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Abstract 
 

Objectives: To determine the prevalence of dental caries among children 6-

months to 12-years-old in rural Honduras, and to explore the hypothesis that 

sugar consumption is positively correlated with dental decay among children 6-

months to 12-years old in rural Honduras.  

Methods: An interviewer implemented a cross-sectional survey of dental health 

determinants using convenience sampling. The same interviewer then examined 

the dentition of survey participants for dental decay according to the dental 

caries criteria recommended by the World Health Organization (WHO).  

Results: The study included a sample of 532 children from 8 rural communities. 

Seventy percent of children surveyed had decay of their primary dentition. The 

average dmft score in this population was 3.52 (SD=3.57). A logistic regression 

model yielded that children who eat more than 2.5 pieces of candy per day have 

at least twice the odds of dental decay compared to children who eat less candy.  

Conclusion: These results establish that caries burden in primary dentition in 

these communities is higher than the WHO goal, and support the hypothesis that 

increased sugar consumption correlates positively to increased burden of decay.  
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wide, dental caries affects nearly 100% of adults (Petersen, Bourgeois, 

Day, & Ndiaye, 2005). This remarkably high prevalence

reflects our bodies’ struggle to maintain a neutral oral pH in the face of frequent 

acid exposure. Over time, this acid exposure can weaken or destroy the outer 

 enamel and dentin (Figure 1) (Zafar, Harnekar, & Siddiqi, 

This acid demineralization of the enamel or dentin is called dental caries.

Figure 1: Anatomy of a Tooth   

dental caries starts at an early age, particularly in many 

middle- to high-income developing countries (Petersen, 

Bourgeois, Ogawa, Estupinan-Day, & Ndiaye, 2005). Early caries experience has 
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a number of negative impacts on child quality of life, including toothache, 

absence from school, difficulty eating, impairment of speech development, and 

even loss of life. (Gradella, Bernabé, Bonecker, & Oliveira, 2011; Zafar, Harnekar, 

& Siddiqi, 2009). 

1.1. Determinants of Dental Health 
 

To design effective interventions that prevent dental caries and their sequelae, 

we must first understand the determinants of dental health. There are several 

factors that influence the development of dental caries in children. Broadly, three 

categories of factors contribute: host factors, oral bacterial flora, and diet. Host 

factors determine susceptibility to colonization by cariogenic bacteria. Once the 

bacteria have colonized, they feed off dietary sucrose or refined sugars. Bacteria 

digest these sugars through fermentation, which produces acid (Caufield & 

Griffen, 2000; Zafar, Harnekar, & Siddiqi, 2009). This acid produced by bacteria 

demineralizes tooth surfaces to form dental caries (Moynihan & Petersen, 2004). 

The following diagram (Figure 2) elucidates the broad variety of determinants 

that play a role in dental health. 
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Figure 2: Determinants of Dental Health (Fisher-Owens, et al., 2007)   

1.1.1. Nutrition 
 

The link between sugar consumption and dental caries formation is painfully 

evident as westernized diets spread to the developing world (Petersen, 

Bourgeois, Ogawa, Estupinan-Day, & Ndiaye, 2005). A recent study of 

socioeconomic determinants of dental caries found a high correlation between 

sugar consumption and average national tooth decay, as measured by the 
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Decayed, Missing, Filled Teeth (DMFT) score∗. In this study, 109 countries were 

divided into four economic levels and compared based on several socioeconomic 

factors. Per capita sugar consumption was found to have a positive correlation to 

national average DMFT score for all developing countries, but not for established 

economies (Diehnelt & Kiyak, 2001). This pattern for developing countries is 

thought to be the result of exposure to cariogenic foods, such a sugar, without 

the fluoride exposure present in established economies (Petersen, Bourgeois, 

Ogawa, Estupinan-Day, & Ndiaye, 2005). 

 

Figure 3: DMFT and Sugar Consumption by Economic Level (Diehnelt & 

Kiyak, 2001) 

                                                 
∗ The DMFT score is a measure of individual level caries prevalence and is 

further discussed in section 1.2. 
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The impact of a high sugar diet in the absence of fluoride exposure can be 

particularly detrimental in regions where malnutrition is prevalent. Enamel 

hypoplasia is associated with early exposure to low vitamin A, vitamin D, or 

protein energy malnutrition (Moynihan & Petersen, 2004).  Teeth with 

hypoplastic enamel have a rougher surface, which facilitates bacterial 

colonization (Caufield & Griffen, 2000). Although under-nutrition alone is not 

associated with dental decay, it does seem to exacerbate dental caries formation 

when combined with a high sugar diet (Moynihan & Petersen, 2004).  

1.1.2. Saliva quantity and content 
 

These deficiencies in protein, vitamins, and minerals may also contribute to 

salivary gland atrophy. The subsequent decrease in saliva production decreases 

the ability to fight oral infection and buffer plaque acids (Moynihan & Petersen, 

2004). This buffering action is a dynamic process that is vital to dental health. 

After a sugary meal, organic acids produced by oral bacteria may drop plaque 

pH below 5.5, the critical level below which the calcium hydroxyapatite of 

enamel and dentin becomes soluble. If saliva cannot reach the tooth surface, 

either due to low saliva production or dental crowding, acid insults are able to 

chip away at the teeth until dental caries form. However, if saliva flow is 

adequate, it can buffer the environment around the teeth back to a pH of 7. This 
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buffering ability combined with a super-saturation of calcium and phosphate in 

the saliva allows remineralization to take place, preventing the formation of 

dental caries (Moynihan & Petersen, 2004).  

1.1.3. Fluoride 
 

Fluoride aids this process by inhibiting demineralization and enhancing 

remineralization (Moynihan & Petersen, 2004). If fluoride is present as the pH 

drops, fluorapatite can replace hydroxyapatite in tooth enamel. Fuoroapatite 

maintains enamel structure by lowering the pH at which the enamel 

demineralizes. If fluoride is present as the pH returns to normal, it facilitates the 

recovery of lost calcium and phosphate to the enamel (Cury & Tenuta, 2008). 

Current methods of fluoride delivery, such as fluoride varnish, toothpastes, and 

fluoridated rinses, are effective because of their ability to maintain fluoride levels 

in the oral environment that are sufficient to promote these processes (Cury & 

Tenuta, 2008).  

1.1.4. Oral Flora 
 

The accumulation of biofilm on the tooth surface can prevent fluoride and saliva 

from protecting the tooth enamel. In the absence of the buffering action of saliva, 

this biofilm microenviroment becomes acidic, producing shifts in bacterial flora 
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(Marsh, 1994). The plaque becomes an environment that favors only acidophilic 

bacteria, rather than a heterogenous and balanced flora. These acidophilic 

bacteria include Streptococcus mutans, lactobacilli, and a variety of other 

bacteria, all of which produce high levels of acid through their fermentation 

process. The most cariogenic bacteria are also typically capable of producing a 

more protective biofilm in addition to high acid production (Zafar, Harnekar, & 

Siddiqi, 2009). While these bacteria may be present at a low level in a healthy oral 

environment, they are found in high concentrations near dental decay. The 

hypothesis is that such a shift in the microflora of the plaque produces an 

environment favoring demineralization of enamel (Marsh, 1994). This process of 

acidification of dental plaque may be initiated by a number of factors including 

high sugar consumption and low saliva production. 

1.2. DMFT Score and World Health Organization (WHO) Recommendations 

 
Because there are many determinants of dental decay, it is useful to have a 

standardized method of evaluating decay. Standardized evaluation facilitates 

assessing the relative contribution of dental health determinants to caries burden 

in a population. The DMFT score is commonly used in standardized evaluation 

of dental decay. This score is determined through individual dental exams in 

which the evaluator counts the number of caries, the number of teeth that have 
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been extracted due to caries, and the number of fillings or crowns. Each tooth is 

only counted once, meaning that if a filled tooth also has an untreated area of 

decay, it still contributes only one point to the DMFT score. As an example, a 

child with two carious teeth, one tooth that was extracted due to caries, and one 

tooth with a filling would have a DMFT score of 4. Individual scores can then be 

used to calculate the average caries burden in populations of interest. This 

method of evaluation can be applied to primary dentition (dmft score) or 

permanent dentition (DMFT score). Through this score, it is possible to evaluate 

caries burden as well as the dental health determinants in the study population.  

 

The WHO promotes the use of this score to evaluate caries burden and has used 

it to set dental health goals. In 1979, the WHO set the goal that its members states 

would have an average dmft score of 3 or less at twelve years of age by the year 

2000. Several countries were able to meet this goal while many others are still 

struggling (Petersen, The World Oral Health Report 2003, 2003). Although, the 

previous goal is still encouraged for countries that did not meet it by the year 

2000, the current WHO goals for dental health are less specific. The more general 

nature of these goals is designed to aid local and national governments in setting 

dental health agendas. The WHO currently promotes fluoride treatments and 

diet education as primary methods of reaching these goals. Over the years, many 
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developed countries have established fluoridation and health education 

programs to address the issue. In developing countries, however, establishing 

such programs is still a major challenge 

1.3. Burden of Dental Caries in the Developing World  
 

Until relatively recently, dental caries was a problem of the developed world. As 

westernized diets spread, however, developing countries face an increasing 

burden of dental decay. This is thought to be the result of increasing sugar 

consumption without adequate fluoride exposure (Petersen, Bourgeois, Ogawa, 

Estupinan-Day, & Ndiaye, 2005). Although some developed countries have been 

successful in reducing tooth loss through fluoride, the incidence of dental caries 

in developing countries is expected only to increase (Petersen, The World Oral 

Health Report 2003, 2003). Figure 4 is an illustration of the average dmft score as 

of 2004, presented by nation. While low-income developing countries, including 

most African nations, are still relatively caries free, many middle-income 

developing countries in Asia and Latin America have already experienced a rise 

in dental caries (Petersen, The World Oral Health Report 2003, 2003).  



 

Figure 4: Dental Caries Experience (dmft

(Petersen, Bourgeois, Ogawa, Estupinan

As the burden of dental caries in developing countries increases, the pace of 

treatment for the caries is not keeping up. About 90% of caries remain untreated

in the developing world

treatment available is tooth extraction

becomes unbearable. This leads to a high prevalence of edentulousness and poor 

dental function. Because of 

restorative treatment in developing countries would 

available funding for health care. Preventive interventions are likely to be a more 

cost-effective way to address this public health issue

2004).  

 10

: Dental Caries Experience (dmft) of 12-Year-Old Children 

(Petersen, Bourgeois, Ogawa, Estupinan-Day, & Ndiaye, 2005)

As the burden of dental caries in developing countries increases, the pace of 

treatment for the caries is not keeping up. About 90% of caries remain untreated

in the developing world (Moynihan & Petersen, 2004). Generally, the only 

treatment available is tooth extraction, which is only sought when

becomes unbearable. This leads to a high prevalence of edentulousness and poor 

Because of the high incidence of dental caries, providing 

restorative treatment in developing countries would generally cost more than the 

unding for health care. Preventive interventions are likely to be a more 

effective way to address this public health issue (Moynihan & Petersen, 

Green: very low<1.2 

Blue: low 1.2-2.6 

Yellow: Mod 2.6-4.4 

Red: high >4.4 

White: no data 

  

 

Old Children Worldwide. 

Day, & Ndiaye, 2005) 

As the burden of dental caries in developing countries increases, the pace of 

treatment for the caries is not keeping up. About 90% of caries remain untreated 

. Generally, the only 

when the pain 

becomes unbearable. This leads to a high prevalence of edentulousness and poor 

the high incidence of dental caries, providing 

cost more than the 

unding for health care. Preventive interventions are likely to be a more 

(Moynihan & Petersen, 
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2. Introduction 

2.1. Burden of Dental Caries in Honduras 
 

The story of dental decay in Honduras is the same as the story in many 

developing countries. As a lower-middle-income developing nation, Honduras 

struggles with few public dental health clinics and fewer than 2 dentists per 

10,000 people (World Bank, 2011; Pan American Health Organization, 2001). The 

existing public dental clinics primarily provide extractions (Pan American Health 

Organization, 2001).  

 

The most recent national survey of child dental health in Honduras was 

conducted in 1997. This survey collected data from rural and urban schools in all 

18 departments of Honduras. The study was designed to include a sample of 

over 2000 children, roughly half from rural and half from urban schools 

(Organización Panamericana de la salud, Ministerio de Salud de Honduras, 

1997). The survey found an average dmft score of 3.7. It also found that less than 

10% of affected teeth had been filled and that 75% of affected teeth remained 

completely untreated (neither by filling nor extraction) (Beltrán-Aguilar, 

Estupiñán-Day, & Báez, 1999).  
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In a 1999 review of the burden of dental decay in the Americas, researchers noted 

that countries such as Honduras who did not meet the WHO dmft goal by the 

year 2000 struggled with lack of dental care in rural areas. In these regions, 

extraction is the only treatment available (Beltrán-Aguilar, Estupiñán-Day, & 

Báez, 1999).  

2.2. Study setting: population, resources 
 

Over a decade after this review, the coordinator of the annual Duke medical 

mission trip to rural Honduras has become increasingly concerned about the 

burden of dental decay. For almost 10 years, this group has been returning to a 

small cluster of communities in the department of Intibucá. The mission serves 

about 15 communities organized into a co-op. Families in these communities 

belong to the Lenca ethnic group and primarily support themselves through 

agriculture. Most grow crops for their own consumption, while some are able to 

supplement their income by working as day laborers on larger farms for about 

$1-2 per day.  

 

The communities are about 20-80 kilometers from La Esperanza, their only 

source of dental care. In La Esperanza, the financially accessible care option is 

tooth extraction, which costs about 100 Lempira in local currency, or $5.30USD. 
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These services are typically only sought when dental pain becomes unbearable. 

The following study was undertaken with the intention that it could serve as the 

foundation for a preventive dental health intervention. Our goal was to assess 

the current burden of dental decay and the relationship of this burden to sugar 

consumption among children between the ages of 6-months and 12-years.  
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3. Methods 

3.1.  Study Design 
  

A cross-sectional survey was conducted in 2011 among 6-month to 12- year old 

children living in a group of communities within 80 kilometers of La Esperanza, 

Honduras. For the past 10 years, a medical team from Duke University has 

served these communities annually.  Because of this existing relationship, these 

communities were chosen for the study. This age group was chosen because 

children are most susceptible to tooth decay immediately after tooth eruption. 

Primary teeth erupt between the ages of 6-months and 5-years, while permanent 

teeth erupt during early adolescence (Moynihan & Petersen, 2004). The water in 

these communities is not fluoridated.  

 

Nine of the approximately 15 communities in the co-op were chosen for the 

survey based on accessibility. One community was excluded from the final 

analysis due to insufficient data resulting in a total of 8 communities included in 

the analysis. Communities were informed in advance of the date that a 

fieldworker would visit the community school or church to conduct the survey. 

Families were invited to participate through community contacts. Convenience 

sampling was used, and only children whose parent or guardian signed an 
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informed consent were included in the survey. I conducted all surveys and 

dental exams. My exam results were calibrated with the exam results of a board-

certified pediatric dentist to validate the results of this study.  

3.2. Ethical Approval   
 

Ethical approval for this study was obtained through the Duke University 

Graduate School Institutional Review Board. A consent form was read to all 

parents or guardians of participating children in their native language (Spanish), 

and consent was obtained for all study participants. Child assent was obtained 

prior to examination. 

3.3. Sugar consumption and demographic survey 
 

Based on conversations with local community members and observations of 

product availability in local stores, I compiled a list of commonly available sugar 

products. The most common foods were hard candies, lollipops, gum, and raw 

sugar cane. Sugary beverages such as sodas, fruit juice, and coffee with sugar 

were also common. The survey included questions to determine the quantity and 

frequency of consumption of each of these products. In addition, the survey 

included demographic questions about the child and the child’s family as well as 

questions relating to dental health. Tables 1 and 2 describe characteristics of the 
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children included in the survey. In Table 2, children and their families were 

asked to report whether the child had ever had dental pain before. It should be 

noted that the survey question did not distinguish between dental pain due to 

tooth eruption, infection, or trauma, but is an over all measure of self-reported 

dental pain experience.   
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Table 1: Characteristics of Children 6-Months to 12-Years Old in Rural 

Communities Near La Esperanza, Honduras 

Characteristic  % (n, total=532) Mean (SD) 

Gender Male 

Female  

48 (257) 

52 (275) 

 

    

Age 1 year old or less 

2 years old 

3 years old 

4 years old 

5 years old 

6 years old 

7 years old 

8 years old 

9 years old 

10 years old 

11 years old 

12 years old 

4 (20) 

3 (17) 

6 (30) 

4 (23) 

9 (48) 

9 (48) 

12 (63) 

11 (60) 

10 (51) 

12 (63) 

12 (63) 

9 (46) 

 

    

Mother attended school? Yes 

No 

87 (463/531) 

13 (68/531) 

 

    

Grade completed (Mom) Mean  3rd – 4th (2.27) 

    

Father attended school? Yes 

No  

84 (445/527) 

16 (82/527) 

 

    

Grade completed (Dad) Mean  3rd – 4th (2.36) 

    

Mother’s primary 

occupation 

Deceased or absent 

Housewife 

Agriculture 

Skilled trades 

1 (5/524) 

85 (443/524) 

11 (60/524) 

3 (14/524) 

 

    

Father’s primary 

occupation 

Deceased or absent 

Unemployed 

Agriculture 

Skilled trades 

10 (52/517) 

1 (7/517) 

83 (431/517) 

5 (24/517) 
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Table 2: Dental Variables in Children 6-Months to 12-Years Old in Rural 

Communities Near La Esperanza, Honduras 

Variable  % (n, total=532) Mean (SD) 

Reported previous 

dental pain 

Yes 

No 

52 (277) 

48 (255) 

 

    

Frequency of 

dental pain 

Never 

Rarely 

Monthly 

Weekly 

Daily 

48 (257/531) 

6 (30/531) 

22 (119/531) 

12 (64/531) 

11 (61/531) 

 

    

Reported previous 

tooth extraction 

Yes 

No 

16 (84) 

84 (448) 

 

    

Report missing 

school for tooth 

pain 

Yes 

No 

22 (115/531) 

78 (416/531) 

 

Candies eaten per 

day 

Mean  6.11 (4.49) 

Cups of coffee, 

juice, and soda 

consumed per day 

Mean  2.74 (1.70) 

Reported brushing 

teeth on survey day 

Yes 

No 

42 (223) 

58 (309) 

 

    

If they did not 

brush their teeth, 

why not? 

No toothbrush/paste 

Does not like to brush 

Too young 

Forgot 

57 (177/309) 

5 (14/309) 

13 (40/309) 

25 (78/309) 

 

    

Reported ever 

having brushed 

their teeth  

Yes 

No 

73 (390) 

27 (142) 

 

    

Times per day 

child brushes teeth 

(when they do 

brush) 

0 

1 

2 

3 

27 (144) 

21 (112) 

36 (193) 

16 (83) 
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3.4. Dental Assessment 
 

An examiner trained by a board-certified pediatric dentist conducted visual 

dental exams using natural light or a headlamp as needed. Dentition was 

evaluated using the WHO caries diagnostic criteria to determine the permanent 

tooth DMFT and primary tooth dmft scores. This score represents the prevalence 

of dental caries on the individual level (World Health Organization, 2011).  

3.5. Water Fluoride Level 
 

Although the water in these communities is not fluoridated, there was potential 

that the communities had varying levels of natural fluoridation. A water sample 

was taken from in each community. In San Antonio, water was taken from a well 

near the school and church, as there is no piped water in the community. Water 

was taken from a tap fed by a central water source in each of the other 

communities. The sample from El Rosario was lost in transit to the lab. All others 

had undetectable levels of fluoride in their water. 
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3.6. Validation  
 

My dental assessment results where compared to the dental assessment results of 

a board-certified pediatric dentist for fifteen of the survey participants. The 

results were calibrated using a kappa score. The kappa score was 0.84, which 

falls into the range of “very good agreement” on the scale presented in Table 3 

(Altman, 1991). 

Table 3: Interpretation of Kappa Score Results 

κ Agreement 

< 0.20 Poor agreement 

0.20 – 0.40 Fair agreement 

0.40 – 0.60 Moderate agreement 

0.60 – 0.80 Good agreement 

0.80 – 1.00 Very good agreement 
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4. Data Analysis 

4.1. Data coding 
 

 The dependent variable used for this analysis was a dichotomous measure of the 

presence or absence of tooth decay in the primary dentition. Tooth decay was 

considered to be present if the child had one or more teeth that were decayed, 

missing, or filled according to the dmft score (0 = no decay, 1 = decay present). 

Although I considered using dmft score, a count variable, as the dependent 

variable, the distribution and presence of many outliers greatly complicated the 

model. Therefore, the dichotomous variable was chosen instead. 

 

The primary independent variable of interest was sugar consumption measured 

as the total number of hard candies, pieces of gum, lollipops, or 1-2 inch pieces of 

sugar cane the child consumes per day. This total number of pieces of candy 

consumed per day was then coded into a categorical variable by quartile to 

decrease the influence of outliers. Sugar consumption was also measured 

through the number of drinks consumed per day. Coffee with sugar, soda, and 

juice where all commonly consumed in this population. This number of cups of 

these drinks was also coded into a categorical variable by quartile. 
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Finally, age was recoded into three categories according to the pattern of 

exfoliation of the primary dentition. The first category included six-month to six-

year-olds. After the age of six, incisors are exfoliated. Children who are 

exfoliating their incisors but retain their primary molars fall into the second 

category of seven to nine-year-olds. Around the age of ten, children begin to 

exfoliate their primary molars. The final category includes children who 

generally have their permanent incisors and are exfoliating their primary molars, 

children between the ages of ten and twelve. Each category contained roughly 

the same number of observations. 

 

The other variables considered for the regression model were coded as shown in 

Table 4, or were dichotomous variables coded as Yes = 1, No = 0. 

 

Table 4: Variable Coding 

Variable Coding 

Gender Dichotomous, Female = 1, Male = 0 

Community Eight categories 

Number of Primary Teeth Numeric 

Parent Grade Numeric 

Occupation Four categories 
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4.2. Bivariate Analysis 
 

The dependent variable for this analysis is a dichotomous variable representing 

the presence or absence of dental decay in primary dentition. Chi-Square tests 

were run to begin exploring which variables should be included in the regression 

model. Potential independent variables from the survey and their chi square p-

values are listed in Table 5. If the p-value was 0.25 or less, I considered this 

variable to be a potentially significant independent variable for the model.    
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Table 5: Bivariate Analysis: The Relationship between Decay in Primary 

Dentition and Potential Independent Variables  

Variable Statistical 

test 

p-value 

Gender Chi square 0.117** 

Age Chi square 0.000** 

Family Univariate 

Regression 

0.003** 

Community Chi square 0.029** 

Mom attended 

school 

Chi square 0.918 

Grade completed 

by mother 

Chi square 0.761 

Dad attended 

school 

Chi square 0.649 

Grade completed 

by father 

Chi Square 0.045** 

Mother’s 

occupation 

Fisher’s exact 0.764 

Father’s 

occupation 

Fisher’s exact 0.633 

Brush teeth – 

yes/no 

Chi square 0.838 

Number of 

primary teeth 

Chi square 0.000** 

Number of times 

child brushes 

teeth per day 

Chi square 0.362 

Number of 

candies 

consumed per 

day (4 categories 

by quartile) 

Chi square 0.013** 

Number of drinks 

consumed per 

day (4 categories 

by quartile) 

Chi squared 0.179** 

**p-value <0.25   
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Pairwise correlation coefficients were calculated for the variables with a p-value 

less than 0.25 to assess for collinearity between these variables. A correlation 

coefficient of 0.4 or higher (or -0.4 or lower) was considered highly correlated. 

The only highly correlated variables were Number of Primary Teeth and Age, 

with a correlation coefficient of -0.6975. This suggests that these two variables are 

collinear, which can make regression coefficients unreliable and inflates standard 

error. In considering the potential relationships between age, number of primary 

teeth, and decay, I concluded that number of primary teeth might be a more vital 

determinant to the regression model. Each primary tooth is an opportunity for 

decay. If there are no primary teeth, there can be no primary tooth decay.  

 

The relationship between age and dental decay is more complicated. I 

hypothesized that there could be three ways by which age increases dental 

decay. First, age determines the number of primary teeth. In fact, a dental exam 

assessing the pattern of primary and permanent teeth can be used to closely 

estimate a child’s age. The relationship between age and dental decay would at 

first be positive as primary teeth erupt and have time to develop caries. 

However, beyond the age of six, this relationship would become negative as the 

child’s teeth are exfoliated.  



    26

The second way age could increase dental decay would be if age were used as a 

proxy for the amount of time each tooth had been exposed to other caries-

causing determinants. Again, age would not be considered a cause of dental 

decay. As age increases, the time that each tooth has been exposed would 

initially increase, followed by an increase in the prevalence of tooth decay. 

However, as primary teeth are exfoliated this relationship also breaks down.  

 

Finally, I considered the possibility that teeth simply degenerate over time, the 

only case in which age (or time) would be the proximal cause of tooth decay. 

Referring back to Figure 4, the map of world caries burden argues otherwise. In 

low-income countries the caries burden is low, while children the same age in 

other countries have a high burden of caries. This suggests that time, in the 

absence of exposure to another caries-causing determinant, is not a major 

determinant of dental caries.  

 

My conclusion then, was to leave number of primary teeth in the model while 

excluding age. Although this was not optimal, a more accurate variable 

incorporating primary tooth time (number of tooth-years) was beyond the scope 

of this paper. 
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In addition to the model of primary tooth decay, I considered developing a 

model a model of decay in permanent dentition. Unfortunately for the model 

(fortunately for the children), prevalence of decay in permanent dentition was 

too low in this sample for this modeling technique. This is to be expected given 

that all children in the sample were twelve years old or younger and, therefore, 

may not have had time to develop decay in their recently erupted permanent 

dentition. 

4.3. Regression Modeling 
 

To explore the relationship between primary dental decay and sugar 

consumption, I developed a logit regression model using Stata IC version 11.1. In 

order to construct the model, I began by assessing the linearity of the relationship 

between independent variables and the dependent variable. I then considered 

whether there might be any intra-class correlation creating a need for clustering. 

Finally, I constructed the model by starting with a full model of potential 

variables and using backward elimination to exclude variables that were neither 

significant, nor improving fit of the model. 

 

To ensure that the relationship between decay and the independent variables 

was linear, I graphed the odds of decay versus the variable. Grade completed by 
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the father and number of primary teeth both displayed a more parabolic than 

linear curve. Quadratic terms for both variables were tested in the model and 

improved model fit. The other variables in the model were either dichotomous or 

included as dummy variables.  

 

In addition to linearity, another of the assumptions important to regression 

modeling is that individual observations are independent. In this data set, 

participants within the same family and within the same community have intra-

class correlation. These variables were also significant in the bivariate analysis. 

To account for lack of independence between family members and members of 

the same community, I ran the regression clustered by family with community 

included in the model as a dummy variable. 

 

All variables with a chi-squared p-value less than 0.25 (other than age) were 

included in a full preliminary logit model along with the two quadratic terms. I 

then eliminated one variable at a time, starting with the variable with the highest 

p-value, to see the effect of that variable on the model. If eliminating the variable 

changed the p-value of the candies variables by 20% or more I concluded that 

there was confounding between the two variables and retained the variable in 

question despite lack of significance. The drink consumption variable was not 
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significant and did not contribute significantly to the model. To assess the 

goodness of fit of the model, I used the Hosmer and Lemeshow goodness-of-fit 

test with 8 degrees of freedom. The test yielded a p-value 0.4852 suggesting that 

the model fits reasonably well.  

 

The final logit regression model is as follows: 

 

Logit(D)= β0 + β1C2 + β2C3 +β3C4 + β4T + β5Tsq +  β6Nc2 +  β7Nc3 +  

β8Nc4 +  β9Nc5 +  β10Nc6 +  β11Nc7+  β12Nc8 + β13G + β14F +β15Fsq 

 

D is the dichotomous dependent variable representing the presence or absence of 

decay. The C variables represent dummy variables for quartiles of candy 

consumption. T represents number of primary teeth, and Tsq is a quadratic term 

for number of primary teeth. The Nc variables are dummy variables representing 

the communities. The gender variable is represented by the G term. Grade 

completed by the father is represented by the F term, while Fsq represents the 

quadratic term for grade completed by the father. This model was run in a 

logistic regression, clustered by family in order to account for intra-class 

correlation within families.  
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5. Results 

5.1. Caries Prevalence 
 

One objective of this study was to determine the prevalence of dental caries 

among children 6-months to 12-years old in rural Honduras. Of the children with 

primary teeth, 75% had at least 1 dental caries in their primary dentition (Mean 

dmft 3.52, SD 3.57). Of the children with permanent teeth, 43% had at least 1 

dental caries in their permanent dentition (Mean DMFT 0.86, SD 1.33). 

 

Tables 6 and 7 describe the distribution of decay in primary and permanent 

teeth, respectively, by age. Table 6 illustrates the rise and fall in dental caries of 

the primary dentition as it relates to age and number of primary teeth. Decay 

increases as eruption of primary teeth is completed and the teeth have had more 

time for caries to develop. After the age of six, children begin to exfoliate their 

primary teeth, and dmft score decreases accordingly. A similar process occurs in 

Table 7 relating to permanent teeth. As permanent teeth erupt and have had 

more time for caries to develop, DMFT score rises. 
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Table 6: Primary Tooth Decay and Number of Primary Teeth by Age Group 

Age N  

(total= 

532) 

Mean 

dmft 

SD Percent 

with 

dmft = 0 

dmft 25th 

percentile 

dmft 50th 

percentile 

dmft 75th 

percentile 

Mean 

number 

primary 

teeth 

1 or < 20 0.55 1.36 85% 0 0 0 10 

2 17 1.18 1.70 53% 0 0 2 17 

3 30 2.70 3.13 43% 0 2 5 20 

4 23 2.13 2.62 35% 0 1 3 19 

5 48 5.46 4.19 17% 2 5 8 19 

6 48 6.48 4.51 13% 2 6 10 18 

7 63 5.78 3.08 5% 3 6 8 15 

8 60 4.82 3.64 20% 2 5 8 13 

9 51 3.94 2.61 10% 2 4 5 11 

10 63 2.57 2.27 27% 0 2 4 9 

11 63 1.41 2.24 49% 0 1 2 5 

12 46 0.67 1.25 67% 0 0 1 3 

 

Table 7: Permanent Tooth Decay and Number of Permanent Teeth by Age 

Group 

Age N  

(total= 

532) 

Mean 

DMFT 

SD Percent 

with 

DMFT=0 

DMFT 

25th 

percentile 

DMFT 

50th 

percentile 

DMFT 

75th 

percentile 

Mean 

number 

permanent 

teeth 

4 or < 90 0 0 100% 0 0 0 0 

5 48 0.19 0.39 81% 0 0 0 0 

6 48 0.25 0.44 75% 0 0 0 3 

7 63 0.44 0.76 68% 0 0 1 6 

8 60 0.63 0.99 62% 0 0 1 9 

9 51 0.69 1.07 65% 0 0 1 11 

10 63 1.05 1.50 54% 0 0 2 14 

11 63 1.29 1.67 44% 0 1 2 20 

12 46 1.43 1.75 43% 0 1 2 22 
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Figure 5 is a more visual illustration of this relationship between decay, age, and 

number of primary or permanent teeth. The red and blue curves illustrate the 

dependence of primary-tooth decay upon the total number of primary teeth. The 

purple and green curves illustrate the same relationship between permanent-

tooth decay and total number of permanent teeth. 

 

Figure 5: Relationship Between Dental Decay, Age, and Number of Primary or 

Permanent Teeth 
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Table 8 illustrates the distribution of primary dental decay by community. As 

shown in the table, the communities of San Nicolas, Rio Grande, and San 

Antonio appear to have particularly high caries prevalence. 

 

Table 8: Mean dmft Score in Children 6-Months to 12-Years Old, by 

Community 

Community N  Mean 

dmft 

SD % with 

dmft=0 

dmft: 25th 

percentile 

dmft: 50th 

percentile 

dmft: 75th 

percentile 

Las 

Mercedes 

59 2.15 2.67 42% 0 1 4 

San Nicolas 93 4.21 4.09 28% 0 3 7 

El Rosario 69 3.02 3.39 35% 0 2 5 

Rio Grande 79 4.94 4.00 19% 2 4 7 

Belén 88 2.98 3.31 33% 0 2 4 

Rio 

Colorado 

60 2.92 2.79 32% 0 2 5 

Las 

Crucitas 

36 3.33 3.31 39% 0 3 6 

San 

Antonio 

48 4.06 3.58 17% 1 3 5 

Total 532 3.52 3.57 30% 0 3 6 

 

  



    

34

5.2.   Results of the regression model 
Table 9: Prevalence Odds Ratios for Dental Decay Among Children 6-Months to 12-Years-Old in Rural Communities Near 

La Esperanza, Honduras 

 Bivariate Estimates (logit) Multivariate Adjusted Estimates 

Variable Prevalence 

Odds ratio 

Confidence 

Interval 

p-value Prevalence 

odds ratio 

Confidence 

interval 

p-value 

Pieces of candy (quartiles) 1.14 0.968 – 1.338 0.118    

2.5-5 pieces of candy per day 1.59* 00.941 – 2.694 0.083 2.05** 1.015 – 4.158 0.045 

5-8 pieces of candy per day 1.45 0.854 – 2.445 0.170 2.09** 1.167 – 3.727 0.013 

8 or more pieces of candy per day 1.56* 0.948 – 2.581 0.080 2.95*** 1.600 – 5.432 0.001 

Female 0.74 0.511 – 1.078 0.117 0.72 0.468 – 1.106 0.133 

Number of primary teeth 1.11*** 1.075 – 1.143 0.000 1.92*** 1.663 – 2.209 0.000 

Number of primary teeth squared 1.003*** 1.002 – 1.004 0.000 0.98*** 0.970 – 0.983 0.000 

Grade completed by dad 1.02 0.933 – 1.104 0.726 0.91 0.762 – 1.080 0.272 

Grade completed by dad squared 1.00 0.994 – 1.015 0.439 1.01 0.997 – 1.033 0.104 

Family 1.00 1.001 – 1.005 0.003    

Community 1.07 0.978 – 1.167 0.143    

San Nicolas 1.89* 0.953 – 3.766 0.068 3.90*** 1.480 – 10.253 0.006 

El Rosario 1.38 0.674 – 2.820 0.379 1.37 0.574 – 3.253 0.481 

Rio Grande 3.14*** 1.462 – 6.731 0.003 4.35*** 1.841 – 10.215 0.001 

Belén 1.50 0.757 – 2.957 0.247 2.55* 0.942 – 6.911 0.066 

Rio Colorado 1.59 0.749 – 3.359 0.228 1.77 0.628 – 4.993 0.280 

Las Crucitas 1.16 0.496 – 2.692 0.738 1.07 0.410 – 2.769 0.896 

San Antonio 3.68*** 1.468 – 9.208 0.005 5.17*** 1.742 – 15.337 0.003 

* p<0.10 **p<0.05  ***p<0.01    
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The final regression analysis included 532 six-month to twelve-year-old children 

from eight communities. Children who were in the second quartile of candy 

consumption (2.5 – 5 pieces of candy per day) had over two times the odds of 

having dental decay compared to children in the first quartile (who ate fewer 

than 2.5 pieces of candy per day).  Children in the third quartile of candy 

consumption also had about twice the odds of having dental decay. Children in 

the fourth quartile (8 or more pieces of candy per day) had nearly three times the 

odds of having dental decay compared to children in the first quartile. By 

graphing the prevalence odds ratios, we can see a dose response curve that 

illustrates the increased prevalence of decay in the primary dentition as candy 

consumption increases (Figure 6).    

 

Figure 6: Dose Response to Candy Consumption 
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6. Discussion 

6.1. Principle Findings 

6.1.1. Prevalence of Dental Decay 
 

In this population, the prevalence of dental decay in the primary dentition 

among children with primary teeth is 75%. In that same population, the 

prevalence of decay in the permanent dentition among children with permanent 

teeth is 43%. 

 

Three communities of the eight (San Nicolas, Rio Grande, and San Antonio) 

appeared to have a markedly higher prevalence of dental caries. These 

communities were also significant in the regression model and had about 4-5 

times the odds of dental decay, compared to the community with the lowest 

decay burden, Las Mercedes. Two of these communities, San Nicolas and Rio 

Grande, are four to five times larger than the other communities in the study. 

These larger towns provide more grade levels, employ more teachers, and 

classrooms include a narrower range of grades. For example, Las Mercedes has a 

one-room schoolhouse with one teacher for 36 students, grades one through six.  

San Nicolas has a teacher for each grade and has first through eighth grade. San 

Nicolas and Rio Grande may have either higher socioeconomic status or a 
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broader range of socioeconomic status influencing dental decay. For the broader 

sample, none of the potential socioeconomic indicators were significant, and the 

sample for these communities is too small to assess separately. 

 

San Antonio is much smaller than either of these communities and possibly of 

lower socioeconomic status given that they were the only community without 

piped water. However, San Nicolas is close to San Antonio, and the study 

participants reported to me that some of the students go to school in San Nicolas. 

It is possible that inhabitants of San Antonio interact frequently with San Nicolas 

and are also being influenced by the determinants that are affecting caries 

prevalence in San Nicolas. 

 

Of note, Las Mercedes, the referent community, had the lowest caries prevalence. 

This is the community where the mission trip stays annually. In this community, 

more of the inhabitants have annually received dental hygiene information and 

supplies for the last ten years than inhabitants of other communities. Although I 

have no way to thoroughly evaluate the relationship between the mission and 

the prevalence of dental decay, this is an encouraging observation. 
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6.1.2. The correlation between sugar consumption and dental decay 
 

Sugar consumption is positively correlated with dental decay prevalence among 

children six-months to twelve-years of age in rural Honduras. This is evident 

according to the dose response curve produced by the odds ratios from the 

regression model. This suggests that higher candy consumption leads to a higher 

prevalence of tooth decay. 

 

Drink consumption, however, did not significantly correlate to dental decay. 

This may be due to the low variation in drink consumption. The average number 

of cups of drink per day was 2.74 with a standard deviation of 1.70. Only six 

children did not drink coffee, soda, or juice daily. The most common beverage 

was coffee. Only twenty children out of 532 did not drink coffee daily. It is also 

possible that they did not put as much sugar as expected in the coffee. The 

survey had no measure of the amount of sugar used, so this issue cannot be 

further evaluated through this data set. 

 

Tooth brushing was also not significantly correlated with dental decay. Although 

about half of the children reported brushing their teeth on survey day, there are 

two reasons that this brushing may not have been effective. First, they may have 

poor brushing technique. At the end of each survey, I demonstrated proper 
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brushing technique using a stuffed puppet with teeth and a large toothbrush. I 

then asked the children to show me how to brush their teeth using the puppet. 

Based on their demonstrations, it is likely that, when they do brush, they do not 

brush thoroughly or for a sufficient amount of time to be effective. Additionally, 

the survey data was collected about a month after the Duke medical mission 

visited bringing toothbrushes and toothpaste. This may have artificially inflated 

the prevalence of tooth brushing. In discussions with families, I surmised that 

most people do not buy their own dental hygiene supplies. It is likely that, 

although nearly 50% of those surveyed brushed their teeth on the survey day, 

they do not brush their teeth consistently. 

6.2. Limitations 

6.2.1. Cross-Sectional Design 
 

This was a cross-sectional survey, which provides evidence of the prevalence of a 

disease. Prevalence is a function of both incidence and duration of disease. The 

question must therefore be asked if the results are indicating that sugar 

consumption increases the incidence or duration of dental caries.  

 

There is an accepted mechanism of action by which sugar in the diet causes 

dental caries and therefore increases incidence. After the sugar is consumed, 
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bacteria in the mouth ferment it, producing acid. This acid demineralizes the 

teeth forming caries. Once caries form and are detectable by visual exam, they do 

not heal. The duration of disease is determined by when the primary tooth is 

exfoliated. Candy consumption would not alter this timeline. For these two 

reasons, the results of this regression model are indicating the impact of candy 

consumption on decay incidence rather than decay duration. 

6.2.2. Convenience Sampling 
 

The other main limitation of this survey was that it was conducted using 

convenience sampling. Because convenience sampling is non-random, it is more 

easily biased. One potential source of bias is that offering dental exams may have 

attracted children with more dental caries despite the fact that I was not offering 

treatment for the caries. However, 30% of the study participants had no dental 

decay (160/532). This means that, although the study may have enticed parents of 

children with decay to participate, it certainly did not deter parents from 

bringing children without decay.  

 

Another source of bias may have been the requirement of parent participation. 

One result of this requirement may have been that more proactive parents where 

more likely to participate. These parents may also have been more proactive 
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about dental hygiene for their children. This bias, however, would have 

overestimated the impact of dental hygiene on dental caries prevalence, whereas 

the study found that this determinant was not significant. Requiring parent 

participation may also have lead to the exclusion of families that lived farther 

from the community center. If the families that lived closer had easier access to 

candy, this bias may have overestimated caries prevalence. Of the survey 

participants, 15% ate less than one candy per day, but only 3% never ate candy. 

Although this bias may have overestimated the caries prevalence found by the 

study, the variability of candy consumption should have improved the ability of 

the model to estimate the dose response between sugar consumption and dental 

caries prevalence.  

6.2.3. Other Important Variables 
 

This study did not include a measure of health literacy. Health literacy is the 

ability to obtain, process and understand the basic health information necessary 

to make health decisions (Glassman, 2011). Ability to read is typically used as a 

proxy to measure health literacy due to their strong correlation (DeWalt, 

Berkman, Sheridan, Lohr, & Pignone, 2004). Low reading skills are associated 

with lack of knowledge of healthy behaviors, low use of preventive services, 

unhealthy behaviors, and, more specifically, lack of tooth brushing (DeWalt, 
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Berkman, Sheridan, Lohr, & Pignone, 2004; Vann Jr. , Lee, Baker, & Divaris, 

2010). Although oral health literacy is likely to be an important determinant of 

dental decay in this population, there is little variation in parent education, and a 

literacy assessment was beyond the scope of this study. 

 

I did attempt to approximate parental education through variables assessing the 

level of education completed by the parents of study participants. Unfortunately, 

neither these variables nor any of the other socioeconomic variables assessed by 

the survey were statistically significant. These variables included ownership of a 

radio and parent occupation in addition to the parent education variables. 

Because most community members work in agriculture growing crops for 

personal consumption, community members are not paid regularly offering no 

potential for an income variable. While ownership of an eco-stove, latrine, or 

piped water could be seen as potential economic indicators, these items are often 

donated and may not reflect the financial status of the family. 

6.3. Implications 
 

With 75% of children suffering from primary dental decay, there is a need for 

improved fluoride exposure. One option is water fluoridation. Seven out of the 

eight communities have piped water that comes from a single tank. These tanks 
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are designed to be used to apply chlorine to the water and could easily serve for 

water fluoridation as well. Another option is the application of fluoride varnish. 

It is relatively inexpensive, fast and easy to apply, and only needs to be applied 

twice per year. A third option is to scale up the distribution of toothbrushes and 

toothpaste.  

 

While distributing these supplies is helpful, it is also important to provide oral 

health education. Dental hygiene education through the schools and local clinics 

could greatly increase the uptake of dental hygiene practices and improve 

effectiveness of tooth brushing. Other smaller interventions to improve oral 

health awareness include hanging mirrors in public areas so that children can see 

their teeth, hanging pictures of people with healthy dentition in public areas to 

help people understand that healthy teeth are attainable, and educating parents 

of the relationship between sugar and dental decay. 

6.4. Opportunities for Further Study   
 

There were some interesting questions that this survey left unanswered. I was 

unable to assess access to dental care, or the roles of acid reflux, bacterial 

colonization, or dental crowding on the burden of dental caries.  
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In this population, most caries are left untreated until they are too painful to 

ignore. In order to improve the utilization of dental care, we must first 

understand why current utilization is so low. A second area of concern is that 

several of the children appeared to be suffering from dental decay caused by acid 

reflux. The erosion caused by acid reflux devastates the posterior dentition. 

Further work should be done to determine the prevalence of acid erosion and 

evaluate the best treatment method.  

 

Two other dental health determinants were out of the scope of this study, but 

may contribute to the model of dental health. Many of the children had dental 

crowding, which can facilitate plaque formation. Additionally, some of the 

communities had notably higher decay prevalence. This may, in part, be due to 

oral flora particular to these communities. Although neither of these factors point 

to any obvious interventions in the short term, they would improve our 

understanding of dental health in this population. 
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7. Conclusion 
 

This model shows that increased candy consumption correlates to an increase in 

the prevalence of dental decay in the primary dentition of six-month to twelve-

year-old Lenca children in rural Honduras. It also suggests that there is a 

positive dose-response relationship between dental decay prevalence and candy 

consumption.  

 

The prevalence of caries in these communities is higher than the WHO goal, and, 

with 75% of children suffering from decay of their primary dentition, these 

communities could greatly benefit from a dental health intervention. 

Interventions to be considered include increasing fluoride exposure through 

water fluoridation or fluoride varnish and improving oral health literacy through 

dental hygiene education and educating the communities about the determinants 

of dental decay. 
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