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Abstract

Background: The global “nutrition transition” has increased children’s consumption of sugary snacks and beverages
(junk food), compounding their risk for poor oral health and malnutrition. The purpose of this study was to examine
the relationship between early childhood caries (ECC) and malnutrition in a community context.

Methods: This is a baseline and two-year follow-up analysis of a community-based preventive oral health and
nutrition intervention for 1,575 children, from birth through age six, in an indigenous population in rural Ecuador.
Trained community volunteers, preschool teachers and dentists provided children and families with nutrition and
oral health education, toothbrushes and fluoride toothpaste, fluoride varnish, and referral for dental treatment, three
times per year. Annual data collection included mother interviews, child dental examinations and measurements of
height and weight. Descriptive and bivariate analyses were completed in SPSS.

Results: At baseline, nearly half of children consumed junk food daily. ECC began in infancy, increasing steadily
thereafter. Among one-year-olds, 53.8% had caries with a mean of 2.1 decayed teeth; and among six-year-olds, 98.6%
had caries with a mean of 10.5 decayed teeth, and half experienced mouth pain. At two-year follow-up, reported junk
food consumption was cut in half; and the prevalence and severity of caries and mouth pain were reduced. Children
who entered the intervention in their first year of life experienced the greatest dental improvements. Children who
entered in their first two years and attended the entire two-year intervention experienced a one-third reduction in
stunting malnutrition, with greatest improvement among those whose caries increment was controlled.

Conclusions: ECC and caries-related malnutrition were reduced for children who participated in this prevention-oriented
community oral health and nutrition intervention, especially those beginning in the first two years of life. Oral health and
nutrition promotion should be incorporated into all maternal-child health programs, from pregnancy and birth onward.
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Background
Child malnutrition remains one of the most prevalent
global health challenges, with adverse consequences for
children’s health and educational potential [1]. Over
recent decades, the global “nutrition transition”—a shift
from the traditional diet (breastfeeding, agricultural-
based foods, regular meals) to the modern diet (bottle-
feeding, processed sugary and non-nutritious foods/
drinks, frequent snacking)—has contributed to a “double
burden” of under-malnutrition and overweight/obesity
in low- and middle-income countries [2, 3].
Another consequence of the nutrition transition is the

global pandemic of early childhood caries (ECC), or
tooth decay, currently the most common chronic disease
of childhood, affecting 60–90% of children worldwide
[4]. While ECC is caused by a combination of an oral
bacterial biofilm, the diet, and factors relating to the host
such as tooth morphology or medical conditions [5],
dietary sugars are considered the primary drivers of the
progression of dental caries [6]. Numerous studies have
demonstrated associations between dental caries and
malnutrition—with under-nutrition in some populations,
and obesity in other populations, depending on a
complex set of socioeconomic and cultural characteris-
tics [7, 8]. Due to low political prioritization of oral
health, most children have poor access to dental care,
leaving most caries untreated, commonly leading to
bacterial invasion of the pulp and tooth-supporting
structures, chronic infection and mouth pain [9].
There are several hypothesized mechanisms by which

dental caries can undermine children’s nutrition and
growth. Loss of tooth structure, mouth pain and chronic
dental infection/inflammation can reduce children’s appe-
tite, impair chewing ability, disrupt children’s sleep, affect
glucocorticoid and growth factor regulation, and com-
promise metabolism and immunity [10–12]. Furthermore,
studies show a bi-directional relationship between caries
and malnutrition—children with malnutrition are prone
to tooth enamel defects with greater vulnerability to
caries; and children with severe caries are at increased risk
for developing malnutrition [13]. The association between
caries and obesity results from both diseases sharing com-
mon risk factors, such as frequent consumption of sugary
foods and beverages [14].
While most studies on caries and malnutrition have

been cross-sectional, some longitudinal studies providing
dental treatment for children with severe caries and
malnutrition demonstrated subsequent improvement in
children’s nutritional status [15]. However, there is a
need for interventions to “move upstream” to demon-
strate whether population-wide interventions designed
to prevent early childhood caries from birth can also
prevent caries-related malnutrition. Interventions such
as the promotion of breastfeeding and healthy eating,

tooth brushing with fluoride toothpaste, and the applica-
tion of fluoride varnish have been shown to be effective,
low cost [16], and deliverable by non-dental maternal-
child health care providers [17].
Ecuador is a middle-income country, with higher rates

of malnutrition and poorer access to health care services
in rural and indigenous populations [17]. While Ecuador
reduced the prevalence of chronic stunting malnutrition
in children under age five from 40% in 1986 to 22–29% in
studies from 2006–2013 [18–20], stunting rates of 30–
50% persist in rural and indigenous populations, and
Ecuador continues to have one of the highest malnutrition
rates in Latin America [20]. Studies have also shown that
Ecuador has among the highest rates of childhood caries
in Latin America [21]. The 2009 national oral health
survey found that 76% of children age 6-to15 had caries
[20]. A study in the Amazonian region of Ecuador found
that, among six-year-olds, 92% of indigenous children and
95% of non-indigenous children had caries, with a mean
of 6.4 and 8.4 decayed teeth respectively (i.e., approxi-
mately 1/3 of their 20 total primary teeth) [22].
To date, the major global nutrition literature has not

yet recognized ECC as a contributor to malnutrition,
nor recommended ECC prevention as a strategy to pre-
vent malnutrition [1]. The purpose of this study was to
examine the cross-sectional and longitudinal relation-
ship between ECC and malnutrition in the context of a
community-based intervention designed to prevent ECC
and malnutrition, starting from birth.

Methods
Study design
This paper reports selected quantitative results from the
baseline (2011) and 2-year follow-up (2013) of a mixed-
methods study to assess the feasibility, acceptability and
efficacy of a community-wide preventive oral health and
nutrition program for indigenous families with children
from birth through age 6 in the Amazonian region of
Ecuador. Only data from the 2011 and 2013 surveys
were selected for presentation; data from 2012 are not
presented. The program, Alli Kiru (beautiful teeth), was
developed in collaboration with the community, and is
part of a family of studies in five countries in Latin
America and Asia. The study received approval by the
Institutional Review Board at the University of California,
Berkeley (2011–04–3178); as well as the leaders of the
Pueblo Kichwa de Rukullakta community, the provincial
directors from the local preschool and infant care pro-
grams, and Ministry of Health.

Study population
The study population is a convenience sample of children
6 months through 6 years of age and their mothers/care-
givers living in Pueblo Kichwa de Rukullakta, an organized
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network of 17 rural indigenous Kichwa communities in
the Amazonian Napo Province of Ecuador. The program
aimed to include as many as possible of the estimated
1,000–1,500 preschool-aged children in the communities
that agreed to participate. Each year, new babies were born
into the study population, seven-year-olds were graduated
out of the study population, and some families were lost
to follow-up. Analysis was completed for the entire cross-
sectional sample, and for a longitudinal subsample who
attended the baseline and two annual follow-up visits
(Fig. 1). This population had some access to dental
services through local Ministry of Health dental clinics.

Participant recruitment and intervention
Kichwa community volunteers and preschool/child care
administrators invited all Kichwa families with children
under 6-years to participate in the program on desig-
nated dates and locations (usually primary schools).
Incentives for community volunteers and teachers in-
cluded toothbrushes and fluoride toothpaste for them-
selves and their family, a small stipend for the community
volunteers, and a toothbrush holder for each preschool/
child care classroom. Additional incentives for families in-
cluded enrollment in a raffle of children’s toys and clothes.

Mothers/caregivers provided written consent after receiv-
ing a consent form in Spanish and verbal explanation of
the study in Kichwa or Spanish. Children received a
simple verbal explanation of the procedures, and provided
verbal assent.
Trained Kichwa community volunteers, preschool

teachers and Ministry of Health dentists provided the
intervention to children under 6-years and their
mothers/caregivers, three times per year: (1) Nutrition
and oral health education for children and families, in
Kichwa and/or Spanish (2) Toothbrushes and fluoride
toothpaste for all family members (3) Fluoride varnish
applications to children’s teeth and (4) Child dental
screening, and onsite dental treatment or referrals for
treatment, as needed.

Data collection

1. Mother/caregiver interview
Interviews were conducted by trained Kichwa
volunteers (for monolingual Kichwa-speaking
caregivers) or fluent Spanish-speaking volunteers
(for Spanish-speaking caregivers). The child’s primary
caregiver (usually the mother) was interviewed in her
preferred language, in as private a setting as possible.
The interview was comprised of 50 questions on
family demographic characteristics, mother and
child diet, oral hygiene and dental problems, medical
and dental care utilization, and the caregiver’s
assessment of the child’s oral health and overall
health. The questions were adapted from global
oral health surveys for a low-literacy population
[23]. The frequency of the child’s complaint of
mouth pain was reported by the mother; and
children reported to have mouth pain “occasionally,”
“frequently” or “almost always” were recorded as
experiencing mouth pain, regardless of the cause.
Aside from self-reported use of fluoride toothpaste
and visits to the dentist, no data were collected on
children’s exposure to preventive measures (e.g.,
fluoridated water, fluoride rinse and gel and
dental sealants).

2. Child dental examination
Child dental examinations were conducted by
licensed Ecuadorean and US dentists or a dental
hygienist, with a trained assistant, by visual
inspection only with a light and dental mirror.
They recorded decayed, missing and filled teeth
(dmft); and depth of cavitation by inspection: into
tooth enamel only, into the dentin, and deep
cavitation close to or in the pulp. The examiners
did brief standardization of their examinations by
independently and then jointly examining 5
children, and agreeing on the findings.

Fig. 1 Numbers of Children Examined Across the Study Yearsa.

A flow chart depicting participation from baseline to follow-up.
Includes subscript text as follows: aData from individuals participating
in the longitudinal cohort were also included in the analysis of the
cross-sectional samples
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3 Anthropometric measures
Children’s height and weight were measured to
assess their nutritional status. Trained volunteers
measured and weighed children without shoes and
in lightweight clothes, using a stadiometer and
digital scale [24].

Data analysis
Data were recorded on paper forms, scanned using Remark
Office OMR software (version 6.0.4) into a Microsoft Excel
spreadsheet, and exported to IBM SPSS (version 19.0) for
analysis. After cleaning, descriptive statistics were generated
prior to undertaking bivariate analysis.
Children’s dental caries experience was analyzed by

the presence of any caries (i.e., any decayed teeth,
missing teeth due to extraction, or filled teeth), and the
extent or severity of caries as calculated by: a) The mean
number of decayed, missing or filled teeth (dmft); b)
The presence of deep cavitation; c) The “caries incre-
ment” defined as the number of new carious lesions per
year, divided into tertiles for low (0–2 dmft/year),
medium (3–5 dmft/year) and high caries increment
(≥6 dmft/year); and d) The presence of mouth pain,
as reported by the mother/caregiver.
Children’s nutritional status was determined by the

WHO 2006 growth standards (AnthroPlus software,
version 1.0.3) to calculate height-for-age Z-score (HAZ)
and weight-for-age Z-score (WAZ), with moderate/se-
vere “stunting” or chronic malnutrition defined as HAZ
< −2 Z, and moderate/severe “underweight” defined as
WAZ < −2 Z.
Differences among proportions were compared using

the chi-squared (χ2) test for unrelated samples and
McNemar’s test with Cochran’s Q-test in related sam-
ples. Differences among means were compared using the
Mann-Whitney U-test or the Kruskal-Wallis H-test (as
appropriate) in unrelated data and the Wilcoxon signed
rank test for related data.

Results
Population characteristics
A total of 1,575 children from age 6 months through
6 years participated in the population-based sample. This
included 731 examined at baseline (2011), 658 children
examined at 1-year follow-up (2012) and 698 children
examined at 2-year follow-up (2013). Of the 467 children
examined in 2011 who were age 0–4 and age-eligible for
2-year follow up (i.e., 6 years or less in 2013), 289 (61%)
were followed-up in 2012, and 161 (34% of the initial
sample) were followed-up in 2013, compromising the
longitudinal subsample (Fig. 1).
The families’ demographic characteristics were similar

at baseline and follow-up (Table 1). The families were
low-income with limited resources, including only 1 in 3

families having potable water. However, the majority of
the population had rapid access to sugary snacks and
beverages (Junk food)—approximately three out of four
families lived within a five-minute walk to a store that
sold junk food. At baseline, there were no significant dif-
ferences in demographics between the cross-sectional
sample and the longitudinal subsample; however the
longitudinal subsample had a trend toward greater caries
experience and a significantly higher prevalence of stunt-
ing malnutrition.

Nutrition and oral health practices
The population’s nutrition/oral health practices exhibited
strengths and risk factors, and most practices were similar
at baseline and follow-up (Table 1). Nearly all children
were breastfed, however approximately one-third were
also bottle fed. At baseline, nearly half of children report-
edly consumed junk food at least once a day, but by two-
year follow-up the proportion was cut in half. While
nearly all mothers received prenatal care and nearly all

Table 1 Family Demographic Characteristics and Nutrition/Oral
Health Practices

Baseline (2011) 2-year Follow-up
(2013)

Demographic
Characteristics

(N = 321 mothers,
731 children)

(N = 236 mothers,
698 children)

Child mean age, years 3.5 (SD 1.9) 3.7 (SD 1.8)

Child gender, %M, F 53.7% M, 46.3%F 49.6% M, 50.4% F

Child immunizations
up-to-date

82.9% 91.2%

Mother age, years 30.8 (SD 9.0) 30.0 (SD 8.5)

Mother years of school 7.8 (SD 4.5) 9.3 (SD 3.6)

Mother received prenatal care 81.0% 89.7%

Number of children 3.8 (SD 2.6) 3.6 (SD 2.3)

Number living in the
household

6.9 (SD 3.0) 6.5 (SD 2.8)

Potable water at home 32.2% 34.7%

Electricity in home 86.8% 89.0%

Cooks with non-wood fuel 86.1% 89.4%

Home located within a 5-min
walk to a store that sells junk food

70.6% 77.1%

Nutrition Practices

Child ever breast fed 97.6% 98.2%

Child ever bottle fed 37.9% 33.8%

Child consumes any junk food
(e.g., candy, chips, ice pop, soda)
≥ 1/day

42.4% 21.3%a

Oral Health Practices

Mother brushes child’s teeth 78.4% 78.7%

Child ever been to the dentist 66.1% 66.0%
aP = <0.001χ2 test
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children were up-to-date on their immunizations, only
two out of three children had ever been to the dentist.

Early childhood caries, mouth pain and malnutrition
The population-wide experience of dental caries by age
shows that ECC began within the first year of life (i.e.,
within 6 months of the eruption of the first teeth), in-
creased dramatically over the first two-to three-years of
life, and was a near-universal and severe disease experi-
ence by three-to six-years of age (Fig. 2). At baseline,
over half of one-year-olds had caries; and at age six, 99%
of children had caries, with a mean dmft of 10.5 (i.e., ½
of their teeth), including two in three children with deep
caries, and one-half with mouth pain.
From baseline to two-year follow-up, there were sub-

stantial reductions in population-wide caries experience
by caries prevalence, mean dmft, and prevalence of deep
decay and mouth pain. The greatest reduction in caries
experience was found for the children who entered the
intervention during infancy, and were age one-to three-
years at follow-up: one-year-olds’ caries experience was
cut by roughly one-half (caries prevalence from 53.8 to
30.3%, and dmft from 2.1 to 0.9), and two-year-olds’
caries experience was cut by roughly one-third (caries
prevalence from 82 to 60%, dmft from 5.3 to 3.0, and
deep caries from 19 to 12%).
In the baseline sample, the prevalence of mouth pain

tracked closely with the increasing prevalence and sever-
ity of caries by age. At baseline, one-half of six-year-olds
experienced mouth pain; and by two-year follow-up, the
prevalence of mouth pain in five-to six-year olds was
reduced by half.

This population of children is seen to have a high preva-
lence of caries, mouth pain and malnutrition (Table 2). At
baseline, the longitudinal subsample had a trend toward
more severe caries experience, and a significantly higher
prevalence of stunting (HAZ) malnutrition than the cross-
sectional sample (43.0% vs. 34.7%, p = 0.037). From base-
line to follow-up, the cross-sectional and longitudinal
samples showed significant reductions (P = <0.05) or
trends in reduction in caries experience and mouth pain;
and the longitudinal subsample showed a significant re-
duction in stunting malnutrition by HAZ.
In the higher-risk longitudinal subpopulation, at base-

line (2011), it can be seen that the “natural history” of
stunting malnutrition by age showed a rate of 41% at
age 1, a peak of 61% at age 2, a decrease to 40% at age 3,
and a further decline to 29% at age 4 (Table 3). Overall,
from baseline to two-year follow-up, the children in this
study sample experienced a 39.5% reduction in the
prevalence of stunting malnutrition and a modest but
significant increase in mean HAZ. Examining the
changes in rates of stunting malnutrition by the
children’s age of entry into the intervention shows re-
ductions in stunting malnutrition for every age cohort
except those entering the two-year-old group, the peak
of stunting in this population. Examining the changes in
rates of stunting malnutrition by the children’s caries in-
crement reveals that children in the medium-caries
increment group experienced the most significant reduc-
tions in stunting—a 54.3% reduction in stunting preva-
lence and a moderate increase in mean HAZ (Table 4).
The low-caries increment group experienced a signifi-
cant reduction in stunting prevalence, but no significant
improvement in mean HAZ; and the high-caries

Fig. 2 Early Childhood Caries Experience by Age and Study Year. A combination of four bar-graphs showing; Mean number of teeth decayed by
age, prevalence of caries by age, prevalence of deep caries by age and prevalence of mouth pain by age
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increment group did not experience significant reduction
in the prevalence of stunting, although they experienced a
modest but significant improvement in mean HAZ.
To further assess the reductions in malnutrition rates

in the longitudinal sample, the “observed” rates of
malnutrition at each age group (i.e., the prevalence of
malnutrition in the study sample at 2-year follow-up)
were compared to the population’s “expected” rate of
malnutrition at each age group (i.e., the prevalence of
malnutrition in the study sample at baseline in 2011), or
this population’s “historical control.” At two-year follow-
up, this cohort showed substantially lower rates of stunt-
ing malnutrition compared to the expected rates at two
and three years of age, corresponding to entry into the
intervention in the first two years of life (Fig. 3).
Children who entered the program before one year of
age experienced one-quarter less stunting at two years of
age than expected (from 61 to 47%); and those who
entered between one and two years had one-half the rate
of stunting than expected at three years of age (from 40

to 19%). For children who entered the program after age
two, and were age 4 at follow-up, reductions from the
expected rates of stunting were not seen.

Discussion
This study examined the caries experience and nutri-
tional status of children from birth through six years of
age who participated in a community-based preventive
oral health and nutrition intervention in Pueblo Kichwa,
an indigenous rural community in the Amazonian re-
gion of Ecuador. There were significant improvements
in children’s dental caries experience and nutritional
status over time.

Caries experience
The children in this population were found to have a high
prevalence and severity of ECC, beginning in the first year
of life and increasing steadily thereafter, which is consist-
ent with other studies in the region [21]. Studies of other
indigenous populations in North America and Australia

Table 2 Caries Experience and Malnutrition from Baseline to 2-year Follow-up (Cross-sectional and Longitudinal samples)a

Baseline (2011) Follow-up (2013) p value

Caries Experience N %/Mean N %/Mean

Caries Prevalence 0–6 years Cross-sectional 595 81.3% 546 78.0% 0.070

2–4 years-old Cross-sectional 293 89.9% 247 80.2% <0.001

2–4 years-old Longitudinal 100 93.5% 63 86.3% 0.089

Mean dmft 0–6 years Cross-sectional 731 7.3 (SD 5.4) 698 6.1 (SD 4.7) <0.001

2–4 years Cross-sectional 326 7.7 (SD 5.0) 308 5.3 (SD 3.2) <0.001

2–4 years Longitudinal 110 8.2 (SD 4.8) 123 6.2 (SD 4.1) 0.024

Prevalence of Deep decay 0–6 years Cross-sectional 287 39.2% 256 36.6% 0.165

2–4 years Cross-sectional 116 35.6% 82 26.6% 0.009

2–4 years Longitudinal 34 31.8% 25 34.2% 0.425

Prevalence of Mouth pain 0–6 years Cross-sectional 221 30.2% 145 20.8% <0.001

2–4 years Cross-sectional 94 28.8% 73 23.7% 0.084

2–4 years Longitudinal 40 37.4% 23 31.5% 0.258

Prevalence of any Restorative
Treatment

0–6 years Cross-sectional 163 22.3% 192 27.5% 0.014

2–4 years Cross-sectional 46 14.1% 54 17.5% 0.142

2–4 years Longitudinal 18 16.8% 18 24.7% 0.136

Mean number of untreated lesions 0–6 years Cross-sectional 731 6.2 (SD 5.0) 698 5.2 (SD 4.3) <0.001

2–4 years Cross-sectional 326 7.4 (SD 4.9) 308 4.9 (SD 3.9) <0.001

2–4 years Longitudinal 110 7.8 (SD 4.8) 123 5.5 (SD 3.9) 0.001

Malnutrition

Stunting prevalence HAZ < −2Z 0–6 years Cross-sectional 22 30.6% 198 24.8% 0.183

2–4 years Cross-sectional 113 34.7% 99 32.1% 0.278

2–4 years Longitudinal 46 43.0% 21 28.8% 0.037

Underweight prevalence WAZ < −2Z 0–6 years Cross-sectional 53 7.3% 40 5.7% 0.144

2–4 years Cross-sectional 19 5.8% 16 5.2% 0.431

2–4 years Longitudinal 4 3.7% 2 2.7% 0.533
a2–4 year old age group were selected for analysis in order to provide better comparability between the longitudinal sample and the cross-sectional sample
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have also shown that ECC is a near-universal and com-
monly severe experience by five-to six-years of age [22].
The most prominent risk factor for ECC in this popu-

lation was the rapid access to stores that sold junk
food—despite the rural setting and limited resources,
three quarters of families could access junk food within
a five-minute walk from their house, and nearly half of
children reportedly consumed junk food at least once a
day. The rapid access, low cost and widespread adver-
tisement of junk food to children has been found to
drive the high frequency of junk food consumption [25].
This study found a reduction in the parent-reported
consumption of junk food, although it is difficult to
know how this corresponds to actual behavior change.
The greatest reduction in caries experience was found

for the children who entered the intervention in the first
year of life, who started on a less-severe trajectory for
caries development. Nutrition and oral hygiene habits
tend to be established early, and it is easier to establish
healthy behaviors from birth than to reverse unhealthy
behaviors later in childhood [26].
The greatest reduction in mouth pain was seen for

children at five-to six-years of age, who had the greatest
burden of caries and received the most dental treatment.
While a substantial proportion of children’s mouth pain
in the first two years of life may result from non-caries
causes such as normal teething and other oral infections,
caries-related mouth pain in older children may be
under-reported if they suffer from chronic pain and do
not articulate their pain experience [27].
Tragically, a large burden of disease remained. It is

critical for interventions to address the high prevalence
of severe caries and caries-related mouth pain in early
childhood, which can seriously impair children’s quality
of life, nutrition, growth, development and educational

potential [11]. Once a carious lesion becomes cavitated,
it may be difficult to manage with toothbrushing and
fluoride varnish alone, and further benefit could be
gained through arrest-of-caries treatment with silver
compounds [28].
The WHO has declared a goal of reducing the preva-

lence of any dental caries in five- and six-year-old
children to less than 50% [16]. Given that the one-year-
olds in this population already had over 50% caries
prevalence, intensive prevention of ECC would need to
begin before age one.

Malnutrition and caries
The high rate of stunting malnutrition found in this study
was consistent with other reports [18, 19]. Children in the
longitudinal subsample—who had poorer health at base-
line, and attended all three dental camps–demonstrated
greater nutritional improvements than those in the cross-
sectional sample. Children who entered the intervention
during the first two years of life realized the greatest
reductions in stunting malnutrition, exceeding expected
changes. This finding agrees with other studies showing
that interventions to reduce stunting malnutrition are ef-
fective only prior to two years of age [29]. We hypothesize
that some of the malnutrition in this population was asso-
ciated with factors targeted by this intervention, e.g., fre-
quent consumption of junk food instead of healthy
nutrients, and severe early childhood caries involving
acute and chronic infection/inflammation and mouth
pain, which are known to inhibit appetite, eating ability,
sleep and growth [30]. The low prevalence of underweight
and wasting malnutrition in this population made the
study under-powered for observing significant changes in
those nutritional indicators.

Table 3 Longitudinal Analysis of Stunting Malnutrition, by Child’s Age of Entry into Intervention

Number (%) Children with Stunting Malnutrition, HAZ < −2Z

Baseline (2011) Follow-up (2013) Observed change

Child age of entry
and at exam

HAZ < −2 Z Age at exam HAZ < −2 Z Absolute change Proportional changea P-Value Observed
Changeb

<1 year 7 (36.8%) 2 years 8 (47.1%) +10.3% +28.0% 0.688
0.414

1 year 13 (40.6%) 3 years 6 (18.6%) −22.0% −54.2% 0.065
0.035

2 years 19 (61.3%) 4 years 11 (42.3%) −19.0% −31.0% 0.180
0.096

3 years 18 (40.0%) 5 years 10 (25.0%) −15.0% −37.5% 0.070
0.034

4 years 9 (29.0%) 6 years 5 (16.7%) −12.3% −42.4% 0.453
0.257

Total 0–4 years 66 (41.0%) 2–6 years 40 (24.8%) −16.2% −39.5% 0.005
0.003

aCalculated by dividing the change in prevalence by the baseline prevalence and expressing it as a percentage
bP-values presented are based on McNemar test (first) and Cochran’s Q test (second)
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Table 4 Longitudinal Analysis of Stunting Malnutrition, by Child Caries Increment

Caries Increment Number (%) of Children with HAZ < −2 Z Mean HAZ score (SD)

Baseline Follow-up Absolute change Proportionate changea P-valueb Baseline Follow-up Mean
change

Effect
sizec

P-valued

N % N % % % Mean SD Mean SD

Low (0–2 dmft/year) 28 48.3 16 29.1 −19.2 −39.8 0.064/
0.039

−1.6 1.3 −1.6 1.0 0.0 0.0 0.070

Medium (3–5 dmft/year) 16 39.0 7 19.4 −19.6 −54.3 0.065/
0.035

−1.7 0.9 −1.3 0.8 +0.4 0.4 0.003

High (≥6 dmft/year) 22 35.5 17 29.8 −5.7 −16.1 0.549/
0.366

−1.6 1.0 −1.5 0.9 +0.1 0.1 0.030

Total 66 41.0 40 24.8 −16.2 −39.5 0.005/
0.003

−1.6 1.1 −1.5 0.9 +0.1 0.1 <0.001

aCalculated by dividing the change in prevalence by the baseline prevalence and expressing it as a percentage
bP-values presented are based on McNemar test (first) and Cochran’s Q test (second)
cEffect size; 0.2–0.4 is considered to be ‘small’; 0.5–0.7 is ‘Moderate’; and more than 0.8 is considered to be ‘large’
dP-values presented are based on Wilcoxon rank sum test
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Similar to the well-known health care concept of “tri-
age,” there was a subgroup of children who achieved the
greatest benefit from this intervention, the “medium”
caries- increment group. Those children may have expe-
rienced caries-related malnutrition that was effectively
treated with this oral health intervention. On the other
hand, children in the high-caries increment group,
whose caries disease process was less controlled, may
need a more intensive dental case management and
treatment to improve their oral health and nutrition. In
contrast, children in the low-caries increment group,
who began with a higher prevalence of malnutrition,
likely had other non-caries related causes for malnutri-
tion, and may need more intensive nutritional interven-
tions such as food and micronutrient supplementation,
and treatment for infectious diseases. This population of
children had many causes of malnutrition that our oral
health intervention was not designed to address; how-
ever, we observed substantial improvements in their
nutritional status associated with the prevention and
management of tooth decay, without providing add-
itional food, micronutrients or medical treatment.
This study’s findings are novel since neither global nor

local studies on child malnutrition have cited early
childhood caries as a contributor to malnutrition, nor
caries prevention and treatment as strategies for redu-
cing malnutrition [1, 18]. A randomized controlled trial
could further test the hypothesis that community-wide
education for families on healthier food choices and
implementation of low-cost measures to prevent the
caries process (including chronic inflammation and
mouth pain) could improve children’s nutritional status
by improving their appetite and helping them to eat,
metabolize and grow utilizing the food that is available

to them. Longitudinal trials could also test the hypothesis
that a six-year follow-up, carrying the birth cohort to
school-age, could continue to show a healthier trajectory
with substantially lower rates of caries, mouth pain and
malnutrition across the early childhood years, rendering
more children caries-free, pain-free and ready to learn
when they enter school at five to six years of age.

Limitations and strengths of the study
The convenience sampling of approximately 45–70% of
the preschool-age population in the area and the high
drop-out rate in the longitudinal cohort may limit the
generalizability of the results. The study did not follow a
contemporaneous control or comparison group due to
limited resources and concerns about the ethics of
withholding the intervention from children in need, and
instead compared our follow-up results to historical pre-
intervention ‘controls’ from the same population. As a
population-wide intervention, there was inevitably
clustering at the family- and community-wide level, for
which this preliminary analysis did not account. While
this sampling was vulnerable to sampling bias, the
methodology represents a realistic community-based
intervention in a logistically-challenging environment
where some families follow the entire program and
others may not. Although many children could not be
examined on the designated annual follow-up day due to
the families’ logistical challenges (e.g., torrential rain,
lack of transportation, family illnesses, work obligations,
and not prioritizing the follow-up exam if their child
was cavity-free and pain-free), most children and
families continued to receive the intervention through
their community and preschool.

Fig. 3 Expected and Observed Stunting Malnutrition by Age Group in the Longitudinal Samplea. A bar graph showing expected and observed
prevalence of stunting malnutrition across three age groups. Includes subscript text as follows: a“Expected” prevalence of stunting is the prevalence of
malnutrition by age group in the longitudinal sample, measured at baseline (2011); “Observed” prevalence of stunting is the prevalence of malnutrition
by age group in the longitudinal sample, measured at the 2-year follow-up (2013)
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The strengths of this study lay in the strong partnership
with community leaders and local health and education
institutions; and the ability to conduct a population-wide,
low-cost, preventive intervention, over multiple years. The
results of this community intervention highlight the need
for further investigation into the relationship between
caries and under-nutrition, including conventional ran-
domized controlled study designs.

Conclusions
This community-wide study of the oral health and nutrition
of indigenous children from birth to age six in rural
Ecuador found high baseline rates of junk food consump-
tion, early childhood caries, mouth pain and stunting
malnutrition. The two-year follow-up of our low-cost,
community-wide preventive intervention—involving nutri-
tion/oral health education, toothbrushes, fluoride tooth-
paste, fluoride varnish, and dental treatment– showed
significant reductions in early childhood caries experience
and malnutrition. Our cross-sectional and longitudinal
analyses demonstrated that the children who began the
intervention in the first two years of life experienced the
greatest benefits. This study underscores the importance of
universal, community-wide programs to jointly address oral
health and nutrition. Given the near-universal access to
prenatal care and early childhood immunizations,
maternal-child health and nutrition programs should con-
sider incorporating oral health interventions, starting from
pregnancy and birth.
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