, height and
weight measurement and clinical oral examination guidelines. A separate log
book was maintained for monitoring of fieldwork and addressing any issues
from the field. Survey team leader (PhD candidate) managed the logbook,
ordered supplies, as well as managed other administrative and logistic

procedures.
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Training procedure

Day 1

Session 1

Session 2

Session 3

Topics

-Introduction of team

members.

-Discussion on study
background, aim,
objectives and

methods.

-Discussion on
interview

guestionnaire.

-Cross infection
procedures and

survey manners.

(All team members

took part here.)

-Training and
discussion on clinical
indices and tooth
coding based on the
training CD from
‘Children’s Dental
Health Survey 2013,
UK’ with all dentists
and recording
assistants. The
training CD was
played for them and
there was a short

discussion for further

clarification. At the end

of this session a copy
of training CD and
notes on tooth coding
was distributed to all

dentists.

-Briefing with the
interviewer and
anthropometric
measurement
takers on how to
use the instrument
and how to

measure with it.

-Demonstration on
how to use the
guestionnaire and
conduct the

interview.

-A practical session
on height weight
measurement and
conduction of
interview was run

with them.
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Day 2

Session 1

Session 2

Session 3

Topics

Final discussion and
clarification based
on training CD to
make the team
prepared to get the
practical training in

child’s oral cavity.

A practical training on
dental examination of
children. Five children
with a wide range of
levels of dental caries
were examined by all
three dentists and the
recording assistants
recorded that. Their
reports were
examined for any
disagreement and in
case of any
disagreement the
patient was re-
examined and the
issue was discussed
at that time so that
inter-examiner
differences could be
reviewed and resolved

by group discussion.
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Procedure for calibration test

Twelve patients participated in the first day of calibration who were invited for
the procedure. Each patient was examined by the calibrator (PhD candidate)
and then by each examiner. Finally the findings of the calibrator were

compared with those of other two examiners.

On the next day every examiner independently examined the same group of
patients (this time seven of them were present) and then inter and intra

examiner reproducibility were checked.
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Appendix 8
The procedure of clinical
dental examination
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Procedure of clinical dental examination

Three trained and calibrated dentists (including the PhD candidate)
performed the non-invasive clinical dental examination and three recorders
recorded that. Examinations were done with the children by sitting straight on
a stool. Dental examination was conducted visually using hand torchlight with
blue-white colour spectrum and disposable plastic dental mirror. Tweezers
and cotton was used to remove any gross deposition of food debris and
plaque if needed. Standardized procedures were used employing cross
infection management policies and practice so that there were minimum risk
to the participants. Each child was examined by a dentist wearing a new pair
of gloves and using disposable sterile instruments, and all used disposable

instruments was discarded (Picture is shown in Appendix 14).

Dental caries measure

Following the CDHS 2013, the tooth was examined by each tooth surface as
mesial, distal, facial, lingual and occlusal surfaces and checked for whether it
is sound, carious, restored, or missing due to caries. Tooth status was
categorized as sound, visual change in enamel, localized enamel breakdown
because of caries with no visible dentin or underlying shadow, underlying
dark shadow from dentin, distinct cavity with visible dentin and extensive
distinct cavity reaching the pulp (Ismail et al. 2007). However, for analysis
purpose the visible dentin caries was considered as dental caries at tooth

level was considered.
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Oral Examination form

Childs unique code:

Setting: Hospital/School(...........cccoooiiiiiii, ) Sex: Boy/ Girl

Age:

Criteria:

Tooth codes: Unerupted: 8, Extracted (caries): 6, Missing(trauma): T

(Please circle which tooth you are examining)

Surface codes:

Sound-0

Enamel caries (non cavitated)-Av; Enamel caries (cavitated)-Ac

Visual caries in dentin (non cavitated)-2v; Cavitated caries-2c; Decayed pulpal involvement 3.

Filled, recurrent (no visual cavity)-4V; Filled,recurrent (cavity)-4c ; Filled (no decay)-5; Crown or
advanced restoration-C, Traumatized surface-t

DMFT code
Upper teeth

7 |6 Jes[dafc3[b2]al] [a1[b2][c3 |d4e5][6 |7
> D
. o}
v M
° B
: L

Lower teeth
Right Left

7 6 e5|/d4|c3|b2 a1 al|b2|c3 |d4|e5 |6 7
D D
O 0
M M
B B
L L
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PUFA/pufa code

Right Left

7 6 e5|d4|c3 |b2|al al|b2|c3 |d4|e5 7
Lower teeth
Right Left
al|b2|c3 |d4|e5 7
7 6 e5|d4|c3 |b2|al
Status Code for
PUFA

Sound 0
Visible Pulpal involvement | P
Ulceration caused by |U
dislocated tooth fragments
Fistula F
Abscess A
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Appendix 9
Procedure of anthropometric
measurement
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Height and weight measurement of the children was measured by the same
examiner. The measurement for height and weight was taken to the nearest
0.1 cm and 0.1 kg, respectively. Height was measured with the child standing
without shoes using a portable stadiometer (Leicester height measure). The
child was asked to stand straight with heels together and head placed in the
Frankfurt plane. Weight was measured with the child standing and wearing
light clothes and not wearing shoes, by using a pre-calibrated digital Seca
scale. The portable digital scale was placed on a firm surface during the
examination and was calibrated every morning. Two measurements were

taken for each child and the average was used for the final analysis.
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Height and weight Assessment Form for Children

ID no:

Date of interview:

Sex: UMale QOFemale

Age:

Class:

Height measurement

Reading Height (CM)

1% measurement

2"9 measurement

Weight measurement

Reading Weight (KG)

1% measurement

2"9 measurement
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Appendix 10
Validity and reliability of
the Bengali SOHO-5

379



The validity of the Bengali version of SOHO-5 questionnaire was evaluated in
terms of face, content and constructs validity and the tests for reliability

(internal consistency and test-retest reliability) were also conducted.

Face and content validity

Face validity refers to whether the items appear to be measuring what they
are supposed to measure. There are no empirical approaches to test it
(Streiner et al. 2014). Content validity is a similar concept, but in this case a
panel of experts examines the instrument and determines the degree to
which its items address the topics of the instrument that it is supposed to
measure (Streiner et al. 2014). The assessment of face and content validity
of the Bengali version of SOHO-5 was carried out in close collaboration with
the team who designed the original SOHO-5 (Tsakos et al. 2012). This was
followed by a discussion among the dentists involved in conducting the pilot
study, and a review of the comments given by participants’ parents, with the
aim to explore the comprehensiveness of the translated SOHO-5 items and
the relevance and understanding of the content of the questionnaire. In light
of the feedback given by experts and parents, the translated version

underwent some minor changes with wording before the main study.
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Construct validity

Construct validity is tested by linking the attribute of the measure to some
other attribute by a hypothesis or construct. Many constructs arose from
theories or clinical observations or objective measures. There is no one
experimental design or statistic, which is common to construct validation
studies (Streiner et al. 2014). Among many ways of establishing construct
validation, ‘convergent and discriminant validation’ is one that was used in

this study.

Convergent validity

Convergent validity referred as how closely the scale is related to other
variables or other measures of the same construct to which it should be
related. It is expected that the index should correlate with other measures of

this construct (Streiner et al. 2014).

In this study the association of the SOHO-5 score with subjective oral health
status measures (satisfaction with teeth, reported cavities, current toothache,
and toothache experience) was examined. To address this, the following
variables were included in child questionnaire: satisfaction with oral health
(How happy are you with your teeth? With answer options: very happy =0, a
little happy =1, and not happy =2) and presence of dental cavities (Do you
have any holes in your teeth? With answer options: no=0, yes=1, 2=don’t
know), for current or ever toothache (Do you have toothache? With answer
options: no=1, a little=2 and a lot=2). The association with overall quality of

life score and these measures was tested by nonparametric test (as the
381



frequency distribution for SOHO-5 score was skewed). Kruskal Wallis test
was used (as there were more than two categories) for testing association of
overall child’'s SOHO-5 scores with perceived satisfaction with teeth and
toothache experience groups (Tsakos et al. 2012; Yusuf et al. 2006; Tubert-
Jeannin et al. 2005). For the analysis purpose, the ‘don’t know’ category of
perceived tooth decay measure was excluded (6.7% children were in this
group) and Wilcoxon rank-sum (Mann-Whitney) test was used for testing the
association. It was expected that lower the self-satisfaction level, having hole
in teeth and having toothache experience, the higher the mean and median

of SOHO-5 score.

Discriminant validity

The study assessed whether the SOHO-5 can discriminate between different
clinical groups. Data from the children’s clinical dental examination (caries
and pufa+PUFA experience) was used to test discriminant validity by
assessing the association between SOHO-5 and clinical measures, thereby
looking at its ability to distinguish between different clinical groups. It was
tested by difference in mean and median of overall SOHO-5 scores among
four caries severity groups of children (dmft+DMFT=0, 1-2, 3-5, 6-max) by
using Kruskal Wallis test and two dental sepsis groups (pufatPUFA =0,
pufa+PUFA >0) by using Wilcoxon rank-sum (Mann- Whitney) tests (Tubert-
Jeannin et al. 2005; Tsakos et al. 2012). It was expected that the higher the

caries and sepsis score, the higher the mean and median of SOHO-5 score.
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The previous ‘validity’ tests provide evidence that the tool is measuring what

it is intended.

Reliability of the questionnaire

In this study reliability was assessed for internal consistency and test-retest

reliability.

Internal consistency

If the measure has different items addressing the same underlying dimension
then it is reasonable to expect that the scores on each item would be
correlated with scores on all other items. Measures of internal consistency
are based on a single administration of the measure and represent the
average of the correlations among all the items in the measure. In this study
it was tested by using standard Cronbach alpha, interitem and item-total
score correlation. The reliability coefficient (alpha) can range from 0 to 1, with
0 representing an instrument having maximum level of error and 1
representing total absence of error. Various authors have made different
recommendations regarding the minimum accepted level of reliability
(Streiner et al. 2014). The level of reliability coefficient of Cronbach alpha
0.70 or higher was considered as acceptable reliability for this study (Abanto

et al. 2013).
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Test-retest reliability

Test-retest reliability provides evidence of the stability of the scale by
measuring the degree of agreement between two observations/
measurements of the patient on two occasions separated by some interval of
time using the same scale and with the same respondents. So, this provides
an estimation of the degree to which the results are reproducible, where
Kappa value of 1 implies perfect agreement and values less than 1 imply less
than perfect agreement (Altman 1991). The interpretation of Kappa used in

this study was following:

e Poor agreement = Less than 0.20

o Fair agreement = >0.20 to 0.40

e Moderate agreement = >0.40 to 0.60
o Good agreement = >0.60 to 0.80

« Very good agreement = >0.80 to 1.00

In this study test-retest reliability of the questionnaire was assessed by
repeated administration of the questionnaire on a sub-sample of children.
The sub-sample consisted of 20 children. Second interviews were conducted
in two schools with randomly selected 10 children from the previous sample
in each school. Test-retest reliability was assessed by the weighted kappa for
the total SOHO-5 score to measure the agreement between the two

measurements (Tubert-Jeannin et al. 2005).
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Appendix 11
Sleep disturbance
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Sleep disturbance score

Sleep disturbance was assessed by a sleep disturbance scale that has been
translated to Bengali and adapt for use in Bangladesh from the sleep
disturbance scale for children (Bruni et al. 1996). Seven questions were
taken from this to assess problems with initiating and maintenance of sleep.
These questions were: total duration of night sleep, approximate time for
sleep onset, whether the child is reluctant to go to bed, difficulty and anxiety
to fall asleep, night time awaking more than two times and difficulty to fall
asleep again. These questions assess sleeping difficulties over the last 6
months. The answer options for total duration of sleep were: 9-11 hours
(score of 1), 8 hours (score: 2), 7 hours (scores: 3), 5 to 6 hours (score: 4)
and less than 5 hours (score: 5). For the second question ‘the approximate
time for sleep onset, the answer options were less than 15 minutes that
scores 1, 15-30 minutes scores 2, 30-45 minutes scores 3, 45-60 minutes
scores 4 and more than 60 minutes scores 5. The answers of the last five
guestions were assessed with five answer options: never scores O,
occasionally (once/ twice per month) scores 1, sometimes (once/twice per
week) scores 3, often (3-5 times per week) scores 4 and always (daily)
scores 5. The cumulative score of these seven questions was considered as
the sleep disturbance score for the child. So, the scale was ranged from 7 to
35 and the aggregate higher score was considered as more sleep

disturbance.
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Table A 1 Results of multiple linear regression models testing the association of dental caries and

confounders and parental height and weight: presented as Regression coefficient (95% CI)(N= 371)

HAZ, WAZ and BAZ adjusted for potential

Categories

Model H1-HAZ

Model H2-HAZ

Model W1-WAZ

Model W2-WAZ

Model B1-BAZ

Model B2-BAZ

Dental caries (ref:
dmft+DMFT=0)

Mild caries
(dmft+DMFT=
1-2)
Moderate
(dmft+DMFT=
3-5)
Severe
(dmft+DMFT=
6-max)
Maternal education
(ref=no and
primary education)

Secondary

Higher
secondary

Tertiary

-0.02 (-0.35, 0.32)"°

-0.34 (-0.68, -0.00)°

-0.42 (-0.87,0.02) ®

0.29 (0.15, 0.73)\*®

0.56 (0.13, 0.99)*

0.84 (0.39, 1.29)***

-0.09 (-0.42, 0.23)"°

-0.32 (-0.64, 0.01)"°

-0.31(-0.74, 0.12)"°

0.43 (-0.00, 0.86)"°

0.57 (0.15, 0.99)**

0.86 (0.42, 1.30)***

-0.07 (-0.47, 0.33)"°

-0.57 (-0.97, -0.16)**

-0.63 (-1.16, -0.10)*

0.15 (-0.37, 0.67)"°

0.58 (0.07, 1.09)*

0.63 (0.10, 1.17)*

-0.17 (-0.55, 0.21)"°

-0.52 (-0.90, -0.14)**

-0.48 (-0.98, 0.02)"°

0.35 (-0.15, 0.84)"°

0.58 (0.09, 1.06)*

0.68 (0.17, 1.18)**

-0.09 (-0.51, 0.33)"°

-0.54 (-0.96, 0.12)*

-0.55 (-1.10, 0.00)"°

-0.06 (-0.61, 0.49)"°

0.37 (-0.17, 0.90)"°

0.18 (-0.38, 0.75)"°

-0.16 (-0.57, 0.24)"°

-0.49 (-0.90, 0.09)*

-0.42 (-0.96, 0.11)"°

0.11 (-0.42, 0.64)"°

0.35 (-0.17, 0.86)"°

0.23(-0.32,0.77)"°
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Categories

Model H1-HAZ

Model H2-HAZ

Model W1-WAZ

Model W2-WAZ

Model B1-BAZ

Model B2-BAZ

Monthly family
income (ref=<8000
Taka)

8-20 thousand

>20-30
thousand

>30 thousand

Setting

(ref=Hospital)
School
children

Birth weight
(ref= normal
weight)

Low weight

High weight
Childhood diseases

(ref=no)
Any diseases

0.09 (-0.40, 0.57)°
0.50 (-0.01, 1.02)*

0.07 (-0.48, 0.61)"°

0.75 (0.40, 1.10)***

-0.07 (-0.49, 0.35)°

0.32 (-0.09, 0.72)"°

-0.17 (-0.51, 0.16)"°

0.02 (-0.45, 0.49)"°
0.27 (-0.23, 0.77)"°

-0.20 (-0.73, 0.34)"°

0.75 (0.40, 1.09)***

0.01 (-0.39, 0.42)"°

0.26 (-0.13, 0.65)"°

-0.08 (-0.41, 0.25)"°

0.13 (-0.71, 0.44)"°
0.53 (-0.08, 1.14)"®

0.18 (-0.47, 0.82)"°

0.67 (0.25, 1.08)**

-0.71 (-1.21, -0.21)**

0.49 (0.01, 0.97)*

-0.23 (-0.63, 0.17)"°

-0.24 (-0.79, 0.31)"°
0.20 (-0.38, 0.78)"°

-0.20 (-0.82, 0.42)"°

0.65 (0.25, 1.05)**

-0.58 (-1.05, -0.11)*

0.41 (-0.04, 0.87)"°

-0.15 (-0.54, 0.23)"°

-0.24 (-0.85, 0.36)"°
0.37 (-0.27, 1.01)"°

0.24 (-0.43, 0.92)"°

0.28 (-0.16, 0.71)"°

-0.99 (-1.51,-0.46)***

0.49 (-0.02, 0.99)"°

-0.19 (-0.61, 0.23)"°

-0.34 (-0.92, 0.24)"°
0.08 (-0.54, 0.70)"°

-0.08 (-0.75, 0.58)"°

0.26 (-0.17, 0.68)"°

-0.87 (-1.37, -0.37)**

0.42 (-0.06, 0.91)"°

-0.16 (-0.57, 0.25)"°
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Categories Model H1-HAZ

Model H2-HAZ

Model W1-WAZ

Model W2-WAZ

Model B1-BAZ

Model B2-BAZ

Parental height

Mother’s
height

Father’s
height

Parental weight

Mother’s
weight

Father’'s
weight

0.18 (-1.36, 1.72)"°

0.84 (-0.62, 2.30)"°

0.22 (0.01, 0.04)*

0.02 (0.00, 0.03)**

-1.20 (-2.99, 0.59)"°

1.34 (-0.35, 3.04)"°

0.03 (0.01, 0.05)***

0.03 (0.01, 0.05)**

-1.85 (-3.76, 0.05)"°

1.18 (-0.63, 2.99)"°

0.03 (0.01, 0.05)**

0.03 (0.01, 0.04)*

*0k 0<0.001 *p<0.01 *p<0.05

Model H1: HAZ + dental caries + maternal education + family income + setting + birth weight + childhood disease.

Model H2: HAZ + dental caries + maternal education + family income + setting + birth weight + childhood disease + Parental height and weight.

Model W1: WAZ + dental caries+ maternal education + family income + setting + birth weight + childhood disease.

Model W2: WAZ + dental caries+ maternal education + family income + setting + birth weight + childhood disease + Parental height and weight.

Model B1: BAZ + dental caries+ maternal education + family income+ setting + birth weight + childhood disease.

Model B2: BAZ + dental caries+ maternal education + family income + setting + birth weight + childhood disease + Parental height and weight.
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Table A 2 Results of multiple linear regression models testing the association of dental sepsis and HAZ, WAZ and BAZ adjusted for potential

confounders and parental height and weight: presented as Regression coefficient (95% CI)(N= 371)

Categories

Model H1-HAZ

Model H2-HAZ

Model W1-WAZ

Model W2-WAZ

Model B1-BAZ

Model B2-BAZ

Dental sepsis (ref=
pufa+PUFA=0)

Dental sepsis
(pufat+tPUFA=
1)

Maternal education
(ref=no and
primary education)

Secondary

Higher
secondary

Tertiary

Monthly family
income (ref=<8000)
8-20 thousand

>20-30
thousand

-0.38 (-0.67, -0.08)*

0.26 (-0.18, 0.70)"°

0.53 (0.10, 0.96)*

0.84 (0.39, 1.29)***

0.08 (-0.40, 0.56)"°

0.48 (-0.03, 0.99)"°

-0.29 (-0.58, -0.01)*

0.41 (0.02, 0.83)"°

0.55 (0.13, 0.96)*

0.85 (0.41, 1.29)***

0.00 (-0.46, 0.47)"°

0.25 (-0.25, 0.75)"°

-0.43 (-0.78, -0.08)*

0.11 (-0.41, 0.64)"*°

0.54 (0.03, 1.06)*

0.64 (0.10, 1.18)*

-0.15 (-0.73, 0.42)"°

0.51 (-0.10, 1.12)"°

-0.30 (-0.64, 0.03)"°

0.32 (-0.18, 0.82)"°

0.55 (0.07, 1.04)*

0.68 (0.16, 1.19)*

-0.28 (-0.82, 0.26)"°

0.17 (-0.41, 0.76)"°

-0.33 (-0.69, 0.04)"°

0.09 (-0.64, 0.46)"°

0.34 (0.20, 0.88)"°

0.19 (0.38, 0.76)"°

-0.26 (-0.86, 0.34)"°

0.35 (-0.29, 0.99)"°

0.21 (-0.57, 0.14)"°

0.09 (-0.45, 0.62)"°

0.33 (-0.19, 0.85)"°

0.23 (-0.31, 0.78)"°

-0.38 (-0.96, 0.20)"°

0.06 (-0.56, 0.69)"°
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Categories

Model H1-HAZ

Model H2-HAZ

Model W1-WAZ

Model W2-WAZ

Model B1-BAZ

Model B2-BAZ

>30 thousand
Setting
(ref=Hospital)

School
children

Birth weight
(ref= normal
weight)

Low weight

High weight

Childhood diseases
(ref=no)
Any diseases

Parental height

Mother’s
height

Father’s
height

0.05 (-0.49, 0.59)"°

0.73 (0.37, 1.08)***

-0.12 (-0.54, 0.30)°

0.30 (-0.10, 0.71)"®

-0.20 (-0.53, 0.14)"°

-0.22 (-0.75, 0.31)™®

0.73 (0.38, 1.07)***

-0.02 (-0.43, 0.39)"°

0.24 (-0.14, 0.63)"°

-0.10 (-0.43, 0.23)"°

0.20 (-1.32, 1.74)"°

0.77 (-0.68, 2.23)"°

0.14 (-0.50, 0.79)"™

0.69 (0.27, 1.12)*

-0.76 (-1.26, -0.26)**

0.47 (-0.01, 0.95)*

-0.26 (-0.66, 0.14)"°

-0.24 (-0.87, 0.38)"°

0.68 (0.28, 1.09)**

-0.61 (-1.09, -0.13)*

0.39 (-0.06, 0.85)"°

-0.18 (-0.57, 0.21)"°

-1.20 (-2.99, 0.59)"°

1.32 (-0.39, 3.02)"°

0.21 (-0.47, 0.89)"™

0.32 (-0.12, 0.77)"°

-1.02(-1.55, -0.50)***

0.47 (-0.04, 0.97)"°

-0.22 (-0.64, 0.20)"°

-0.13 (-0.79, 0.53)"°

0.31 (-0.12, 0.74)"°

-0.89 (-1.40, -0.38)**

0.40 (-0.08, 0.89)"°

-0.18 (-0.59, 0.23)"°

-1.87 (-3.78, 0.04)"°

1.19 (-0.63, 3.01)"°
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Categories Model H1-HAZ Model H2-HAZ Model W1-WAZ Model W2-WAZ Model B1-BAZ Model B2-BAZ

Parental weight

Mother’s 0.02 (0.01, 0.04)*=* 0.03 (0.01, 0.05)**= 0.03 (0.01, 0.05)**
weight
Father’s 0.02 (0.01, 0.04)** 0.03 (0.01, 0.05)** 0.03 (0.01, 0.05)**
weight

% n<0.001 **p<0.01 *p<0.05

Model H1: HAZ + dental sepsis + maternal education + family income + setting + birth weight + childhood disease.

Model H2: HAZ + dental sepsis + maternal education + family income + setting + birth weight + childhood disease + Parental height and weight.
Model W1: WAZ + dental sepsis + maternal education + family income + setting + birth weight + childhood disease.

Model W2: WAZ + dental sepsis + maternal education + family income + setting + birth weight + childhood disease + Parental height and weight.
Model B1: BAZ + dental sepsis + maternal education + family income+ setting + birth weight + childhood disease.

Model B2: BAZ + dental sepsis + maternal education + family income + setting + birth weight + childhood disease + Parental height and weight.
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Appendix 13
Correlation coefficients matrix



Correlation coefficients matrix: exposures, outcomes, potential mediators, and demographic, socio economic and early

childhood factors R (Pearson’s Correlation Coefficient) p-value

dmft+ pufa+ HAZ WAZ BAZ SOHO-  Eat. Sleep  Tooth Poor Sex Age M. Family  Birth C.

G6€

DMFT PUFA 5 diff. dis. ache  appetite edu income wt. dis.
dmft+ 1
DMFT
pufa+ 0.64* 1
PUFA
HAZ -0.25*  -017* 1

WAZ -0.28*  -0.19* 0.80* 1

BAZ -0.22*  -0.15* 0.44* 0.89* 1

SOHO- 0.49* 0.43* -0.18*  -0.22* -0.19* 1

g:_’:lt. 0.54* 0.48* -0.27*  -0.31* -0.25¢ 0.57* 1

[S)_Ilgép 0.43* 0.38* -0.15*  -0.17*  -0.13* 0.66* 053* 1

'?'I(i.)tha 0.58* 0.44* -0.21*  -0.25* -0.21* 0.62* 0.51* 0.56* 1

(J;%r 0.26* 0.19* -0.20*  -0.34* -0.36* 0.27* 0.34* 0.30* 0.30* 1

gre)?(e. ’-\12.01 8é00 0.07 0.11 0.11 8é02 -N(g.OO ONSOO -N(g.OZ ONsOl 1

~ # #

Age -0.07 -0.06 -0.24*  -0.10 0.02 -0.03 -0.11* -0.01 -0.04 -0.13* 0.10 1
NS NS # NS NS NS NS #
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dmft+ pufa+ HAZ WAZ BAZ SOHO- Eat. Sleep  Tooth Poor Sex Age M. Family Birth C.
DMFT PUFA 5 diff. dis. ache  appetite edu income wi. dis.
M.edu -0.17* -0.15* 0.33* 0.34* 0.25* -0.15*  -0.21* -0.14* -0.17* -0.08 0.10 &(3)'03 1
~ #
Fam. -0.04 -0.09 0.18* 0.23* 0.21* -0.08 -0.10 -0.06 -0.06 -0.04 0.13* 0.07 043 1
income NS _ _ # NS NS NS NS
Birth -0.04 -0.02 0.11 0.1718 0.18* -0.03 -0.06 -0.03 -0.05 -0.09 0.04 0.08 0.06 0.02 1
Wt. NS NS # * NS NS NS NS - NS - NS NS
Child. 0.12* 0.11*0 -0.07 -0.10 -0.10 0.09 ~ 0.17 0.09 0.10 0.14* -0.08 -0.06 -0.08 -0.03" -0.03 1
diseas # # NS # NS ~ ~ # ~ NS ~ NS
es

p-value *<0.001 #<0.01 ~<0.05 "> Not significant
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Appendix 14
Photo Glossary of the survey
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Picture of conducting interview

Picture of clinical dental examination
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Picture of oral hygiene instruction after the survey

Picture of distribution of toothbrush, toothpaste



Picture of a primary school participated in the survey

Picture of Dhaka Dental College Hospital
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Conference presentation

Associations between dental caries and BMI among 5-9 year old
Bangladeshi children.

MP Mishu, R Watt, G Tsakos, A Heilmann

Eur ] Public Health (2016) 26 (suppl_1): ckw171.021.
Published: 02 November 2016
DOI:https://doi.org/10.1093 /eurpub/ckw171.021

Aim

Previous research on associations between dental caries and BMI among
children has produced inconsistent results. The aim of this study was to assess
the associations between dental caries and height, weight and BMI among 5 to 9

year old Bangladeshi children.

Methods

A cross sectional observational study was conducted among 5-9 year old
children in Dhaka, Bangladesh. Ethical approval was granted by the UCL
Research Ethics Committee and National Research Ethics Committee
Bangladesh. All parents gave their written consent. Children were recruited
from those coming for dental treatment to Dhaka Dental College Hospital and
from three nearby primary schools. Clinical dental data were collected by
trained and calibrated dentists, using WHO Oral Health Survey Basic Methods
(2013). Outcome measures were height, weight and BMI of the children,
converted to Z-scores: weight-for-age (WAZ), height-for-age (HAZ) and BMI-for-
age (BAZ). The main exposure was a combined measure of decayed, missing and
filled deciduous and permanent teeth (dmft+DMFT). Multiple linear regression
analysis was used to assess the associations of interest, adjusting for potential

confounders (age, sex, parental education, occupation and household income).
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Results

The final sample comprised 788 children and response rate was 92%. The mean
dmft+DMFT in the study population was 2.8 (95% CI: 2.6-3.0). Children with
high level of caries experience had significantly lower HAZ, WAZ and BAZ scores
compared to low and no caries groups. In the fully adjusted model, one-point
increase in dmft+DMFT score was associated with 0.1 decreases in each of the
HAZ, WAZ and BAZ scores (P < 0.001).

Conclusions

The results of this study provide evidence that dental caries was associated with
lower height, weight and BMI among Bangladeshi children. As dental caries
appears to contribute to lower height and weight in children; so, it is important

to reduce the high levels of dental caries among Bangladeshi children.
Key messages

e Dental caries was associated with lower height,
weight and BMI among Bangladeshi children

e The caries level is high in this country and most
of the decay remains untreated. So, it is
important to reduce the high levels of dental

caries among Bangladeshi children

© The Author 2016. Published by Oxford University Press on behalf of the
European Public Health Association. All rights reserved.

Presented in 9" European Public Health Coference, 9-12 November

2016, Vienna, Austria.
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Publication from UCL Public Engagemant

Healthy Eating and Healthy
Mouths for Children

Masuma Penvin Mishu

The Project

‘Healthy Eating and Healthy Mouths for Children’
was run by PhD student Masuma Pervin Mishu.
Masuma brought children, parents and dentists
together in two schools in Dhaka, Bangladesh to
discuss tooth decay, caries, healthy eating and
oral hygiene. To form her team, Masuma recruited
dentists from Dhaka Dental College Hospital who
were enthusiastic about helping these school
children and opening dialogue on oral hygiene.

Masuma'’s team hosted workshops on early
detection of tooth decay and dental cavities

- and on healthy eating. These workshops were
practical in nature, showing children and parents
how to take control of their own dental hygiene

- and enquiring into the issues they faced getting
treatment in their community.

Train and Engage :

Masurpa highlights the Train and Engage program
as integral to the success of this event and that it
gave her a ‘practical idea of how people think and
feel about dental caries and healthy eating issues'

The Public Engagement Unit helped to guide
the project, ensuring that strong evaluation
techniques were used to enhance its value as

- aplot. Masuma developed skills in need

assessment and project planning.

Legacy »

Masuma's team reached 400 school children and
200 parents through this project and provided
provided plastic dental mirrors to these families.
The conversations evoked by the project further
informed Masuma'’s research and gave her an
insight into the day to day issues facing those
who benefit from that research. The dentists
involved also received specialised support from
Mishu, bringing them up to date on best practices
employed at UCL. The relationships created from:
this project have led to further projects on dental
health in these schools and allowed research at
UCL to connect with international groups.

Public and Cultural Engagement, UCL
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Three minutes thesis presentation

Impact on child’s growth

Eating disturbance i Sleeping disturbance

Presentation on: The association between dental caries and anthropometric measures

in 5-9-year-old Bangladeshi children.

Three Minute Thesis

This is to certify that

Masuma Mishu

was a Finalist in the UCL-UCLU Three Minute Thesis competition 2015 i
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