Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 April 2017 d0i:10.20944/preprints201704.0146.v1

Title

Early Childhood Dental Caries, Mouth Pain, and Malnutrition in the Ecuadorian Amazon Region

Authors and Affiliations
Marvin So, **, Yianni A. Ellenikiotis ™, Hannah M. Husby ¢, Cecilia Leonor Paz ¢,

b.** and Karen Sokal-Gutierrez &

Brittany Seymour
#Harvard T.H. Chan School of Public Health, 677 Huntington Avenue, Boston, MA 02115,
USA; marvin.so@mail.harvard.edu

®Harvard School of Dental Medicine, 188 Longwood Avenue, Boston, MA 02115, USA;
yianni_ellenikiotis@hsdm.harvard.edu

¢ University of California Los Angeles Fielding School of Public Health, 650 Charles E. Young
Drive S., Los Angeles, CA 90095, USA; hmhusby@gmail.com

dDoctor en Odontologia General, Quito, Ecuador, cecamila@yahoo.com

¢ Berkeley-San Francisco Joint Medical Program, University of California, 570 University Hall,
MC 1190, Berkeley, CA 94720, USA; ksokalg@berkeley.edu

* Joint First Authors

** Joint Senior Authors

Corresponding Author

Marvin So

Harvard T.H. Chan School of Public Health

677 Huntington Avenue, Boston, Massachusetts 02115, United States

Email: marvin.so@mail.harvard.edu, Phone: 909-680-9451

© 2017 by the author(s). Distributed under a Creative Commons CC BY license.


http://dx.doi.org/10.20944/preprints201704.0146.v1
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.3390/ijerph14050550

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 April 2017 d0i:10.20944/preprints201704.0146.v1

Submission Type

Original Research Article

Abstract

Malnutrition and dental caries in early childhood remain persistent and intertwined global health
challenges, particularly for indigenous and geographically-remote populations. To examine the
prevalence and associations between early childhood dental caries, parent-reported mouth pain and
malnutrition in the Amazonian region of Ecuador, we conducted a cross-sectional study of the oral
health and nutrition status of 1,407 children from birth through age 6 in the “Alli Kiru” program
(2011-2013). We used multivariate regression analysis to examine relationships between severe
caries, parent-reported mouth pain measures, and nutritional status. The prevalence of dental caries
was 65.4%, with 44.7% of children having deep or severe caries, and 33.8% reporting mouth pain.
The number of decayed, missing and filled teeth dmft) increased dramatically with age.
Malnutrition was prevalent, with 35.9% of children stunted, 1.1% wasted, 7.4% underweight, and
6.8% overweight. As mouth pain increased in frequency, odds for severe caries increased. For each
unit increase in mouth pain frequency interfering with sleeping, children had increased odds for
underweight (AOR: 1.27; 95% CI: 1.02 — 1.54) and decreased odds for overweight (AOR: 0.76;
95% CI: 0.58 — 0.97). This relationship was most pronounced among 3-6 year-olds. Early
childhood caries, mouth pain and malnutrition were prevalent in this sample of young children.
Parent-reported mouth pain was associated with severe caries, and mouth pain interfering with
sleeping was predictive of poor nutritional status. We demonstrate the utility of a parsimonious
parent-reported measure of mouth pain to predict young children’s risk for severe early childhood
caries and malnutrition, which has implications for community health interventions.
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Introduction

The global “nutrition transition” from traditional diets to low-quality, processed, high-
sugar, high-fat, and carbohydrate-dense food and beverages poor in micronutrients [1] has led to
dramatic increases in child undernutrition and chronic disease, overweight, and obesity,
particularly in low- and middle-income countries [1-3] . Child malnutrition is the most common
contributor to disability and death among children under age five in low-income countries, and
an impediment to national economic growth [4-6]. While undernutrition rates have declined
globally, progress has been inconsistent across countries, and millions of children continue to
suffer from the adverse physical and cognitive consequences [2,7].

In addition to these commonly-cited diet-related disorders, a pandemic of childhood
dental caries has emerged [8,9]. Caries is the most common chronic disease of childhood,
affecting 60-90% of young children worldwide. Untreated caries can lead to chronic oral
infection, mouth pain, malnutrition, and reduced educational potential persisting into adulthood
[8,10,11]. In fact, the 2010 Global Burden of Disease Study found that untreated caries in
permanent teeth was the most prevalent out of 291 conditions evaluated, accounting for a
substantial worldwide health burden [10]. The relationship between poor nutrition and childhood
caries is complex, and epidemiologic research strongly suggests it involves bi-directional
causation and comorbidity [12—14]. The evidence also indicates that preventing and treating
early childhood caries could lead to improvements in oral health, nutrition and overall health that
could benefit children in the short- and long-term [2,13,15,16].

Ecuador, like other Latin American countries, has experienced the nutrition transition and
a high prevalence of childhood caries [6,17,18]. While 29% of children under age 5 have
stunting malnutrition according to most recent World Bank estimates [17], indigenous and rural

populations have higher rates of stunting, nearly double the national average and quadruple the
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rate in Latin America [19]. Furthermore, 5% of children are overweight, and the prevalence of
overweight has continuously increased in recent years — aligning with the progressively common
phenomena of co-existent undernutrition and obesity worldwide [3,20]. These data echo research
observing significant disparities across a range of health outcomes for indigenous compared to
non-indigenous communities in this region [21].

To address malnutrition and childhood caries, the [INSTITUTION REDACTED GIVEN
AUTHOR AFFILIATION] — in partnership with the Ecuadorian Ministries of Health and
Education, Rotary International, and the community of Pueblo Kichwa de Rukullakta — piloted a
community-based nutrition and oral health promotion program, Alli Kiru (“Beautiful Teeth” in
the Kichwa language)® — in a network of rural indigenous communities in the Ecuadorian
Amazon. Ongoing studies of the program are testing the acceptability and efficacy of low-cost
oral health and nutrition interventions conducted by trained Kichwa health volunteers and
preschool teachers in collaboration with Ministry of Health dentists, and have to-date observed
significant reductions in caries prevalence and caries-related malnutrition among participants
[22].

Despite burgeoning evidence positing childhood caries as a contributor to poor nutritional
outcomes [13,22,23], few studies have empirically examined the relationship between the two in
young children. Considering these diseases as intrinsically entwined might benefit community-
based prevention and health promotion efforts, which often face resource limitations [24]. Thus,
for the present study, our objective was to examine the relationships between early childhood
caries, parent-reported mouth pain, and nutritional status among participating children in the

Kichwa community.

* More information on Alli Kiru can be found at: http://www.allikiru.org/index.html
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Materials and Methods

Study Population and Data Collection

The study population, recruitment, and data collection procedures are described in detail
elsewhere [22], and briefly reported in the present study. Alli Kiru invited all children 6 months
to 6 years of age and their families, across 23 Kichwa communities, to participate in community-
based mobile dental camps three times per year. Our study sample consisted of 1,407 children
and their parent/caregiver on their first visit to Alli Kiru from 2011-2013. Parent interviews were
administered by a trained health volunteer in Spanish or Kichwa. Questions included
demographic characteristics, nutrition and oral health practices, presence and frequency of
mouth/dental pain, and access to medical/dental care. Children’s weight and height measurement
were conducted barefoot and in light clothes and, using a digital scale and stadiometer (Seca,
Chino, CA). Child dental exams were performed by a licensed dentist; Decayed, Missing and
Filled Teeth (dmft) index scores [25] were recorded by visual and clinical examination.

Measures

To assess child mouth pain, parents were asked three questions regarding the frequency
of mouth pain, specifically (1) mouth pain at any time, (2) mouth pain interfering with eating,
and (3) mouth pain interfering with sleeping. Parents responded on a four-point Likert scale
(Never, Occasionally, Frequently, Almost Always). These were subsequently dichotomized into
no mouth pain (those who responded Never) vs. has mouth pain (combining Occasionally,
Frequently, and Almost Always) for this analysis.

Severe early childhood caries has been defined as the number of decayed, missing, or

filled teeth exceeding a specific threshold for given child’s age [26]. In recognition of calls for
simplified caries indices [27,28] and our interest in measuring depth of caries and related pain,

we categorized caries severity using a cutoff based on the depth of the caries, hereinafter defined
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as “severe caries” (SC): children who had any cavitated carious lesion depth at either the dentin
or pulpal level (D2 or D3).

Child nutrition status was recorded based on recent World Health Organization (WHO)
growth reference standards for infants and young children according to sex [29]. This included
Height-for-Age, Weight-for-Height, and Weight-for-Age, normally transformed into z-scores
using WHO AnthroPlus software version 3.2.2 for children under 5, and WHO AnthroPlus
version 1.0.4 for children age 5-6 (Geneva, Switzerland). We recorded the prevalence of child
under-nutrition and over-weight in this sample, including stunting/shortness (5th percentile of
height-for-age; <-2 z-score), underweight (5th percentile of weight-for-age; <-2 z-score),
wasting/thinness (5th percentile of weight-for-height; <-2 z-score), and overweight (95th
percentile of weight-for-height; >+2 z-score) [29].

Data Analysis

We computed bivariate statistics and then used bivariate and multivariate ordered logistic
regression procedures to calculate maximum likelihood estimates of odds ratios (ORs) and 95%
confidence intervals for (1) the association of parent-reported child mouth pain and severe caries,
and (2) the association of parent-reported child mouth pain and malnutrition (i.e., undernutrition
and overweight). Since the natural history of dental caries is to increase in incidence and severity
with age from 6 months to 6 years of age, we generated age category-stratified simple and
multivariable models for severe caries (SC) among children age 6 months-2 years, and children
age 3-6 years.

Covariates for multivariate models were based on theoretical potential to modify the
association between exposure and outcome of interest based on the literature [11,30,31], and
exploratory stepwise analyses comparing unadjusted to adjusted ORs after inclusion of potential

covariates. X? and Wald F-statistics were inspected to test for unadjusted associations and overall
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model fit, respectively. Missing data was handled using listwise deletion. All analyses were
performed using STATA software version 14 (College Station, TX).
Results

Demographics

Of the 1,407 children examined, participants seen for their first visit in each year had
similar demographic characteristics (Table 1). Mothers had a mean age of approximately 30
years, 8.2 years of education, and an average of four children. The majority (82.9%) of the
children were 3-6 years old. Households had a mean of 6.7 individuals, and approximately 13%
cooked with wood as their main source of fuel (a common indicator of very low socioeconomic
status in global health research).

Oral health and nutrition measures

In all, 65.4% of children had dental caries (dmft > 1) and 44.7% had severe decay (D2 or
D3). The mean number of decayed, missing and filled teeth increased steadily with age, with an
average dmft of 0.06 among children less than one year, and 11.81 among children six years of
age (i.e., over 2 of their baby teeth) (Figure 1). Mouth pain was present in 33.8% of children,
with mouth pain interfering with eating and interfering with sleeping in 26.8% and 21.5% of
children, respectively. Nearly a third of children in the sample were eating junk food (i.e., soda,
sweets/candy, chips, or sweet ice pops) at least once a day. Malnutrition was prevalent in our
sample, with 35.9% of children stunted, 1.1% wasted, 7.4% underweight, and 6.8% overweight.

Child mouth pain and severe caries

Univariate and multivariate analyses both demonstrated positive associations between
measures of parent-reported mouth pain and severe caries (SC). Compared to children with no
mouth pain and after adjusting for relevant covariates, as mouth pain increased in frequency, the

odds for SC increased nearly three-times for each unit increase (Adjusted Odds Ratio [AOR] =

do0i:10.20944/preprints201704.0146.v1
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2.98; 95% Confidence Interval [CI]: 2.36 — 3.75; p=0.000); children whose mouth pain interfered
with eating were more than twice as likely to have SC for each unit increase (AOR=2.22; 95%
CI:1.79 — 2.76; p=0.000) as were those whose mouth pain interfered with sleeping (AOR=1.92;
95% CI:1.53 — 2.41; p=0.000). When stratified by age, all measures of parent-reported mouth
pain were associated with SC among 3-6 year olds; no measures of mouth pain were associated
with SC among 0-2 year olds.

Child mouth pain and malnutrition

We did not observe significant associations for stunting, wasting, underweight, or
overweight with unit increases in frequency of any mouth pain nor mouth pain interfering with
eating. However, compared to children with no mouth pain, for each unit increase in frequency
of mouth pain interfering with sleeping, children had increased odds for underweight (AOR =
1.27;95% CI: 1.02 — 1.54; p=0.004) and reduced odds for overweight (AOR = 0.76; 95% CI:
0.58 = 0.97; p=0.032) (Table 3).

Upon stratifying by age category, we found no significant risk for malnutrition associated
with frequency of mouth pain among 0-2 year olds. However, among 3-6 year olds, compared to
children with no mouth pain, as mouth pain interfering with sleeping increased in frequency,
children had greater odds for underweight (AOR =1.45; 95% CI: 1.24 — 1.66; p=0.004) and
reduced odds for overweight (AOR = 0.78; 95% CI: 0.67 — 0.94; p=0.009). Significant risk for

other malnutrition outcomes were not observed for mouth pain increase among 3-6 year olds.

Discussion
Prevalence of Caries and Mouth Pain

We observed a higher childhood caries prevalence and severity than some reports from
Latin America writ large, Ecuador nationwide, and community studies of similar indigenous

populations in Ecuador’s Amazon basin [18,32,33]. However, limited research exists on the

do0i:10.20944/preprints201704.0146.v1
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prevalence and severity of caries among children under age 6, a critical period for the
development of eating and oral hygiene habits. The high prevalence of mouth pain in our sample
is of great concern, with clear associations established between poor oral health status, mouth
pain and poor quality of life in childhood [15,34]. In children age birth to 2 years, the lack of
association between parent-reported mouth pain and caries may be due to the challenge of
distinguishing infant-toddler mouth pain from other discomfort and fussy behavior; and the
predominance of brief, developmentally-appropriate episodes of mouth pain associated with
tooth eruption and teething rather than chronic caries [35].

Prevalence of Malnutrition

The prevalence of malnutrition in our sample was high, and slightly different from that
found in the most recent publications with national-level data we could find. Compared to
national data on children less than 5 years, our sample had higher rates of stunting (35.9% vs.
23.0%) and underweight (7.4% vs. 6.2%) and lower rates of wasting (1.1% vs. 2.9%) and
overweight (6.8% vs. 7.5%) [36]. However, when compared to indigenous children in Ecuador,
our sample had a lower rate of stunting (35.9% vs. 47.0%), wasting (1.1% vs. 2.8%) and
underweight (7.4% vs. 15.3%), and a higher rate of overweight (6.8% vs. 3.4%) [17]. However,
comparisons to the national average and indigenous children should be interpreted cautiously, as
these data come from nearly one decade prior. Houck and colleagues documented a similar
nutritional profile for young Kichwa children in this region, with a particularly concerning
prevalence of stunting and low mean weight-for-age [37]. Additionally, they observed that the
Kichwa ethnic group presented with the most significant child nutrition challenges compared to
other indigenous groups across several communities, corroborating the urgency of action for this

population.
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Child Mouth Pain and Malnutrition

Mouth pain interfering with sleeping was the only exposure that remained significantly
associated with child malnutrition after multivariable analysis. Without psychometric tests or
mediation analysis, it is difficult to ascertain whether this is an artifact of the question (i.e.,
assessing child sleep disruption is the most reliable and internally-consistent way of asking about
mouth pain), the role of sleep in influencing the relationship between tooth decay and
malnutrition, or purely an indicator of severe tooth decay. Several studies have identified
relationships between poor sleep quality with both underweight and obesity in children. Plausible
mechanisms include reduced sleep increasing energy expenditure; activating hormonal responses
(i.e., leptin and ghrelin) affecting appetite and food consumption and activating inflammatory
processes that can contribute to chronic disease [38,39].

For 0-2 year olds, we did not find any measure of mouth pain associated with elevated
odds for malnutrition, which is consistent with the lack of associations observed between
perceived mouth pain and caries in this age group. However, among 3-6-year-olds, mouth pain
interfering with sleeping was a significant predictor of increased risk for underweight and
decreased risk for overweight. Vania et al. found similar results in 3-6-year-old Italian children,
and proposed that severe caries likely forced a modification of child diet due to the pain of
chewing [16]. Our study suggests that severe tooth decay in early childhood may be a substantial
risk factor for malnutrition. Moreover, given how critical sleep is for healthful child development
this represents an important area for future research.

Implications for Addressing Oral Health and Malnutrition in Indigenous Communities

The high prevalence and severity of early childhood caries in our sample may reflect a
shift in indigenous diets from native foods to non-traditional and cariogenic foods [6,11]. Over

the past twenty years, malnutrition in Ecuador and across the Americas has decreased [7,18].
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Tooth decay in 12-year-old children is reportedly lower, resulting from nutrition and agricultural
education and food supplementation provided by multilateral global health agencies,
improvements in oral health education, and caries prevention programs using fluoride [40].
However, these interventions have not diffused into the rural regions largely populated by
indigenous communities, which may drive persistent disparities. Moreover, oral health
interventions have not been adequately extended to the early childhood age group for which they
would be most efficacious, leaving them at-risk for the most severe caries [21,41].

While dental healthcare providers are well-positioned to educate their patients and
communities about the importance of healthful eating behaviors as essential for oral health [12],
limitations in the extant health professions infrastructure in Ecuador - and Latin American more
broadly - necessitates innovative solutions. The few randomized controlled trials that have
examined the effect of treating caries for children’s anthropometric outcomes did not find
significant improvements as a result of caries treatment [39,42], pointing to the need for a more
comprehensive model of intervention that recognizes determinants at multiple ecological levels
[3,14] and risk factors that are shared across malnutrition and dental caries [13,15,24]. We note
that indigenous populations’ disproportionate malnutrition experience emerge not due to
genetics, but to broader structural drivers of inequality including geographic location, healthcare
access, parental education, and health behaviors [17].

Community-based health promotion and disease prevention approaches, such as the
promotora model, hold potential to address this need, with a growing body of literature
documenting promising efficacy for promoting child nutrition and preventing common childhood
illnesses, inclusive of dental caries [24,43,44]. In their role as both health promoter and
community member, they possess unique contextual and cultural knowledge that can prove

invaluable for ensuring prevention efforts penetrate into medically-underserved regions,
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particularly in the context of obesogenic and cariogenic environments (e.g., rapid access to stores
selling junk food). Since caregivers are so integral in shaping risk and protection for caries and
malnutrition, they must be engaged in any community intervention and lay health workers are
well-positioned to deliver these messages [17].

The parent-reported questions used in this study demonstrate the potential for routine
demographic health surveys or rapid assessments by promotoras to identify children at risk for
poor oral health and malnutrition, using parsimonious measures. This adds to a body of literature
suggestive that caregiver perceptions of their child’s quality of life are a fairly reliable indicator
of clinically-significant physical and oral health outcomes [31,34]. In collecting this data, tooth
decay and malnutrition can be more readily detected and referred to care in settings where
surveillance does not systematically occur. Among 3-6 year olds, all mouth pain measures
reliably predicted increased risk for severe caries, and mouth pain interfering with sleeping
reliably predicted risk for underweight. Acknowledging commonly-reported concerns with the
consistent measurement of these conditions in children [28,45], we underscore the importance of
additional research into easy-to-use, validated instruments with an eye towards building local
capacity to prevent and mitigate community health issues.

Strengths and Limitations

Findings from this study should be considered in light of its limitations and strengths.
Our study drew from a convenience sample of indigenous Kichwa communities, and may not be
representative of other populations. In addition, the nature of the intervention limited our
approach to cross-sectional analysis, given the heterogeneity of participants year-to-year and the
intervention operating at both individual/family (e.g., individual dental screenings, family oral
health education) and community levels (e.g., training of community health workers). This is

unfortunately a widespread design flaw given the nascent body of research on this topic [39,42],


http://dx.doi.org/10.20944/preprints201704.0146.v1
http://dx.doi.org/10.3390/ijerph14050550

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 April 2017

and future investigations employing longitudinal and experimental are needed to better
understand the cause-and-effect relationship.

Further, we used an un-validated survey, administered in-person in conjunction with
mobile dental screenings. Coupling of data collection with the intervention itself may have
contributed to unmeasured social desirability bias thereby resulting in underreporting of
undesirable characteristics (e.g., child mouth pain); however, this is likely minimal given that we
only included first-time visits in our analysis. Finally, our specific choice of index used to define
caries makes it difficult to compare with other studies — a common challenge for the field [23].
We used dmft as our primary outcome measure; although it has historically been used for WHO
caries diagnostic criteria, the International Caries Detection and Assessment System (ICDAS)
may have been more appropriate to use. [CDAS was introduced to enable visual evaluation of
patients’ tooth and restoration conditions with increased validity and reliability, and has since
become commonplace in global oral epidemiologic surveys [28].

Nonetheless, our findings shed light on the high burden of dental decay and malnutrition
in a population that is neglected in research — an indigenous community comprised of children
under age 6. Our findings illuminate areas for future research — the psychometric testing of
parent-reported measures for child mouth pain, as well as the mechanisms underlying disrupted
sleep and undernutrition in children. Mediation analysis may be useful to confirm the degree to
which the relationship between caries and malnutrition may be explained by mouth pain, and
identify other possible mediators. In light of emergent, yet promising, evidence regarding the
feasibility and efficacy of community-wide programs addressing both oral health and
malnutrition [13,22,39], this study reinforces the need for intervention developers to consider

these conditions as deeply intertwined.
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Conclusions

In a population with a high prevalence of severe dental caries and malnutrition, parent-
reported mouth pain can reliably predict the presence of severe caries in young children, and
parent-reported mouth pain interfering with sleeping can reliably predict poor nutritional status
in children. This relationship seems to be most salient for children aged 3-6 years. To our
knowledge, no previous study has demonstrated how a self-reported measure of mouth pain
correlates with international standards of child malnutrition. Further research is needed to
examine the comorbidity of dental caries and malnutrition, and the relationship between caries-
related mouth pain and malnutrition across diverse populations. Dental caries and malnutrition
are both multifactorial diseases with their own unique risk factors and with shared risk factors.
Both can adversely affect children in their current stage of life and have poor outcomes for their
future health, education and economic potential. There are some simple and effective steps that
can be taken by maternal-child health professionals, promotoras and preschool teachers to
identify young children at risk for severe caries and malnutrition, and intervene with nutrition
and oral health education, toothbrushing with fluoride toothpaste, fluoride applications, and

treatment as needed to prevent the adverse consequences.
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Figures and Tables

Table 1. Demographic, child oral health, and child nutritional characteristics of first-visit
children and their families participating in Alli Kiru, 2011-2013 (N=1,407).
Characteristic 2011 2012 2013

(N=T31) (N=373) (N=305) Total
Demographics
Maternal Age, Mean Years (SD) 30.0 (10.3) 30.3 (8.8) 30.0 (8.6) 30.1
Maternal Education, Mean Years Completed (SD) 6.9 (4.93) 8.4(3.9) 9.3(3.7) 8.2
# of People per Household, Mean (SD) 7.0 (2.96) 6.7 (2.8) 6.5(2.9) 6.7
Families Cooking with Wood Only ?, % 13.4 12.3 12.2 12.6
# of Children per Mother, Mean (SD) 3.6 (2.6) 3.7(2.4) 3.6(2.3) 3.7
Child Age, %
0-2 Years 15.5 17.6 18.3 17.1
3-6 Years 84.6 82.4 81.7 82.9
Child Sex, %
Male 50.5 48.3 50.1 49.6
Female 49.5 51.7 49.9 50.4
Child Oral Health
Caries Prevalence by dmft Score ®, %
D>1 73.9 63.0 59.3 65.4
D2 or D3 47.5 413 45.2 447
D3 39.9 32.6 30.5 343
Parent-Reported Mouth Pain by Type, %
No Mouth Pain 57.1 63.4 66.3 62.3
Any Mouth Pain 42.9 36.6 33.7 37.7
Mouth Pain Interfering with Eating 332 26.6 23.6 27.8
Mouth Pain Interfering with Sleeping 27.5 24.6 16.1 22.8
# of decayed, missing and filled teeth (dmft), Mean
(SD)
0-1 years 0.0 (0.3) 0.1 (0.3) 0.1(0.3) 0.1
1-2 years 1.7 (2.8) 1.7 (2.8) 2.0(2.8) 1.8
2-3 years 4.5(4.3) 4.7 (4.3) 4.6 (4.3) 4.6
3-4 years 7.2 (4.7) 7.3 (4.7) 7.3 (4.7) 7.3
4-5 years 8.9 4.7 8.8 (4.7) 9.0 (4.7) 8.9
5-6 years 9.5(4.3) 9.0(4.3) 10.6 (4.3) 9.7
6 years 11.2(5.2) 12.0 (5.1) 12.2(5.2) 11.8
Child Nutrition
Prevalence of Malnutrition by Type ¢, %
Shortness/Stunting (HAZ < -2 SD) 35.8 34.1 37.8 35.9
Wasting/Thinness (WHZ < -2 SD) 1.5 1.1 0.7 1.1
Underweight (WAZ < -2 SD) 8.2 6.8 7.4 7.4
Overweight (WHZ > +2 SD) 5.6 11.7 3.1 6.8

Junk Food Consumption Frequency ¢, % 32.8 50.0 48.7 43.8
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Every 2-4 Weeks 58.9 55.0 43.6 52.5
At Least Once a Week 36.2 23.5 22.5 27.4
At Least Once a Day

Notes. dmft: Decayed, Missing, or Filled Teeth Score; HAZ: Height-for-Age Z-Score; WHZ: Weight-for-
Height Z-Score; WAZ: Weight-for-Age Z-Score.

2 Cooking with wood as the primary source of fuel has been well-established as a valid consumption-based
indicator of socioeconomic status in developing country settings and serves as a proxy for more traditional
measures such as income in this study (see (46)).

b Caries prevalence reported using dmft, an internationally-recognized system to determine the prevalence of
dental caries. Components include decayed teeth, missing teeth due to caries, and filled teeth due to caries. (25)
¢ Child growth indicators based on World Health Organization definitions from an international reference
median value. (29)

4 Frequency of junk food consumption was assessed by asking parents, “How often does your child consume the
following item?” for soda, sweets/candy, chips, and sweet ice pops. Respondents’ children were coded as
having consumed junk food if any of those items were consumed in the given time period.
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Table 2. Adjusted odds ratios (AOR) and 95% confidence interval (95% CI) for severe caries
(SC) according to parent-reported mouth pain.

Any Mouth Pain (N=476) Mouth Pain Interfering with Mouth Pain Interfering with
Eating (N=378) Sleeping (N=303)
N (%) AOR (95% CI) N (%) AOR (95% CI) N (%) AOR (95% CI)
Severe Caries
All 329 2.59** (2.04 -3.27) 206 2.23** (1.86 — 2.65) 162 1.92** (1.53 —2.29)
0-2 year-olds 74 2.52 (1.68—-3.31) 46 1.40 (1.02-1.94) 36 1.58 (1.16 — 1.84)
3-6 year-olds 255 2.77 *¥* (2.30-3.18) 160 2.08 * (1.67 -2.59) 126 2.07 ** (1.74 - 2.42)

AORs adjusted for child age, child vaccination status, child breastfeeding history, child frequency of junk food consumption,
and whether or not child had been to a dentist. *P<0.05 **P<0.01
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Table 3. Adjusted odds ratios (AOR) and 95% confidence interval (95% CI) for malnutrition
according to parent-reported mouth pain.

Measure of SC  Any Mouth Pain (N=476) Mouth Pain Interfering with Mouth Pain Interfering with
Eating (N=378) Sleeping (N=303)
N (%) AOR N (%) AOR N (%) AOR
(95% CI) (95% CI) (95% CI)
Stunting/
Shortness
Heightfor-Age 23 0.97 (0.67 - 1.24) 207 0.94 (0.65 — 1.23) 165  0.88(0.62 —1.12)
z<-2
0-2 year-olds 42 1.15 (0.87 - 1.32) 34 1.09 (0.87 — 1.30) 28 1.12 (0.86 — 1.36)
3-6year-olds 515 096(0.73-1.12) 183 0.93(0.72—1.14) 137 0.85(0.61—1.05)
Wasting/Thinn
ess
Weight for- 27 0.86 (0.59 — 1.05) 28 0.63 (0.43 — 0.82) 21 1.13 (0.84 - 1.32)
Height z<-2
0-2 year-olds 6 0.93 (0.68 — 1.22) 6 0.82 (0.52 — 1.02) 4 1.47 (1.06 — 1.72)
3-6year-olds 0.66 (0.43 —0.81) 22 N/A 17 N/A
Under-weight
Weight-for-Age 106 1.08 (0.94 — 1.20) 87 0.96 (0.72 — 1.15) 73 1.27%% (1.02 — 1.54)
z<-2
0-2 year-olds 22 1.54 (1.21 - 1.79) 20 1.02 (0.84 — 1.13) 19 1.10 (0.91 — 1.32)
3-6year-olds g, 0.95 (0.77 — 1.11) 67 0.77 (0.53 — 0.95) 54 1.45%* (1.24 — 1.66)
Over-weight
Weight-for- 87 1.06 (0.87 — 1.32) 56 1.10 (0.84 — 1.32) 44 0.76* (0.58 — 0.97)
Height z>2
0-2 year-olds 23 1.19 (0.87 - 1.32) 11 1.12 (0.82 - 1.32) 8 1.03 (0.67 — 1.37)
3-6yearolds ¢, 1.06 (0.72 — 1.38) 45 1.18 (0.86 — 1.34) 36 0.78%% (0.67 — 0.94)

AORs adjusted for child age, child vaccination status, child breastfeeding history, child BMI, and parental
perception of child general and oral health. ¥P<0.05, **P<0.01
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Figure 1. Mean Number of Decayed, Missing, or Filled Teeth (dmft) by Age among first-visit
children participating in Alli Kiru, 2011-2013.

14

11.81
12

9.69
8.9
7.27
6
4.6
4
1.79
2
[

0 R

0-1 years 1-2 years 2-3 years 3-4 years 4-5 years 5-6 years 6 years

—_
o

e o]

dmft (Mean)



http://dx.doi.org/10.20944/preprints201704.0146.v1
http://dx.doi.org/10.3390/ijerph14050550

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 April 2017 d0i:10.20944/preprints201704.0146.v1

References
1. Popkin BM. The Nutrition Transition in Low-Income Countries: An Emerging Crisis. Nutr Rev.
1994;52(9).

2. Petersen PE, Bourgeois D, Ogawa H E-DS and NC. The Global burden of oral disease and risks to
oral health. Bull World Heal Organ. 2005;022806(05):661-9.

3. Malik VS, Willett WC, Hu FB. Global obesity: trends, risk factors and policy implications. Nat
Rev Endocrinol Publ online 20 Novemb 2012; | doi101038/nrendo2012199 [Internet]. 2012 [cited
2017 Apr 20];9(1):13. Available from:
http://www.nature.com/nrendo/journal/v9/n1/abs/nrendo.2012.199.html

4. Children: reducing mortality. Fact Sheet 178 [Internet]. Geneva, Switzerland; 2016 [cited 2016
Sep 25]. Available from: http://www.who.int/mediacentre/factsheets/fs178/en/

5. Black RE, Allen LH, Bhutta ZA, Caulfield LE, de Onis M, Ezzati M, et al. Maternal and child
undernutrition: global and regional exposures and health consequences. Lancet.
2008;371(9608):243-60.

6. Penafiel D, Termote C, Lachat C, Espinel R, Kolsteren P, Van Damme P. Barriers to Eating
Traditional Foods Vary by Age Group in Ecuador With Biodiversity Loss as a Key Issue. J Nutr
Educ Behav. 2016;48(4):258-68.¢1.

7. Black RE, Victora CG, Walker SP, Bhutta ZA, Christian P, de Onis M, et al. Maternal and child
undernutrition and overweight in low-income and middle-income countries. Lancet.
2013;382(9890):427-51.

8. Daar AS, Singer PA, Leah Persad D, Pramming SK, Matthews DR, Beaglehole R, et al. Grand
challenges in chronic non-communicable diseases. Nature [Internet]. 2007 Nov 22 [cited 2016 Sep
251;450(7169):494—6. Available from: http://www.nature.com/doifinder/10.1038/450494a

9. Blinkhorn AS, Davies RM. Caries prevention. A continued need worldwide. Int Dent J. 1996
Jun;46(3):119-25.

10. Marcenes W, Kassebaum NJ, Bernabé E, Flaxman A, Naghavi M, Lopez A, et al. Global burden
of oral conditions in 1990-2010: a systematic analysis. J Dent Res [Internet]. 2013 Jul [cited 2016
Sep 25];92(7):592—7. Available from: http://www.ncbi.nlm.nih.gov/pubmed/23720570

11. Alm A, Wendt LK, Koch G, Birkhed D, Nilsson M. Caries in adolescence - Influence from early
childhood [Internet]. Vol. 40, Community Dentistry and Oral Epidemiology. Blackwell Publishing
Ltd; 2012 [cited 2016 Sep 25]. p. 125-33. Available from: http://doi.wiley.com/10.1111/.1600-
0528.2011.00647.x

12. Mobley CC, Konig K., Miller W., Kleinberg T., Alvarez J., Nunn J, et al. Nutrition and dental
caries. Dent Clin North Am [Internet]. 2003 Apr [cited 2016 Sep 25];47(2):319-36. Available
from: http://www.ncbi.nlm.nih.gov/pubmed/12699234

13.  Khanh LN, Ivey SL, Sokal-Gutierrez K, Barkan H, Ngo KM, Hoang HT, et al. Early Childhood
Caries, Mouth Pain, and Nutritional Threats in Vietnam. Am J Public Health [Internet]. 2015 Dec


http://dx.doi.org/10.20944/preprints201704.0146.v1
http://dx.doi.org/10.3390/ijerph14050550

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 April 2017 d0i:10.20944/preprints201704.0146.v1

[cited 2016 Sep 25];105(12):2510-7. Available from:
http://ajph.aphapublications.org/doi/10.2105/AJPH.2015.302798

14. Fisher-Owens SA, Gansky SA, Platt LJ, Weintraub JA, Soobader MJ, Bramlett, M. D. Newacheck
PW. Influences on children’s oral health: a conceptual model. Pediatrics. 2007;120(3):e510-20.

15.  Sheiham A. Oral health, general health and quality of life. Bull World Health Organ.
2005;83(9):644-644.

16. Vania A, Parisella V, Capasso F, Di Tanna GL, Vestri A, Ferrari M, et al. Early childhood caries
underweight or overweight, that is the question. Eur J Paediatr Dent [Internet]. 2011 Dec [cited
2016 Sep 25];12(4):231-5. Available from: http://www.ncbi.nlm.nih.gov/pubmed/22185246

17. Walker I, Marini A, Lucchetti L, Waters W, Lapstra A. Nutritional failure in Ecuador: causes
consequences and solutions. [Internet]. Washington, D.C.: The World Bank; 2007 [cited 2016 Sep
25]. Available from: http://www.popline.org/node/191935

18. Bonecker M, Cleaton-Jones P. Trends in dental caries in Latin American and Caribbean 5-6- and
11-13-year-old children: a systematic review. Community Dent Oral Epidemiol [Internet]. 2003
Apr [cited 2016 Sep 25];31(2):152-7. Available from: http://doi.wiley.com/10.1034/j.1600-
0528.2003.00009.x

19. De Onis M, Blossner M, Borghi E, Victora CG, Adair L, Fall C, et al. Prevalence and trends of
stunting among pre-school children, 1990-2020. Public Health Nutr [Internet]. 2012 Jan 14 [cited
2016 Sep 25];15(01):142—-8. Available from:
http://www .journals.cambridge.org/abstract S1368980011001315

20.  Lutter C, Chaparro C. Malnutrition in infants and young children in Latin America and the
Caribbean : Achieving the and Millennium Development Goals [Internet]. Washington, D.C.; 2008
[cited 2016 Sep 25]. Available from:
http://iris.paho.org/xmlui/bitstream/handle/123456789/18641/9789275129289 eng.pdf?sequence=
1&isAllowed=y

21.  Pan WKY, Erlien C, Bilsborrow RE. Morbidity and mortality disparities among colonist and
indigenous populations in the Ecuadorian Amazon. Soc Sci Med. 2010;70(3):401-11.

22. Sokal-Gutierrez K, Turton B, Husby H, Paz CL. Early childhood caries and malnutrition: baseline
and two-year follow-up results of a community-based prevention intervention in Rural Ecuador.
BMC Nutr [Internet]. 2016 [cited 2017 Mar 6];2(73). Available from:
http://ajph.aphapublications.org/doi/10.2105/AJPH.2015.302798

23. Alkarimi HA, Watt RG, Pikhart H, Sheiham A, Tsakos G. Dental Caries and Growth in School-
Age Children. Pediatrics [Internet]. 2014 [cited 2017 Apr 20];133(3). Available from:
http://pediatrics.aappublications.org/content/133/3/e616.short

24.  Sheiham A, Watt RG. The Common Risk Factor Approach: a rational basis for promoting oral
health. Community Dent Oral Epidemiol [Internet]. 2000 [cited 2017 Apr 20];28(6):399—406.
Available from: http://onlinelibrary.wiley.com/doi/10.1034/j.1600-0528.2000.028006399.x/full


http://dx.doi.org/10.20944/preprints201704.0146.v1
http://dx.doi.org/10.3390/ijerph14050550

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 April 2017 d0i:10.20944/preprints201704.0146.v1

25.  WHO. Oral health surverys: basic methods [Internet]. 5th ed. Geneva, Switzerland: World Health
Organization; 1997 [cited 2016 Sep 25]. Available from:
http://www.who.int/oral health/publications/9789241548649/en/

26. Drury TF, Horowitz AM, Ismail Al, Maertens MP, Rozier RG, Selwitz RH. Diagnosing and
Reporting Early Childhood Caries for Research Purposes. J Public Health Dent [Internet]. 1999
Sep [cited 2016 Sep 25];59(3):192-7. Available from: http://doi.wiley.com/10.1111/j.1752-
7325.1999.tb03268.x

27.  Cypriano S, Sousa M da LR de, Wada RS. Avaliacdo de indices CPOD simplificados em
levantamentos epidemioldgicos de carie dentaria. Rev Saude Publica [Internet]. 2005 Apr [cited
2016 Sep 25];39(2):285-92. Available from:
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0034-
8910200500020002 1 &Ing=pt&nrm=iso&tlng=pt

28. Ismail AI, Sohn W, Tellez M, Amaya A, Sen A, Hasson H, et al. The International Caries
Detection and Assessment System (ICDAS): An integrated system for measuring dental caries:
Methods. Community Dent Oral Epidemiol [Internet]. 2007 Jun [cited 2016 Sep 25];35(3):170-8.
Available from: http://doi.wiley.com/10.1111/j.1600-0528.2007.00347 .x

29.  World Health Organization, United Nations Children’s SFund. WHO child growth standards and
the identification of severe acute malnutrition in infants and children : a joint statement [Internet].
2009 [cited 2017 Mar 7]. Available from:
http://www.who.int/nutrition/publications/severemalnutrition/9789241598163/en/

30. Clementino MA, Gomes MC, Pinto-Sarmento TC de A, Martins CC, Granville-Garcia AF, Paiva
SM. Perceived Impact of Dental Pain on the Quality of Life of Preschool Children and Their
Families. Glogauer M, editor. PLoS One [Internet]. 2015 Jun 19 [cited 2017 Apr
20];10(6):¢0130602. Available from: http://dx.plos.org/10.1371/journal.pone.0130602

31.  Pahel B, Rozier RG, Slade G. Parental perceptions of children’s oral health: The Early Childhood
Oral Health Impact Scale (ECOHIS). Health Qual Life Outcomes [Internet]. 2007;5(1):6.
Available from: http://www.hqlo.com/content/5/1/6

32. Medina W, Hurtig A-K, San Sebastidn M, Quizhpe E, Romero C. Dental caries in 6-12-year-old
indigenous and non-indigenous schoolchildren in the Amazon basin of Ecuador. Braz Dent J
[Internet]. 2008 [cited 2016 Sep 25];19(1):83—6. Available from:
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0103-
64402008000100015&Ing=en&nrm=iso&tlng=en

33.  Beltran-Aguilar ED, Estupifian-Day S, Baez R. Analysis of prevalence and trends of dental caries
in the Americas between the 1970s and 1990s. Int Dent J [Internet]. 1999 Dec [cited 2016 Sep
251;49(6):322-9. Available from: http://doi.wiley.com/10.1111/5.1875-595X.1999.tb00532.x

34. Abanto J, Carvalho TS, Mendes FM, Wanderley MT, Bonecker M, Raggio DP. Impact of oral
diseases and disorders on oral health-related quality of life of preschool children. Community Dent
Oral Epidemiol [Internet]. 2011 Apr [cited 2016 Sep 25];39(2):105-14. Available from:
http://doi.wiley.com/10.1111/j.1600-0528.2010.00580.x


http://dx.doi.org/10.20944/preprints201704.0146.v1
http://dx.doi.org/10.3390/ijerph14050550

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 April 2017 d0i:10.20944/preprints201704.0146.v1

35.  Chambers C, Reid C, Craig K, McGrath P, Finley G. Agreement between child and parent reports
of pain. Clin J Pain [Internet]. 1998 [cited 2016 Sep 25];14(4):336—42. Available from: <Go to
ISI>://000077524300011

36.  World Health Organization Global Database on Child Growth and Malnutrition: 2001-2005
[Internet]. Available from: http://www.who.int/nutgrowthdb/en/

37. Houck K, Sorensen M V., Lu F, Alban D, Alvarez K, Hidobro D, et al. The effects of market
integration on childhood growth and nutritional status: The dual burden of under- and over-
nutrition in the Northern Ecuadorian Amazon. Am J Hum Biol [Internet]. 2013 Jul [cited 2017
Mar 7];25(4):524-33. Available from: http://doi.wiley.com/10.1002/ajhb.22404

38.  Aldabal L, Bahammam AS. Metabolic, endocrine, and immune consequences of sleep deprivation.
Open Respir Med J [Internet]. 2011 [cited 2016 Sep 25];5:31-43. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/21754974

39. Alkarimi HA, Watt RG, Pikhart H, Jawadi AH, Sheiham A, Tsakos G. Impact of treating dental
caries on schoolchildren’s anthropometric, dental, satisfaction and appetite outcomes: a
randomized controlled trial. BMC Public Heal 2012 121 [Internet]. 2012 [cited 2017 Apr
20];3(1):4. Available from: https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-
2458-12-706

40.  Estupifian-Day S. Promoting Oral Health: The Use of Salt Fluoridation to Prevent Dental Caries.
Washington, D.C.; 2005.

41.  Gussy MG, Waters EG, Walsh O, Kilpatrick NM. Early childhood caries: Current evidence for
aetiology and prevention. J Paediatr Child Health [Internet]. 2006 [cited 2017 Apr 20];42(1-2):37-
43. Available from: http://onlinelibrary.wiley.com/doi/10.1111/j.1440-1754.2006.00777 x/full

42, Van Gemert-Schriks MCM, van Amerongen EW, Aartman IHA, Wennink JMB, ten Cate JM, de
Soet JJ. The influence of dental caries on body growth in prepubertal children. Clin Oral Investig
[Internet]. 2011 Apr 29 [cited 2017 Apr 20];15(2):141-9. Available from:
http://link.springer.com/10.1007/s00784-010-0380-3

43, Bhutta Z, Ahmed T, Black R, Cousens S, Dewey K, Giugliani E, et al. What works? Interventions
for maternal and child undernutrition and survival. Lancet. 2008;371(9610):417—40.

44, Slade GD, Bailie RS, Roberts-Thomson K, Leach AJ, Raye I, Endean C, et al. Effect of health
promotion and fluoride varnish on dental caries among Australian Aboriginal children: results
from a community-randomized controlled trial. Community Dent Oral Epidemiol [Internet]. 2011
Feb [cited 2017 Apr 21];39(1):29-43. Available from: http://doi.wiley.com/10.1111/5.1600-
0528.2010.00561.x

45.  Juniper EF, Guyatt GH, Feeny DH, Ferrie PJ, Griffith LE, Townsend M, et al. Measuring quality
of life in the parents of children with asthma. Qual Life Res [Internet]. 1996 Feb [cited 2017 Apr
211;5(1):27-34. Available from: http://link.springer.com/10.1007/BF00435966

46. Galobardes B, Shaw M, Lawlor DA, Lynch JW, Davey Smith G. Indicators of socioeconomic
position (part 1). J Epidemiol Community Health [Internet]. 2006 Jan [cited 2016 Sep 25];60(1):7—
12. Available from: http://www.ncbi.nlm.nih.gov/pubmed/16361448


http://dx.doi.org/10.20944/preprints201704.0146.v1
http://dx.doi.org/10.3390/ijerph14050550

