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Abstract 

Title of Thesis: An Association between Sugar-Sweetened Beverage Intake, Body 

Mass Index and Caries Prevalence in Children 6-9 Years Old. 

Name and Degree: Ghalia Bhadila, Master of Science, 2017 

Thesis Directed by: Dr. Norman Tinanoff 

 

Purpose: To determine the relationship between sugar-sweetened beverage 

consumption, body mass index (BMI) and dental caries prevalence in children between 6 

to 9 years old. 

Methods: Parents of 123 children 6 to 9 years-old who visited the Pediatric 

Dental Clinic in the University of Maryland Baltimore participated in this cross-sectional 

study. Using the 15-item Beverage Questionnaire, parents reported the frequency and the 

amount of sweetened beverages their children consumed daily. We obtained height and 

weight of their child to calculate the BMI. Data on presence of dental caries were 

extracted from the electronic dental records.  

Results: 123 children participated in the study; 76 (61.8%) were females and 47 

(38.2%) were males. Mean age of participants is 7.63 years old with the mean BMI is 

18.15. Approximately, 50% of the participants were African American, 23% Hispanic, 

27% reported as others. One hundred and nine is the total number of participants 

reportedly consumed any form of sugar-sweetened beverages with different quantities and 

frequencies. Pearson correlation showed no significant correlation between caries and 

BMI (P=0.18), and no significant correlation between caries and SSB consumption 

(P=0.41). There was no significant correlation between BMI and SSB consumption 

(P=0.64). T-tests demonstrated non-significant difference in the SSB consumption level 

based on caries prevalence (P=0. 41). However, Pearson correlation showed a significant 

correlation between fruit juice consumption and caries (P=0.01), and a non-significant 

inverse correlation between fruit juice consumption and BMI (P=0.17). 
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Glossary 

BMI: Body Mass Index. This is a measure of body composition calculated by 

dividing a person’s weight in kilograms by the square of their height in meters.1   

BMI-for-age percentiles for those 2 to 20 years old:2, 3  

1. “Normal” is defined as BMI-for-age greater than or equal to the fifth 

percentile and less than the 85th percentile;  

2. “At-risk overweight” is defined as BMI-for-age greater than or equal to the 

85th percentile and less than the 95th percentile; and  

3. “Overweight” is defined as BMI-for-age equal or greater than the 95th 

percentile.  

BMI-for-age percentiles for those 2 to 20 years old:4  

1. “Underweight” is defined as BMI-for-age less than the fifth percentile;  

2. “Normal” is defined as BMI-for-age greater than or equal to the fifth 

percentile and less than the 85th percentile;  

3. “Overweight” is defined as BMI-for-age greater than or equal to the 85th 

percentile and less than the 95th percentile; and  

4. “Obese” is defined as BMI-for-age greater than or equal to the 95th 

percentile.  

 

SSBs: Sugar-Sweetened Beverages. Include soft drinks (soda or pop), fruit drinks, 

sports drinks, tea and coffee drinks, energy drinks, sweetened milk or milk 

alternatives, and any other beverages to which sugar, typically high fructose 

corn syrup or sucrose (table sugar), has been added.5  

 



 

xi 
 

HFCS: High Fructose Corn Syrup. 

NHANES: The National Health and Nutrition Examination Survey is a series of 

cross-sectional health examination studies conducted by the Centers for 

Disease Control (CDC) and Prevention’s National Center for Health Statistics 

(NCHS) to assess the health of the U.S population.6  
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Chapter I: Introduction 

 

Factor I: Dental Caries  

Dental caries is defined as a localized destruction of susceptible dental hard 

tissue by acidic byproducts released from bacterial fermentation of dietary 

carbohydrates.7  The process is multifactorial in which food characteristics, saliva 

characteristics, frequency of sugar intake, plaque microbial factors, and oral hygiene 

all play a role.8  However, for dental caries initiation and progression, an acidogenic 

bacterial biofilm and a food source for these microorganisms are a necessity.9  

Dental caries is a bacterial-driven, dynamic disease process resulting from an 

imbalance between tooth demineralization and re-mineralization; which occurs 

through out the day. Demineralization results in pH drop and net mineral loss over 

time, consequently, caries lesion will either develop or progress if the caries already 

existed.9, 10  Oral bacteria ferment carbohydrate, producing acids that dissolve tooth 

structure in the dental caries process; thus, SSBs are very likely to increase the risk of 

dental caries.11   

One of the key factors in dental caries development is the increase in the 

exposure time of fermentable carbohydrates by direct contact with dental plaque.12  

Certainly, it is quite evident that more frequent exposure to sugar between meals 

raises the caries activity when compared to sugar consumption at meals.13  The risk of 

experiencing Early Childhood Caries increases to those who are more frequently 

exposed to sugary liquids—such as milk, breast milk, formula, fruit juice, and other 

sweet liquids—for long periods of time.14  

Currently, dental caries is the single most common chronic childhood disease. 

Its prevalence is five times more common than asthma, four times more common than 
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early childhood obesity, and twenty times more common than diabetes.14  Untreated 

caries may lead to invasion of the dental pulp by bacteria that often is associated with 

pain and may cause problems in speech, sleeping and eating patterns in children.15  

The most recent data for dental caries epidemiology was collected in 2011 to 2012, 

the prevalence of caries was 23% in children aged 2 to 5 years old in the United States 

and around 10% of these caries were untreated.16  In the wider age range, age 2 to 8 

years, the prevalence of caries in primary teeth was 37% with a significantly higher 

percentage in both non-Hispanic black and Hispanic children compared to non-

Hispanic white children and around 14% of these caries were untreated.17  Yet, the 

prevalence of caries is decreasing in the older age range, as it is 21% in permanent 

teeth of children aged 6 to 11 years and around 6% of these caries were untreated.17   

 Before the fourteenth and fifteenth centuries, dental caries prevalence was 

ranging from 1.4% to 12.1%. 9  However, since the introduction of sucrose to diet, 

caries prevalence has increased to 25%.9  The phenomenon has reversed with the 

introduction of fluoride to the water and toothpaste, as a huge reduction in the dental 

caries prevalence has occurred. The DMFT in children less than 12 years old has 

dropped from 38.3 to 27.8 between 1971 and 2005.9  

In brief, dental caries is a multifactorial process that mainly requires bacterial 

acidic byproducts to cause dental hard tissue destruction. Frequent sugar consumption 

provides the bacteria with the best environment to initiate caries.  

 

 

Factor II: Childhood Obesity 

Childhood obesity can be considered the most frequent nutritional problem in 

this era.18  Its epidemic is well documented and presents a major public health issue 

due to its adverse medical, psychosocial and economic effects.19  There is difference 
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in the terms which general people do not notice, overweight refers to weight in excess 

of a weight standard, while obesity is surplus body fat.20  

In 2016, it was suggested by Cheung et al. using U.S. Centers for Disease 

Control and Prevention (CDC) growth charts that the annual obesity incidences were 

4% in preschoolers (2 - 4.9 years), 3.2% in school-aged children (5 – 12.9 years), and 

1.8% in adolescents (13 – 18 years). The conclusion of studies to date has showed that 

obesity incidence is the highest among youngest ages and decreases with age through 

adolescence.21 In the United States, the prevalence of obesity in children aged 6-11 

years was more than tripled from 4.2% to 15.3% between 1963-1965 and 1999-

2000.22  In 2010, it was reported that 16.9% of children and adolescents are currently 

obese in United States.23, 24  In fact, between 1970s and 2012,the prevalence of obesity 

in the United States has risen from 5% to 8.4% in children aged 2-5 years, and from 

6.5% to 17.7% in children aged 6-11 years.25  Additionally, the obesity prevalence in 

adolescents aged 12-19 years in the United States was 13.9% in 2011-2012.25   

The complicated interaction between the factors causing obesity makes it 

difficult to fully understand the issue of obesity. Obesity unveils interlinking 

metabolic, genetic, environmental, socioeconomic, cultural and behavioral factors. It 

is well known that positive energy balance (positive energy balance means that caloric 

intake is more than energy expenditure) definitely causes weight gain.26, 27  According 

to Sharma et al, obesity is the most common nutritional disorder in children and over 

the past three decades its prevalence has been increased noticeably.28  Several health 

problems are associated with obesity. According to the World Health Organization 

(WHO), overweight and obese children are at higher risk of developing serious health 

problems including and not limited to type 2 diabetes, high blood pressure, asthma 

and other respiratory problems, sleep disorders and liver disease.29  They may suffer 
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from psychological effects as well, such as low self-esteem, depression and social 

isolation. Childhood obesity increases the risk of obesity, premature death and 

disability in adulthood.29  

 Having a higher BMI has been related to an increased risk for many medical 

conditions. SSBs consumption may lead to the development of type 2 diabetes as 

these beverages have high dietary glycemic load and can elevate blood glucose levels. 

The high glycemic load can promote insulin resistance and glucose intolerance.30  

Overweight increases the risk for cardiovascular disease, high blood pressure, 

hyperinsulemia, type 2 diabetes, and some forms of cancer.30-33  Some of the diseases 

can occur in a higher number in obese people, such as reflux esophagitis, gallstone, 

shortness of breath, sleep apnea, and non-alcoholic liver disease.34  

BMI is the most common metric in use to measure obesity.35  Yet, there are 

several ways to monitor the change in the body mass index adjusted for age in 

growing children: raw (kg/m2) units, BMI percentage, BMI z-scores or BMI 

centiles.36  BMI centile is beneficial for classifying children's adiposity but weak at 

quantifying change in adiposity; making the BMI centile an unsuitable choice for 

measuring changes in adiposity.36  Similar to BMI centile, BMI z-score is useful for 

assessing adiposity cross-sectionally or on a single occasion and it is less than ideal as 

a measure of adiposity change, as the fatter the child its variability gets progressively 

smaller.36  Furthermore, dissimilar to BMI centile, BMI z-score can be summarized 

across subjects for research purposes. BMI z-score is not essentially the best scale for 

measuring alteration in adiposity, as its variability depends on adiposity status.36  

Therefore, BMI percentile and BMI z-score are measures of weight adjusted for age, 

sex and height.35  Better alternatives to BMI z-score are BMI itself or BMI 

percentage.36  The percentage change in BMI performs better than BMI z-score or 
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centile but inferior to raw BMI.36  However, practically adiposity change over time is 

almost equivalent whether measured by BMI or BMI percentage, so the two can be 

used interchangeably.36  Therefore, adiposity change is best measured in practice 

using BMI (kg/m2) or BMI (percentage) units.36  BMI measures can be used for 

childhood obesity screening as best, not for diagnosis37  so it can be considered as a 

practically valuable tool for general public health surveillance.35  

In summary, childhood obesity is one of the most ravaging nutritional 

problems affecting children with several short and long-term health consequences. 

Interferences to restrict its spread need in depth understanding of the factors 

contributing to its incidence. Using raw BMI and/or BMI percentage are the best two 

measurment tools to screen for childhood obesity. 

 

 

Factor III: Sugar-Sweetened Beverages (SSBs), 100% Fruit Juice and 

Milk Consumption 

Sugar-sweetened beverages include but are not limited to soft drinks (soda), 

fruit drinks (include all fruit punches and fruit nectars with added sugar), fruit drinks 

made by adding water to powder and energy drinks. Sugar Sweetened Beverages 

(SSBs) account for the major cause of added sugar to the diet of US children.38, 39  

Although SSBs intake among U.S children and adolescents has dropped recently, 

SSBs consumption is still high among U.S youth.40  According to nationally 

representative data (NHANES 2009-2010), 4.5% of daily energy intake (or 

69kcal/day) is derived from SSBs among U.S children aged 2-5 years old, and 6.3% 

of daily energy intake (or 118 kcal/day) is derived from SSBs in children aged 6-11 

years old.41  The SSBs are considered to have more fattening than solid foods because 

liquid sugars do not cause a sense of satiety. Hence, children with high consumption 
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of SSBs might not reduce their caloric intake from other food and drinks, resulting in 

weight gain due to increased total energy intake.42   

One hundred percent fruit juice mainly contains fructose and glucose, 

whereas regular soda and fruit drinks are primarily sucrose and/or high fructose corn 

syrup.11  According to the U.S. Food and Drug Administration, 100% fruit juice is a 

beverage made from fruit, which differs from “juice drinks” that are diluted with 

water and may contain added sugar or other contents.43 Statistics have showed that 

children are the largest group of juice consumers.44  These drinks are over-consumed 

by children because of several reasons: they taste so good to them, and they are 

packed in a way to be easily carried around during the day.44  Besides the fact, 100% 

fruit juice is considered a healthy beverage choice, which often costs less than milk 

and the marketing trend of increasing the amount of fruits and vegetables in diet may 

promote juice consumption as an alternative.45  100% fruit juice contains the same 

amount of sugar as soft drinks11  and can be cariogenic with frequent consumption46, 

47 . The American Academy of Pediatrics recommends that young children should 

limit their consumption of 100% fruit juice to 4-6 ounces per day.44  Additionally, 

after the 2010 Healthy Hunger Free-Kids Act, there was a call for the U.S Department 

of Agriculture to replace 100% fruit juice in school meal by whole fruit to help 

prevent obesity.48  

 Soft drinks are considered “extra food” as they have minimal nutritional 

value and significant amounts of sugar.49  In the United States, a 12-oz serving (1 can 

of soda) contains 40 grams of sugar in the form of high fructose corn syrup 

(approximately 45% glucose and 55% fructose), which is equal to 9.75 spoons of 

sugar.32  The growth of obesity epidemic has been detected increasing in parallel with 

the overconsumption of high fructose corn syrup (HFCS), used to flavor sweetened 
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beverages in USA.50  HFCS is found in nearly every food containing caloric 

sweeteners and in United States it is the only caloric sweetener in soft drinks.50  HFCS 

is made by enzymatic isomerization of glucose into fructose as HFCS-42 containing 

42% fructose in 1967 and HFCS-5- containing 50% fructose in 1977. Since that time, 

HFCS is used as the main sweetener for soft drink factories. Fructose differs clearly 

from glucose in digestion, absorption and metabolism.50  Glucose enters the human 

cells by a transporter called Glut-4, that is insulin dependent.51  This results in insulin 

receptors activation and hence, increases the number of glucose transporters on the 

cell surface and enables glucose entry.51  Inside the cell, the intracellular glucose 

metabolism starts by phosphorylation of glucose to become glucose-6-phosphate by 

glucokinase enzyme.51  Then, the glucose-6-phosphate is transformed to become a 

glycerol backbone of triacylglycerol by phosphofructokinase enzyme.51  The step of 

triacylglycerol production is under strict control of the intracellular enzymes.51  

Fructose enters the cell by a transporter called Glut-5, which does not depend on 

insulin.51  This transporter is not present in the brain cells and pancreatic B cells, 

which limits fructose entry to these cells. This explains the ability of glucose to 

provide satiety signals to the brain while fructose cannot, as it is not transported to the 

brain.51  Inside the cell, fructose is phosphorylated to fructose-1-phosphate51  and 

further cleaved to facilitate synthesis of triacyglycerol and long-chain fatty acids.52  

Therefore, fructose as in SSBs is a precursor to obesity by providing the carbon 

skeleton of triacyglycerol and long-chain fatty acids in human body. Bray et al. 

suggested an observation of the increase in the obesity rates in the United States with 

the concurrent use of HFCS indicating that the overconsumption of HFCS in 

calorically sweetened beverages could play a role in the obesity.50  
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 In contrast, studies have shown that milk has a neutral PH, contains calcium 

and electrolytes that can maintain caries hemostasis in the oral cavity.53  A cluster 

analysis of data from the Third National Health and Nutrition Examination Survey, 

found a lower caries severity in primary dentition in children consuming high 

amounts of milk.54  The same study suggested that children who consume > 17 oz. of 

100% fruit juice are more likely to have caries compared to high water or milk 

consumers.54  

Based on these findings, the American Academy of Pediatrics has policy 

statement that there should be a reduction of soft drink consumption and ban sale of 

soft drinks in school vending machines, as these soft drinks are leading source of 

added sugar in the adolescents’s diet.55  They also recommended that consumption or 

advertising of sweetened soft drinks should be eliminated within the classrooms.55  

In 2015, a policy statement “Sugar-Sweetened Beverages and Snacks at 

Schools “ issued by the American Academy of Pediatrics also stated that schools are 

allowed to sell plain or carbonated water, unflavored low-fat milk, unflavored or 

flavored fat-free milk and milk alternatives (as permitted by the school meal 

programs), and 100% fruit and/or vegetable juice, with or without carbonation or 

dilution with water but containing no added sweeteners.56  With the exception of 

water, portion sizes of other beverages are limited to 8 oz for elementary school 

children and 12 oz for middle and high school children.56  High schools are permitted 

to sell extra beverage options, for example, calorie-free, flavored, or unflavored 

carbonated waters or other calorie-free drinks (≤5 kcal per 8-oz serving and up to 10 

kcal per 20-oz serving size).56  

Most fluids containing added sugars have been banned by the new standards, 

though, not all added sugars were eliminated.56  The most controversial use of added 



 

9 
 

sugar in schools secondary to soft drinks is flavored milk, which the new standards 

allowed.56  Flavored milk is a good example of the balance needed to restrict the 

amount of added sugar and at the same time promote nutrient-rich food. Several 

schools decided to ban flavored milk and provide lower fat non-flavored milks only.56  

Out of the school environment, whole and 2% milk account for nearly three-quarters 

of the milk consumed by children, whereas 1% and nonfat milk combined account for 

only 20%.57  In contrast, inside schools, flavored milk account for more than 70% of 

all milk consumed; 38.5% of milk, however, is nonfat and 51% is 1% fat.58  Some 

studies demonstrated that flavored milk consumption is not associated with weight 

gain or a higher total daily sugar intake in children.59, 60  The new USDA standards 

direct schools to offer only a nonfat variety, thus reducing calories and saturated fat, 

instead of prohibiting sugar-sweetened flavored milk. This modification was done in 

appreciation that milk is a primary source of three of the four nutrients (calcium, 

vitamin D, and potassium).56   

In conclusion, there is a difference in the type of sugar presents in 100% fruit 

juice and SSBs. SSBs are the largest source of added sugar to the diet of U.S. children 

with varying degrees according to their respective age. Giving to the new standards, 

majority of fluids with added sugars are banned at schools but not all are eliminated. 

 

 

Obesity and Sugar-Sweetened Beverages (SSBs) 

Extensive studies have been established to examine a correlation between the 

frequency and the amount of SSBs consumption and the prevalence of obesity. With 

few exceptions, the majority of evidence available supports the association of higher 

body mass index with caloric beverage consumption. In 2014 a longitudinal study was 

conducted in Georgia to examine whether SSBs intake during infancy predicts obesity 
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at age of 6 years old.61  In this study, they mailed 11 questionnaires to the mothers at 

different child stages between 2005 and 2007. The follow up term of the study was 6 

years and their results showed that the prevalence of obesity at age of six was twice as 

high in children who consumed SSB during infancy as compared to non-SSB 

consumers.61  Moreover, their analyses showed that children who consume SSB 

greater than three times/week during age 10 to 12 months had twice the odds of 

obesity in comparison to non-SSB consumers. This can indicate that SSB 

consumption during infancy might be a possible risk factor for obesity in early 

childhood.61  Malik et al. studied the relationship between SSBs and weight gain in 

2013 in a systematic review of thirty-two original articles with 15 cohort and 5 

randomized clinical trials in children.62  The results showed that in cohort studies 

there was a positive association between BMI and SSBs consumption as one daily 

serving (12-oz) of SSBs was associated with a 0.06 unit increase in BMI in children 

over a 1-year period.62  Additionally, the randomized clinical trials in children showed 

a reduction in BMI gain when the consumption of SSBs was reduced. Accordingly, 

the sensitivity analyses of RCTs in children showed more noticeable benefits in 

preventing weight gain in SSB substitution trials when compared to school-based 

educational programs and among overweight children when compared to normal-

weight children. The conclusion of this systematic review and meta-analysis supports 

the evidence that SSBs consumption promotes weight gain in children and adults.62  

Ebbeling et al. conducted a randomized clinical trial in 2012 to test the 

hypothesis that overweight and obese adolescents receiving an intervention to reduce 

the consumption of SSBs would gain weight at a slower rate compared to those who 

did not receive the intervention.63  They used a multicomponent intervention method 

to reduce the consumption of SSBs in the experimental group including home 
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deliveries of non-caloric beverages, motivational phone calls, check-in visits, mailed 

written intervention messages.63  Their outcomes demonstrated that the increase in 

BMI was smaller in the experimental group than in the control group after a 1-year 

intervention but not at the 2-year follow-up.63 In the same year, a double blind 

randomized intervention study was conducted in Amsterdam, Netherland for 18 

months to test the effect of masked replacement of SSBs with non-caloric, artificially 

sweetened beverages on weight gain.64  They provided the children with 1 can (8-oz) 

per day of non-caloric, artificially sweetened, non-carbonated beverage with zero 

gram of sucrose (0 kcal) or a sugar-containing non-carbonated beverage with 26 gram 

of sucrose (104 kcal).64  Their results showed that the BMI z score increased on 

average of 0.02 units in the sugar-free group and by 0.15 units in the sugar group.64  

Moreover, the weight of the children increased by 6.35 kg in the sugar-free group and 

by 7.37 kg in the sugar group. These results derived a conclusion that masked 

replacement of SSB with non-caloric beverages reduced weight gain in normal weight 

children.64  

In contrast, in 2012 Laska et al. examined the extent to which changes in 

adolescent SSB consumption were associated with changes in BMI and percent body 

fat (PBF) on a sample of 693 Minnesota adolescents followed for 2 years. Their 

results showed that diet soda intake was significantly and positively associated with 

BMI and PBF among females. Among males there was evidence of a significant 

longitudinal association between SSBs consumption and PBF; after adjustment for 

energy intake, an increase of one serving of SSB per day was associated with an 

increase of 0.3 units of BMI and 0.7 units of PBF among males.65  

In 2009, a longitudinal study conducted on a sample of 365 low-income 

African-American preschoolers aged 3 to 5 years to examine the association between 
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SSBs consumption and obesity. Baseline consumption of soda and all SSBs were 

positively associated with baseline BMI z-scores.66  The odds of becoming overweight 

at 2 year-follow up among the baseline normal weight children was raised by 4% for 

each additional ounce of fruit drinks consumed at baseline and by 4% for each 

additional ounce of all SSBs consumed at baseline indicating a significant association 

between high consumption of SSBs and increased risk for obesity.66   

 Opposite findings from a study in 2008, which was conducted by Laurson et 

al, on 268 rural children in USA indicated non-significant cross-sectional and 

longitudinal associations between BMI and dietary habits including SSBs 

consumption after 18-month follow up period.67  

A systematic review done in 2006 by Malik et al. on 15 cross-sectional 

studies, 10 prospective cohort studies and 5 experimental studies stated that there is a 

positive association between SSBs intake and obesity in both children and adults.32  

This conclusion is more supported by the large cross-sectional studies and the well-

powered prospective cohort studies done with long periods of follow up.32  The same 

systematic review by Malik et al. concluded that in studies implementing a school-

based intervention for 12 months, there was a significantly less prevalence of obesity 

and overweight in children drinking less soft drinks when compared to the control 

group.32  Finally, Malik et al. recommended more researches in this area although 

sufficient data exist to discourage SSBs consumption for a healthier lifestyle.32   

It was identified by Booth and colleagues that children consuming 2 or more 

cups (46 grams of sugar or more) of soft drink per week are 1.3 times more likely to 

be obese.68  In 2005, Palmer stated that consumption of soft drinks has been 

associated with increased caloric intake, increased body weight, pediatric obesity and 

dental caries.69  In contrast, Blum et al. in 2005 studied the changes in beverage 



 

13 
 

consumption and associations between beverages consumed and BMI in 164 children 

across two years.70  They found a significant increase in diet soda consumption in all 

subjects from baseline to year 2, and both the overweight subjects and subjects who 

gained weight had significantly higher diet soda consumption than normal weight 

participants. Furthermore, they found a shift in the type of beverages consumed in the 

sample with decrease in milk consumption and increase in diet soda consumption over 

the two-year period of the study.70   

In 2004, it was strongly suggested by Apovian and Caroline that SSBs 

consumption is a marker of unhealthy lifestyle and increases the risk for both obesity 

and type-2 diabetes.71  In the same year, Newbay et al. reported an opposing finding 

stating no association between beverage consumption (fruit juice, fruit drinks, milk, 

soda and diet soda) and changes in weight or BMI in a population of low-income 

preschool children in North Dakota. This prospective cohort study was done on 1,345 

low-income Caucasian and Native American children aged 2-5 years participating in 

the North Dakota Special Supplemental Nutrition Program for Women, Infants, and 

Children (WIC) using an 84-item semi-quantitative food frequency questionnaire.72   

Conversely, Ludwig’s et al. in 2001 published the first longitudinal analysis to 

determine an association between the change in SSBs consumption and change in 

BMI and incidence of obesity in school-aged children in Boston-area public schools, 

over two academic years. They found a positive association between sweet beverage 

consumption as non-diet soda and fruit drinks (not 100% fruit juice), weight change 

and obesity in a sample of 548 children age 11 to 12 years.73  Therefore, their findings 

suggested that for each additional serving of SSBs consumed, both BMI and 

frequency of obesity increased and the odds ratio of becoming obese in the study 
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sample increased by 1.6 times for each additional can of SSBs consumed every day. 

However, diet soda was inversely related to obesity in Ludwig’s study.73   

Berkey et al. studied the relationship between BMI changes and the 

consumption of SSBs, milk, fruit juices and diet soda among >10,000 children aged 9 

to 14 years old participating in the U.S. Growing Up Today Study.74  Their results 

showed that milk consumption declined significantly each year, while soda intake 

significantly increased. For boys, linear association between SSBs consumption and 

weight gain was noted. For girls who reported one daily serving of SSB gained more 

BMI significantly. These findings derived a conclusion that consumption of sugar-

added beverages was associated with small BMI gains.74  

In conclusion, from the abovementioned different studies, we find conflicting data 

regarding the relationship between SSBs consumption, 100% fruit juice consumption 

and childhood obesity. Some of the studies showed a positive association, some did 

not find associations and some had mixed conclusions. 

 

 

Obesity and Dental Caries 

Many studies throughout different countries have been evaluating the 

association between body mass index (BMI) and dental caries. Some authors found an 

association between dental caries and high BMI, while some other authors did not 

find a definitive association. A recent study conducted in Thailand 2016, examined 

the association between dental caries and body mass index and diet in a sample of 100 

children aged 6 to 12 years old. Caregivers were asked to retrospectively record the 

child’s diet detail for 3 days. The results of this retrospective cross-sectional study 

were that overweight and underweight children did not have a significantly different 

number of DMFT than normal weight children. The number of DMFT did not 
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correlate with reported sugar or carbohydrate consumption. The study concluded that 

no significant association between BMI and dental caries and the amount of sugar 

consumption and dental caries.75   

Another study that was done in Kuwait in 2013, found an inverse relationship 

between dental decay and obesity with the reduction in tooth decay, as a function of 

BMI was greater in male children. This cross-sectional study was done on 8,275 

children of an average age 11.36 years. Their results showed a decrease in dental 

caries from 15.61% in underweight children, to 13.03% in normal weight children, to 

9.73% in overweight children to 7.87% in obese children.8   

In 2012, a systematic review looked at 14 studies investigating the relationship 

between obesity and dental caries in children, and resulted into that there is an overall 

significant relationship between childhood obesity and dental caries (p=.05). 

However, when analyzed by dentition type (primary vs. permanent), there was no 

significant association of obesity and dental caries in primary and permanent 

dentition. They also found that based on the quality assessment they used, the study 

by Macek and Mitola was the most heavily weighted study and showed no significant 

association between BMI-for-age and dental caries in both dentitions.76   

In 2010, a cross-sectional study in Mexico was conducted to determine the 

association between obesity and dental caries in 1,160 children aged 4-5 years. The 

BMI categorization was based on CDC 2000 and the caries diagnosis was based on 

the WHO criteria. Their results showed an association between being overweight and 

the prevalence of dental caries, as a higher percentage of caries in at-risk of 

overweight children was found when compared to those who are not. Children who 

were at-risk overweight have a 1.94 times greater risk of dental caries. The risk of 

caries was 1.95 times greater in overweight children.18   
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Supporting findings were found in a cross-sectional study done in Sweden, as 

a part of longitudinal surveys of oral health in children who were 1 year of age in 

1988 followed from the ages of 1 to 15 years.77  Information about snacking habit 

including soft drinks and fruit soups were collected at age of 1 year and 3 years old. 

Caries information was collected by taking bitewings at age of 15 years old in a 

sample of 402. Alm et al. concluded that “Overweight and obese adolescents had 

more approximal caries than normal-weight individuals”. Moreover, the results stated 

that there is a positive relationship between obesity and dental caries.77   

In contrast, a study in 2008 conducted on 2,651 age one to five years old 

children in Brazil concluded, “No relationship was found between dental caries and 

obesity”. Their study results showed a smaller DMFT index in non-obese compared to 

the obese individuals.78   

A study done by Kopycka-Kedzierawski et al. examined the relationship 

between overweight and caries in primary and permanent dentition in a nationally 

representative sample of children.79  The study represented the findings from national 

surveys done in 2008 in the US and supported that there is no evidence that 

overweight children are at increased risk for dental caries. Their results showed that 

for children 2 to 5 years of age, there was no difference in caries experience among 

normal weight, at risk for overweight or overweight children for NHANES III and for 

NHANES 1999–2002. For children 6 to 11 years of age (NHANES III), at risk for 

overweight and overweight children were less likely to have caries experience in the 

primary dentition than normal weight children; overweight children were less likely to 

have caries experience in the permanent dentition than normal weight children. 

Additionally, for children 12 to 18 years of age (NHANES III), overweight children 

were less likely to have caries experience in the permanent dentition than normal 
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weight children. Finally, for children 6 to 11 years of age and 12 to 18 years of age 

(NHANES 1999–2002), there was no difference in having caries experience among 

normal, at risk for overweight and overweight children.79   

In 2007, a cross-sectional study in Germany investigated the association 

between caries and body mass index in 1,290 children aged 6 to 11 years old.80  They 

found a significant association between height, weight and caries frequency in both 

primary and permanent dentitions.80   

In 2006, Macek stated that controlling for confounders, there is no statistically 

significant association between BMI-for-age and dental caries prevalence for children 

in both primary and permanent dentition.81   

To summarize, there have been different research studies to ascertain the 

association, if any, between BMI and dental caries. The available studies considering 

the association between obesity and dental caries are still conflicting and 

inconclusive.  

 

 

SSBs and Dental Caries 
 

The role of diet as a direct cause of dental caries has been extensively 

reported, and specifically, the role of SSBs as a cause of dental caries has been 

extensively addressed.  

A longitudinal study published in 2015 by Park et al. examined the association 

between SSBs intake during infancy and dental caries at age of 6 years old concluded 

that frequent SSBs consumption during 10-12 months of age was significantly 

associated with increased dental caries among 6 year olds. The study was done on 

1,274 U.S children from the largest longitudinal study of Infant Feeding Practice 

Study (IFPS) across the United States to its follow up run when the children were 6 
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years old. They found that the proportion of children with at least one dental caries by 

6 years of age was highest in children who were fed SSBs ≥ 3 times/week at 10–12 

months of age, and the frequent consumption of SSBs during 10-12 months of age 

raised the chance of having dental caries in their lifetime 83%.82   

Vargas and colleagues conducted a study in 2014 to assess the relationship 

between 100% fruit juice consumption and caries among U.S. preschool children. The 

study analyzed the data from 1999-2004 NHANES of 2,290 children age 2-5 years 

old whom had completed dental examination and dietary recall data. They found non-

significant association between dental caries (dft) in young children in NHANES 

1999-2004 and 100% fruit juice consumption in the previous 24 hours.6   

In support of the previous study, Evan et al. conducted a small cross-sectional 

study to examine the association between specific dietary intake behaviors, as 

consumption of added sugars, SSBs, and 100% fruit juice, as well as eating 

frequency, and the presence of severe ECCs in a diverse sample of low-income, 

racially diverse young children at children’s medical centers found that 100% fruit 

juice was not associated with severe ECC. However, they found that children who 

consume 5 oz. SSB/day are up to 4.6 times more likely to have severe ECCs 

compared with those who consume 1 oz. /per day. Additionally, children with severe 

ECCs consumed 3.2-4.8 fl oz. more SSBs than caries-free children. After controlling 

for age, sex, race/ethnicity, maternal education, recruitment site, and family size, 

children with the highest SSB intake were 2.0 to 4.6 times more likely to have severe 

ECCs compared with those with the lowest intake.83  

In 2008, a two-year longitudinal study in Detroit, MI investigated the 

cariogenicity of sugared drinks in low-income black children in a study sample of 

Black children aged up to 5 years with family income lower than 25th percentile of 
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the federal poverty guidelines.84  Data were collected from 369 children using the 

2000 Block Kids Food Frequency Questionnaire (Kids FFQ) focusing on three 

beverage variables (soft drinks, milk and 100% fruit juice). They divided the children 

based on the beverage consumption pattern change into: High-High Milk-Juice group, 

Low-High Soft Drinks group, High-Low Soft Drinks group and High-High Soft 

Drinks group. They found that children with a high consumption of soft drinks, or 

who increase their soft drink consumption, were at a higher risk of developing new 

dental lesions. They also found that 100% fruit juice was protective against caries, 

moreover, milk and juice could be used together as a non-cariogenic reference. Lastly, 

children who had high consumption of 100% fruit juice had high consumption of milk 

as well.84   

 An interesting study was conducted on rat models in 2005 to compare the 

cariogenicity of various fluids: Cola, honey, cow milk, human milk and sucrose.85  

The study was run for 14 days and the test fluids were the only substance provided to 

the animals. Cola, sucrose and honey were the most cariogenic and resulted in 

smooth-surface caries. Human milk was significantly more cariogenic than cow milk 

but far less cariogenic than honey, sucrose or cola group. In addition, animals fed 

human milk experienced significantly more smooth surface dental caries compared to 

those fed cow’s milk. The authors suggested one reason for this difference is because 

human milk contains 7% lactose while cow milk contains 5% lactose, moreover, the 

composition of cow milk differs from that of human milk.  The authors concluded that 

cow’s milk had a relatively low cariogenicity compared to human’s milk. 

Interestingly, there was a significant difference in the weight gain among the groups, 

with the group that was fed cow milk showed the most weight gain.85  
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Marshall et. al in 2005 lead a longitudinal study describing the association 

between caries experience and daily total exposure to beverages and foods in children 

participated in Iowa Fluoride Study.86  Using the data collected from a 3-day diaries 

and dental examination from 634 children, they found that children with the highest 

consumption of soda pop had an increased caries experience compared to children 

with lower consumption. Moreover, children with highest exposure to all sugared 

beverages had an increased risk of caries when compared to children with lower 

exposure. Therefore, they concluded that sugar-sweetened beverages consumption 

showed a negative effect to oral health regardless of the consumption timing, while 

100% fruit juice showed a lesser negative effect on the oral health.86  

Another longitudinal study by Marshall et al. conducted in 642 children in 

Iowa to describe associations between caries experience and different beverages 

intake using three-day diet records. The results of this study were that consumption of 

regular soda pop, regular powdered beverages, and, to a lesser extent, 100% juice was 

associated with increased caries risk. Low intakes of 100% juice were associated with 

a lower incidence of caries. Any intake of 100% juice was associated with an 

increased extent of caries; however, milk had a neutral association with caries.11  

As discussed above, studies showed the higher consumption of any of the 

SSBs and 100% fruit juice would lead to higher risk of having dental caries.  

 

Summary of the Introduction 

Childhood obesity contributes to both immediate and long-term health 

problems and it is a serious public health problem that requires preventive measures 

to be established sooner than later. Not to mention, prevention is more worthy than 

treatment, thus, factors associated with the onset of obesity should be studied and 
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modified to prevent its spread. One of the major factors affecting the prevalence of 

obesity is the diet, and to be specific, the amount and frequency of SSBs consumed. 

These beverages mainly contain fructose corn syrup, which is highly associated with 

dental caries development. The linkage between these three factors (obesity, SSB 

consumption and dental caries) has not been studied enough and for this reason, this 

study has been conducted.  
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Purpose of the Present Study 

Sugar-sweetened beverages (SSBs) consumption is a known common risk factor 

for the development of dental caries and obesity.87  Because of the common risk 

factors, there maybe relationships between SSB consumption, body mass index (BMI) 

and caries prevalence in 6 to 9 year-old children. The dependent variables are BMI, 

caries prevalence only in posterior primary teeth and permanent 1st molars. The 

independent variables are: how often and how much SSB are consumed per day, 

ethnicity, age and gender.  

Hypotheses 

Null Hypotheses 

H0: There is no association between sugar sweetened beverage consumption and 

dental caries. 

H0: There is no association between sugar sweetened beverage consumption and body 

mass index. 

H0: There is no association between dental caries and body mass index. 

             Research Hypotheses 

H1: There is an association between sugar sweetened beverage consumption and 

dental caries.  

H1: There is an association between sugar sweetened beverage consumption and body 

mass index. 

H1: There is an association between dental caries and body mass index.  
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Chapter II: Materials and Methods 

Parents of children, ages 6-9 years, that had a dental appointment at the 

University of Maryland, School of Dentistry, Pediatric Dental Clinic were approached 

to participate in this single-site cross sectional study. The study involved obtaining 

height and weight of the child, observing from the dental record if the child had ever 

experienced dental caries and filling out a brief questionnaire regarding the daily 

amount and frequency of their child’s consumption of SSBs.  

Pilot Study 

A pilot study consisted of 10 children aged between 6 to 9 years-old has been 

conducted to evaluate the feasibility of the current study, acceptability of  the 

questionnaire by the parents, time needed to fill the questionnaire and determine 

statistical variability (effect size) for sample size determination prior to the large-scale 

research. Using G*Power 3, a priori analysis based on statistical power of .80, type I 

error of 0.05, and a correlation coefficient of .20 yielded a sample size of 193. Based 

on a previous study by Evans et al. (2013)83 , effect sizes were calculated for the 

differences in sugar-sweetened beverages based on dental caries. A priori analysis 

based on statistical power of .80, type I error of 0.05, and average effect size of 0.47 

yielded a sample size of 146. However, a sample of 150 eligible children was sought 

to secure complete data for the large study and meet the requirements of the project. 

Sample collection for the main study started and lasted from October 6 to December 

23, 2016.  

IRB Submission 

The pilot study was approved by the University of Maryland Institutional 

Review Board (IRB) during the summer of 2016. Later on, the IRB was re-submitted 

and approved (Appendix A) for the modified sample size to conduct the main study. 
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Main Study 

Population 

Children and their parents who presented to the pediatric dental clinic at the 

University of Maryland for routine dental care were given the opportunity to 

participate in the study. One hundred twenty-three children aged between 6 to 9 years-

old were participated in the study. Due to the data collection time restrictions, we 

were not able to reach the one hundred fifty target of subjects. The selection was 

based on the following criteria: children aged 6 to 9 years-old with ASA physical 

status I or II. All ethnicities were included. Children excluded were medically 

compromised (ASA III & IV) children, those who were out of the age range of the 

study and patients who did not speak English. 

Questionnaire 

Quantity and frequency of SSB that the children consume were determined by the 

modified version of the Beverage Intake Questionnaire.88  It is a quantitative food 

frequency questionnaire used to estimate the daily intake of water and SSBs that has 

been validated in previous study.88  It was modified to eliminate questions regarding 

consumption of alcoholic beverages, and hot chocolate and milk shakes were added to 

the questionnaire (Appendix B). The beverage section of the survey had 15 Items on 

the frequency and quantity of drinks consumed. The items were: water, 100% fruit 

juice, 100 % vegetable juice, sweetened juice beverage/drink, whole milk, reduced fat 

milk (2%), Low fat/fat Free milk (skim, 1%, buttermilk, soy milk), regular soft drinks, 

diet soft drinks/artificially sweetened drinks, sweetened tea, tea or coffee, with cream 

and/or sugar  (includes non-dairy creamer), tea or coffee, with/without artificial 

sweetener (no cream or sugar), meal replacement shakes/ protein shakes, energy/sport 

drinks and hot chocolate. The questionnaire had three parts: water, sugar-containing 
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beverages (100% fruit juice and 100% vegetable juice), and sugar-sweetened 

beverages (the rest of the items in the questionnaire). The demographic questions 

asked about age, ethnicity and gender. The average completion of the survey was 3 

minutes, which made it well accepted by parents.  

Consent Form 

If the parents were interested in participating, they signed the consent form 

(Appendix C) prior beginning the research procedure. A verbal assent (Appendix D) 

was obtained from every participating child. Parents were informed that participation 

is voluntary and there will be no alterations in the routine dental visit and that the 

procedures of the interview will take less than 3 minutes. The parents and children 

were told that there are no rewards, compensation or direct benefit of the study. 

Data collection 

The participants were asked to provide information on the demographic 

characteristics (age, gender and ethnicity) and health status. Prior to administering the 

surveys, instructions were given on how to answer the survey questions. One or the 

two parents filled the beverage consumption questionnaire. It was explained to them 

that we are only counting liquid when consumed as beverages only (milk with cereals 

is not counted).  Once the subject completed the survey, their heights and weights 

were taken.  

Height and weight 

Both the weight and height of each participant were measured using a Health o 

Meter scale. The participants were instructed to empty their pockets and take off their 

shoes before standing on the scale.  The body weight measured to the nearest 0.2 kg. 

The height and weight were used to calculate the BMI (BMI = Kg/m2). For the height 

measurement, the children were instructed to stand erect with their shoulders level, 
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hands to the sides, and head in neutral position to ensure even weight distribution on 

each of their feet. They were asked to adjust the angle of their head by moving the 

chin up or down and to look forward. Height of the subjects was recorded to the 

nearest .5 of a centimeter.  

Caries prevalence 

As part of the routine dental visit, the child’s dental caries experience was obtained 

from their dental record that included past and possibly present radiographs. Caries 

prevalence was recorded as Yes or No. We recorded the caries prevalence only in the 

posterior primary teeth and the permanent first molars because of the usual missing of 

the anterior teeth at this age range. 

Data Entry 

All of the data collected from the surveys were entered into Excel spreadsheets. To 

maintain anonymity, each of the subjects had a random identification number that 

corresponded to the number that was on their questionnaire. The random number was 

used for data entry and analysis.  

Data were coded so for the serving sizes and the following was used for the 

number of fluid ounces consumed: 0=< 8 fl. oz., 1=8 fl. oz., 2=12 fl oz., 3=16 fl. oz., 

4=more than 20 fl. Oz. The guide to determine the frequency of consumption: 0 = 

Never or less than once a week, 1 = one time per week, 2= 2-3 times per week, 3= 4-6 

times per week, 4= one time per day, 5= 2+ times per day, 6= 3+ times per day. 

Some of the beverages investigated (i.e. water, 100% fruit juice, fruit drinks, milk, 

regular soda, diet soda, energy drinks and others) were categorized for comparison 

purposes. For milk, there was an additional category for the type of milk (Whole milk, 

2% fat milk and fat-free) consumed.  
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Statistical Analysis 

The data from the questionnaires and all forms were entered into SPSS statistical 

analysis software (version 21.0, SPSS Inc., Chicago, IL). All entries were double-

checked for accuracy. The de-identified data were only accessible to those directly 

involved in the study. Descriptive statistics were used to analyze the distribution of 

the children’s age, ethnicity, BMI and gender. The continuous variables were assessed 

for normality by skewness values, histograms and boxplots. The data were analyzed 

using a chi-square test for categorical variables. An independent sample t-test and 

analysis of variance (ANOVA) were used for continuous variables. In the chi-square 

outputs, the continuity correction value was used in 2 x 2 tables; otherwise, the 

Pearson chi-square value was used. The association between SSB consumption, 

demographic data (age, ethnicity and BMI) and caries prevalence was tested by the 

independent sample t-test. Analysis of variance (ANOVA) was used also to compare 

the mean score between the groups. An F value was calculated if there was 

homogenicity of variances. The skewness was set for +/- 1.5 as an acceptable range.  

Any variation of skewness was treated by an applicable transformation such as 

Natural log (Ln) usage. The variables were transformed into their natural log (Ln) to 

create lognormally distributed graphs and restore symmetry. Statistical significance 

was set at a P-value of .05. Some additional variables were created; a diet milk 

variable was created to indicate both reduced fat milk and low fat milk. A natural 

juice variable was created as well to include both fruit juice and vegetable juice. 

Additionally, high caloric drink variable was added to indicate hot chocolate, energy 

drinks, and meal replacements. Once all the subject data was entered into the 

spreadsheet, statistical analysis was completed. 
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Chapter III: Results 

Demographics 

One hundred twenty-three children participated in the study; 76 (61.8%) were 

females and 47 (38.2%) males. Mean age of participants is 7.63 years old (SD=1.07) 

with the mean BMI is 18.15 (SD=3.17). Sixty-five participants (52.85%) were normal 

weight, 23 participants (18.70%) were overweight, 32 participants (26.01%) were 

obese and 3 subjects  (2.44%) were underweight. Approximately, 50% of the 

participants were African American, 23% Hispanic, 27% others. Participants’ age 

ranges between 6 and 9 years old, with 25 subjects (20.3%) at age of six, 26 (21.1%) 

subjects at age of seven, 41 (33.3%) at age of eight and lastly 31(25.2%) at age of 

nine. One hundred and seven participants (87%) had caries, while 16 participants 

(13%) showed no dental caries.Table.1 describes the study sample characteristics 

regarding the BMI, caries prevalence, ethnicity, age and gender. 

Table 1. Study sample characteristics of participants showing mean BMI, distribution 

of caries, ethnicity, age groups and gender.  
BMI [Mean (SD)] 18.1 (3.17) 

Caries [N (%)] 

Yes 107 (87%) 

No 16 (13%) 

Ethnicity [N (%)]  

White 19 (15.4%) 

African-American 61 (49.6%) 

Hispanic 28 (22.8%) 

Other 15 (12.2%) 

Age [N (%)]  

6 years old 25 (20.3%) 

 

7 years old  26 (21.1%) 

8 years old 41 (33.3%) 

9 years old 31 (25.2%) 

Gender [N (%)] 

Female  76 (61.8%) 

Male 47 (38.2%) 
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Both the histogram of the BMI values in the study population (Figure 1) and the 

histogram of the study population age (Figure 2) showed a normally skewed 

distribution. 

 

Fig.1.Histogram of the BMI values of the study population of 6 to 9 years-old        

showing that the BMI levels were normally distributed. 

 

 

 

 

 

 

 

 

 

           

 

 

 

Fig.2. Histogram of the age of the study population showing that the age levels were 

normally distributed. 
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BMI Distribution by Age Group, Ethnicity, Gender and Caries Prevalence 

A one-way analysis of variance between groups was conducted to explore the 

impact of age on the BMI level. Subjects were divided into four groups according to 

their age (group 1 = 6 years old, group 2= 7 years old, group 3= 8 years old, group 4= 

9 years old). There was a non-significant difference in the BMI level for the four age 

groups: F (123) =1.95, P=0.13. 

An independent sample t-test was conducted to compare the BMI score for 

participants based on the ethnicity. There was no significant difference in the BMI 

scores in the African American participants (M=18.48, SD=3.28) and non-African 

American participants (M= 17.83, SD=3.05), T (123) = 0.96, P=0.26 (two-tailed). 

An independent sample t-test was conducted to compare the BMI score for 

participants based on their gender. There was no significant difference in the BMI 

scores for male participants (M=18.05, SD=3.09) and female participants (M= 18.22, 

SD=23, T (123)= 0.39, P=0.78. 

An independent sample t-test was conducted to compare the BMI score for 

participants who had or had not caries. There was non-significant difference in the 

BMI scores for participants who had caries (M=18.01, SD=3.12) and participants with 

no caries (M= 19.13, SD=3.38), T (123) = 0.86, P=0.18.  
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Table 2. BMI distribution in the study population statistically calculated by ANOVA 

for age groups, calculated by independent sample t-test for ethnicity and gender, and 

calculated by t-test for caries prevalence. 

 

Caries Prevalence Distribution by Age Group, Ethnicity, and Gender  

Out of the 107 of participants who had caries, 22 (20.6%) were at age of six, 

an equal number of participants 22 (20.6%) were at age of seven, 36 (33.6%) were at 

age of 8 and lastly 27 (25.2%) were at age of nine years old. Pearson Chi-square test 

was conducted and indicated no significant differences in caries prevalence based on 

age, x2 (3, n=123) =0.18, p=0.98. 

 

 

BMI 

Mean (SD) 

 

P-value* 

Age 

6 years old 

 

17.3 (3.05) 

 

 

 

0.13 7 years old  

 

17.7 (2.55) 

 

8 years old 

 

18.3 (3.09) 

 

9 years old 

 

19.2 (3.65) 

Ethnicity 

African-American 

 

18.5 (3.28) 

 

 

0.26 

Non African-American 

 

17.8 (3.05) 

Gender 

Female 

 

18.2 (3.23)  

0.78 

Male 

 

18.1 (3.099) 

Caries  

Yes 18.0 (3.12) 

 

 

0.18 

No 19.1 (3.38) 
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Of the 107 participants who have caries, 51 (47.67%) were African Americans 

and 56 (52.33%) were other ethnicities. A Chi-square test indicated no significant 

association between ethnicity and caries status, x2 (1, n=123) = 0.70, p=0.40. 

Regarding the 107 participants who had caries, 40 (37.4%) were males and 67 

(62.6%) were females. The results of a Chi-square test comparing the caries status 

based on the gender, demonstrated a non-significant difference, x2 (1, n=123) =0.05, 

p=0.83. Thus, the proportion of females who have dental caries wasn’t statistically 

significant from males who have dental caries.  

 

Table 3. Caries prevalence distribution in the study population statistically calculated 

by Chi-square test for age groups, ethnicity and gender. 

 

 Caries N (%) P-value* 

No Yes 

Age 

6 years old 

 

3 (12%) 22 (88%)  

 

0.98 7 years old  

 

4 (15.3%) 22 (84.6%) 

8 years old 

 

5 (12.2%) 36 (87.8%) 

9 years old 

 

4 (12.9%) 27 (87.1%) 

Ethnicity 

African-American 

 

10 (16.4%) 51 (83.6%)  

0.40 

Non African-American 

 

6 (9.7%) 56 (90.3%) 

Gender 

Female 

 

9 (11.8%) 67(88.2%)  

0.83 

Male 

 

7 (14.9%) 40 (85.1%) 

 

 

 

Gender and its Correlation to Ethnicity and Age 
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Of the 76 females who participated in the study, 43 (56.57%) were African 

American, while 33 (43.43%) were non-African American. A Chi-square test 

demonstrated a marginal difference in gender based on ethnicity, x2 (1, n=123) =3.19, 

p=0.074.  

 

Fig.3. Distribution of ethnicity based on the gender difference in the study population. 

 

 

 

 

 

 

            

 

Out of the 76 females participated in the study, an equal number were at age of 6 

and age 7 years old 16 (21.1%), 27 (35.5%) were at age of 8 years and 17 (22.4%) 

were at age of 9 years old.  Pearson Chi-square test indicated no significant 

differences in age based on gender, x2 (3, n=123)  =0.97, p=0.81.  

 

Fig.4. Distribution of age based on the gender difference in the study population. 
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Beverage Consumption Quality: 

Seventy seven (62.6%) of the participants drank water more than 3 times 

daily, and 29 (23.6%) drink water twice /a day.  Regarding fruit juice, 29 (23.6%) of 

the participants drink fruit juice once a day, and 29 (23.65%) drank fruit juice less 

than once/ a week. The majority of the children in the study 109 (89.3%) did not drink 

vegetable juice, while only 1 (0.8%) participant drank it twice or more/a day. 

Approximately, 48 (39%) of the participants rarely drank juices with added sugar and 

only 10 (8%) drank these sweetened juices more than three times a day.  

Concerning the dairy products, 71 (57.7%) drank whole milk less than once a 

week, and only 4 (3.3%) drank it more than three times a week. Around 95 (77.2%) of 

the participants drank reduced fat milk less than once a week, and only 2 (1.6%) 

drank it more than three times a week. Considering the fat free milk, the majority of 

the participants 93 (75.6%) drank it less than once per week, and around 4 (3.3%) 

drank it over than three-times/a day.  

Very small percentage (0.8%) drank regular soft drinks more than three times 

a week with a similar percentage (0.8%) drank diet soft drinks also more than three 

times a week. On the other hand, a large number of participants, 71 (57.7%) drank 

soft drinks rarely with a larger percentage 88.6% (109) consuming diet soft drinks less 

than once a week.  

Tea and coffee were consumed by a small percentage of the participants with 

percentages ranging between 75.6% (93) for sweetened tea, 89.4% (110) for tea and 

coffee with cream/sugar, and 95.9% (118) for tea/coffee with no cream/sugar. 

Viewing the meal replacement and protein shakes; most of the participants 116 

(94.3%) rarely consume these drinks, while only 3 (2.4%) consume them once daily.  
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Almost 118 (96%) of the participating children don’t drink energy or sport 

drinks and a lesser percentage 67.5% (83) consume hot chocolate rarely or less than 

once/ a week. The Survey format showing the Quantity and Quality of each Beverage 

Consumed by the Participants and their percentage is in (Appendix B). 

 

Beverages Consumption Quantity Result: 

Fig.5. The mean ounces of each beverage consumed daily by the children in the study 

aged 6 to 9 years-old. 

 

The mean number of ounces consumed by the participants is shown in the 

graph above (Fig.5). There was 57 of the participants (46.3%) consume an 8-oz cup of 

water each time they drink water, a higher percentage 50.4% (62) drink the same 

amount of fruit juice each time drinking it.  

Regarding the dairy products, 63.4%, 79.7%, 78.9% drink less than an 8-oz 

cup each time they drink whole milk, reduced fat milk and fat free milk, respectively. 

Eighty-five (69.1%) of soft drink consumers drink less than an 8-oz each time 

drinking the soft drinks, while 24 (19.5%) drink an 8-oz can each time.  
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A similar observation with different percentages was seen with diet soft 

drinks, with most of the diet soft drink consumer 113 (91.9%) drink less than an 8-oz 

each time drinking the diet soft drinks, and 5 (4.1%) drink the 8-oz can each time.  

Sweetened tea, tea/coffee with cream/sugar, tea/coffee with no sugar/cream 

were consumed in a less than 8-oz cup each time with the following percentage, 

80.5% (99), 94.3% (116), 97.6% (120), respectively.  

Meal replacement and protein shakes were consumed in a less than 8-oz cup 

by 117 (95.1%) each time drinking them, the same amount of energy drinks are 

consumed by 118 (95.9%) of the participants each time they drink these drinks. 

Lastly, hot chocolate is consumed by 90 (73.2%) in a less than 8-oz cup each time and 

in a whole 8-oz cup by 32 (26%) of hot chocolate consumers. The number of 

participants in the study drinking each type beverage and the average amount of 

ounces consumed daily is demonstrated in Table.8. 
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Table 4. Number of participants drinking each beverage and the mean ounces 

consumed daily. 

 

 N (%) Minimum Maximum Mean Std. 

Deviation 

Water 

 

121 

(98.4%) 
1.4 60.0 23.7 15.1 

Fruit juice 

 
94 (76.4%) 0.6 48.0 9.3 9.2 

Veg juice 

 
13 (10.6%) 0.6 16.0 4.8 4.5 

Sweet drink 

 
75 (61%) 0.6 36.0 8.7 9.4 

Whole milk 

 
52 (42.3%) 0.6 24.0 9.2 6.5 

Reduced milk 

 
28 (22.8%) 1.1 24.0 10.4 6.4 

Low-fat milk 

 
30 (24.4%) 1.1 36.0 10.1 7.8 

Soft drink 

 
52 (42.3%) 0.6 24.0 4.2 5.4 

Diet drink 

 
14 (11.4%) 0.6 24.0 5.7 6.6 

Sweet tea 

 
30 (24.4%) 0.6 36.0 5.7 8.4 

Coffee sugar 

 
13 (10.6%) 0.6 16.0 3.5 4.0 

Coffee no sugar 

 
5 (4.1%) 1.1 5.7 3.2 2.0 

Meal replacement 

 
7 (5.7%) 1.4 24.0 10 7.6 

Energy drink 

 
5 (4.1%) 1.7 5.7 3.5 1.8 

Chocolate drink 

 
40 (32.5%) 0.6 32.0 4.5 7.1 
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Data Analysis 

Sweetened beverages include the following categories of the questionnaire: 

sweetened drinks, soft drinks, sweetened tea, tea/coffee with added sugar, meal 

replacement, energy drinks and hot chocolate. One hundred and nine participants 

(SD=14.57) consume any form of sugar-sweetened beverages with different quantities 

and frequencies. The sum of sugar sweetened beverage (sum of SSB) histogram 

(Figure. 6) was positively skewed (skewness=2.02).  

 

Fig.6. Histogram showing an abnormal distribution of the sum of SSBs consumed by 

the study participants aged 6 to 9 years-old. 
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Thus, the variable was transformed to natural log (Ln) to restore symmetry and the 

transformed histogram (Figure. 7) is within acceptable range (±1.5) of skewness 

(skewness= -0. 17). 

 

Fig.7. Histogram showing a normal distribution (Ln) of sum of SSBs consumed by 

the study participants aged 6 to 9 years-old. 
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Pearson correlation showed no significant correlation between caries and BMI 

(P=0.18) and no significant correlation between caries and SSB consumption 

(P=0.41). Moreover, it was shown that no significant correlation between BMI and 

SSB consumption (P=0.64) (Table.6). 

 

Table 5. Correlations between ounces of SSBs consumed, BMI and caries prevalence 

in the study population of 6 to 9 years-old children. 

 

 

 

 

 

Caries BMI SSB-Log 

Caries  

 Pearson Correlation - -0.1 0.1 

 P-value*  0.2 0.4 

 N 123 123 109 

BMI  

 Pearson Correlation -0.1 - 0.1 

 P-value* 0.2  0.6 

 N 123 123 109 

SSB-Ln  

 Pearson Correlation 0.1 0.1 - 

 P-value* 0.4 0.6  

 N 109 109 109 

 

The mean score of SSB consumed for participants at age of 6 was 1.7 

(SD=1.1), for participants at age of 7 it was 2.31 (SD=1.4), and for participants at age 

of 8 it was 1.5 (SD=1.2) and for participants at age of 9 it was 2.1 (SD=1.1) (Fig.8). A 

one-way analysis of variance between groups was conducted to explore the impact of 

age on the SSB consumption level. Subjects were divided into four groups according 

to their age (group 1 = 6 years old, group 2= 7 years old, group 3= 8 years old, group 
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4= 9 years old). There was almost a significant difference in the SSB consumption 

level between the four age groups: F (123) =2.68, P= .05. 

 

Fig.8. Number of ounces of SSBs consumed daily by the study population based on 

their age groups. 

 

Out of the 109 of participants who consume SSB, forty-three are males and 66 

are females. An independent sample t-test was conducted to compare the SSB 

consumption level for males and females. There was non-significant difference in the 

SSB consumption level for males (M=2.08, SD=1.11), and females (M=1.76, 

SD=1.26), T (109) = 0.34, P=0.18.  

In addition, among the participants who drink SSB, 94 had caries and 15 had 

no caries. An independent sample t-test was done to compare the SSB consumption 

level for participants who have and have no caries. There was non-significant 

difference in the SSB consumption level for participants with caries (M=1.92, 

SD=1.22), and participants with no caries (M=1.65, SD=1.17), T (109)= 0.67, 

P=0.41. 
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 Moreover, among the participants who drink SSB, 57 were African 

Americans and 52 were of other ethnicities. An independent sample t-test was done to 

compare the SSB consumption level for participants based on the ethnicity. There was 

non-significant difference in the SSB consumption level for African-American 

participants (M=2.01, SD=1.18), and participants of other ethnicities (M=1.74, 

SD=1.24), T (109) =0.47, P=0.25 (Fig.9). 

 

Fig.9. Number distribution of SSBs consumers based gender, caries experience and 

ethnicity. 

 

 

 

The average number of sugary drinks consumed by the SSB consumer in the 

study is 1.8 (SD=1.85) and the histogram (Figure.10) illustrated a normal distribution 

of the number-SSB consumed. 
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Fig.10. Histogram showing a normal distribution of number of SSBs consumed by the 

study participants aged 6-9 years-old. 

 

 

 

 

 

 

 

 

 

 

Pearson correlation showed no significant correlation between caries and 

number of SSB consumed (r=. 06, p=0.52) and no significant correlation between 

caries and BMI (r= -0.12, p=0.18). Moreover, there was no significant correlation 

between BMI and number of SSB consumed (r= 0.04, p=0.66) (Table. 7). 
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Table 6. Correlations between the numbers of SSBs consumed, BMI and caries 

prevalence in the study population of 6 to 9 years-old children. 

 

 

 

 

  

 

Number SSB 

 

Caries 

 

 

BMI 

Number 

SSB 

 

 Pearson Correlation - .06 .04 

 P-value  .52 .66 

 N 123 123 123 

Caries  

 Pearson Correlation .06 - -. 12 

 P-value .52  .18 

 N 123 123 123 

BMI  

 Pearson Correlation .04 -. 12 - 

 P-value .66 .18  

 N 123 123 123 
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Correlation between BMI, Caries and Different Types of Drinks: 

 

Water:  

Pearson correlation revealed a statistically significant inverse correlation 

between water consumption and caries (r= -0.18, p=0.04) and no significant 

association between water consumption and BMI value (r=0.16, p=0.07).  

 

Table 7. Pearson correlation demonstrating the correlation between water 

consumption and both BMI and caries. 

 

  BMI Caries 

Pearson Correlation 0.16 -0.18 

P-value 0.07 0.04 

N 121 121 

 

Out of participants who have caries, 106 (99.07%) consumed water and 1 

(0.93%) did not consume water. An independent sample t-test was conducted to 

compare the amount of water consumption for participants based on caries 

prevalence. There was significant difference in water consumption in participants 

with no caries (M=30.75, SD=14.80) and participants who had caries (M= 22.60, 

SD=14.86), T (121) =0.78, P=0.04. 

 

 

Types of Drinks

Water

Sugar-containing 
beverages (100% fruit 

juice and 100% 
vegetable juice)

Sugar-sweetened 
beverages (SSBs)
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Whole Milk:  

Pearson correlation revealed a statistically non-significant inverse correlation 

between whole milk consumption and caries (r= -0.08, p=. 57), and whole milk 

consumption compared to BMI (r= -0.08, p=0.59).  

 

Table 8. Pearson correlation demonstrating the correlation between whole milk 

consumption and both BMI and caries. 

 

  BMI Caries 

Pearson Correlation -0.08 -0.08 

P-value 0.59 0.57 

N 52 52 

 

Out of participants who have caries, 45 (42.1%) consumed whole milk and 62 

(57.9%) did not consume whole milk. An independent sample t-test confirmed the 

non-significant difference in the amount of whole milk consumption in participants 

with no caries (M=10.53, SD=8.35) and participants who had caries (M= 9.01, 

SD=6.30), T (52) = 0.21, P=0.57. 

 

Reduced Fat Milk:  

Pearson correlation revealed a non-significant correlation between reduced fat 

milk consumption and caries (r=0.16, p=0.43) and non-significant inverse correlation 

between reduced fat milk consumption and BMI (r= -0.29, p=0.13). Out of 

participants who have caries, 24 (22.4%) consumed reduced fat milk and 83 (77.6%) 

did not consume reduced fat milk. 
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Table 9. Pearson correlation demonstrating the correlation between reduced fat milk 

consumption and both BMI and caries. 

 

  BMI Caries 

Pearson Correlation -0.29 0.16 

P-value 0.13 0.43 

N 28 28 

 

 Independent t-test confirmed the non-significant difference in the amount of 

reduced milk consumption in participants with no caries (M=2.08, SD=.85) and 

participants who had caries (M= 2.04, SD=.76), T (28) =0.57, P=0.90. 

 

Low Fat Milk:  

Pearson correlation revealed a non-significant inverse correlation between low 

fat milk consumption and caries (r= -0.08, p=0.67) and non significant correlation 

between reduced low milk consumption and BMI (r=-0.14, p=0.47). 

 

Table 10. Pearson correlation demonstrating the correlation between low fat milk 

consumption and both BMI and caries. 

 

  BMI Caries 

Pearson Correlation 0.14 -0.08 

P-value 0.47 0.67 

N 30 30 

 

 Out of participants who have caries, 24 (22.4%) consumed low fat milk and 

83 (77.6%) did not consume low fat milk. A t-test confirmed the non-significant 
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difference in the amount of reduced milk consumption in participants with no caries 

(M=10.81, SD=8.92) and participants who had caries (M= 9.45, SD=6.22), T (30) = 

0.14, P=0.67. 
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Diet Milk:  

A new variable (Diet milk) was created to represent both reduced fat milk and 

fat-free milk consumed by participants. The total number of participants who 

consume diet milk is n=54 with a mean of 11 ounces consumed every day (SD=7.30). 

Pearson correlation showed neither a significant correlation between diet milk 

consumption and BMI (r=0.009, p=0.95), nor a significant correlation between diet 

milk consumption and caries (r=0.02, p=0.91). 

 

Table 11. Pearson correlation demonstrating the correlation between diet milk 

consumption and both BMI and caries. 

 

 

Out of the 54 participants who consume the diet milk, 45 had caries and 9 had 

no caries. An independent t-test revealed a non-significant association between caries 

prevalence and the consumption of diet milk T (54) =0.80, P=0.91. 

 

100% Fruit Juice:  

The total number of participants who consume fruit juice is n=94 with a mean 

of 9.17 ounces consumed every day (SD=1.02). Out of participants who have caries, 

83 (77.57%) consumed fruit juice and 24 (22.43%) did not consume fruit juice. 

An independent t-test revealed a significant association between caries 

prevalence and fruit juice consumption T (94) =0.57 P=0.01.  

  BMI Caries 

Pearson Correlation 0.01 0.02 

P-value 0.95 0.91 

N 54 54 
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Pearson correlation showed a significant correlation between fruit juice 

consumption and caries (r=0.26, p=0.01), and a non-significant inverse correlation 

between fruit juice consumption and BMI (r= -0.14, p=0.17). 

 

Table 12. Pearson correlation demonstrating the correlation between fruit juice 

consumption and both BMI and caries. 

 

Natural Juice:  

A new variable (natural juice) was created to represent both fruit juice and 

vegetable juice consumed by the participants. The total number of participants who 

drink natural juices is n=94 with a mean of 9.95 ounces/everyday (SD= 9.90). An 

independent t-test revealed a significant association between caries prevalence and 

natural juice consumption T (94) =0.63 P=0.01. 

Pearson correlation showed a significant correlation between natural juice 

consumption and caries (r=0.26, p=0.01), however, a non-significant correlation is 

found between natural juice consumption and BMI (r= -0.15, p=0.14).  

 

 

 

 

 

 

  BMI Caries 

Pearson Correlation -0.14 0.26 

P-value 0.17 0.01 

N 94 94 

  BMI Caries 

Pearson Correlation -0.14 0.26 

P-value 0.17 0.01 

N 94 94 
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Table 13. Pearson correlation demonstrating the correlation between natural juice 

consumption and both BMI and caries. 

 

Sweet Drinks:   

The total number of participants who consume sweet drinks is n=75 with a 

mean of 8.85 ounces consumed every day. Out of participants who have caries, 68 

(63.55%) consumed sweet drinks and 39 (36.45%) did not consume sweet drinks. 

An independent t-test revealed a non-significant association between caries 

prevalence and sweet drinks consumption T (75) = .56 P=.91 (two-tailed).  

Pearson correlation showed a non-significant inverse correlation between 

sweet drinks consumption and caries (r= -0.01, p=0.91), and a non-significant inverse 

correlation between sweet drinks consumption and BMI (r= -0.001, p=1.0). 

 

Table 14. Pearson correlation demonstrating the correlation between sweet drinks 

consumption and both BMI and caries. 

 

  BMI Caries 

Pearson Correlation -0.001 -0.01 

P-value 1.0 0.91 

N 75 75 

  

  BMI Caries 

Pearson Correlation -0.15 0.26 

P-value 0.14 0.01 

N 94 94 

  BMI Caries 

Pearson Correlation -0.15 0.26 

P-value 0.14 0.01 

N 94 94 

  BMI Caries 

Pearson Correlation -0.15 0.26 

P-value 0.14 0.01 

N 94 94 
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Regular Soft Drinks:   

The total number of participants who consume regular soft drinks is n=52 with 

a mean of .84 ounces consumed every day (SD=1.09). Out of participants who have 

caries, 46 (43%) consumed regular soft drinks and 61 (57%) did not consume regular 

soft drinks. 

An independent t-test revealed a non-significant association between caries 

prevalence and soft drink consumption T (52) = 0.47 P=0.86.  

 Pearson correlation showed a non-significant correlation between soft drink 

consumption and caries (r=0.03, p=0.86), and a non-significant inverse correlation 

between soft drink consumption and BMI (r= -0.08, p=0.57). 

 

Table 15. Pearson correlation demonstrating the correlation between soft drinks 

consumption and both BMI and caries. 

 

 

 

 

 

 

 

Sweet Tea:   

The total number of participants who consume sweetened tea is n=30 with a 

mean of 1.04 ounces consumed every day (SD=1.13). Out of participants who have 

caries, 27 (25.23%) consumed sweet tea and 80 (74.77%) did not consume sweet tea. 

An independent t-test revealed a non-significant association between caries 

prevalence and sweet tea consumption T (30) =0.57 P=0.64.  

  BMI Caries 

Pearson Correlation -0.08 0.03 

P-value 0.57 0.86 

N 52 52 
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Pearson correlation showed a non-significant correlation between sweetened 

tea consumption and caries (r=0.09, p=0.64), and a non-significant correlation 

between sweetened tea consumption and BMI (r=0.16, p=0.41). 

 

Table 16. Pearson correlation demonstrating the correlation between sweet tea 

consumption and both BMI and caries. 

 

 

 

 

 

Hot Chocolate:   

Concerning hot chocolate drink, the total number of participants who consume 

hot chocolate is n=40 with a mean of 4.5 ounces consumed every day (SD=1.04). Out 

of participants who have caries, 28 (26.17%) consumed hot chocolate and 79 

(73.83%) did not consume hot chocolate. 

An independent t-test revealed a non-significant association between caries 

prevalence and chocolate drink consumption T (40) =0.82 P=.97.  

Pearson correlation showed a non-significant inverse correlation between hot 

chocolate consumption and caries (r= -0.01,p=0.97), and a non-significant correlation 

between hot chocolate consumption and BMI (r=0.06, p=0.71). 

 

 

 

 

 

 

  BMI Caries 

Pearson Correlation 0.16 0.09 

P-value 0.41 0.64 

N 30 30 
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Table 17. Pearson correlation demonstrating the correlation between hot chocolate 

consumption and both BMI and caries. 

 

 

 

 

 

 

High-caloric Drinks:   

A new term called high caloric drinks has been created to include: hot 

chocolate, meal replacement drinks and energy/sport drinks. The average amount of 

high caloric drinks consumption is 5.72 ounces/day (SD=9.03, Median= 2.86).  

The total number of children participating in the study who consume high 

caloric drinks is 47 participants. Out of the 47 participants who consume the high 

caloric drinks, 40 had caries and 7 had no caries. An independent t-test revealed a 

non-significant association between caries prevalence and high caloric drinks 

consumption T (47) =0.48 P=0.87.  

Pearson correlation showed a non-significant correlation between high caloric 

drinks consumption and caries (r=0.025, p=0.87), and a non-significant correlation 

between high caloric drinks consumption and BMI (r=0.073, p=0.63).  

 

 

  BMI Caries 

Pearson Correlation 0.06 -0.01 

P-value 0.71 0.97 

N 40 40 
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Table 18. Correlations between the amount of high caloric drinks consumption, 

BMI and caries. 

 

 

 

 

 
 

Caries 

 

BMI 

 

High Caloric Drinks-

Ln 

Caries  

 Pearson Correlation 1 -.12 .02 

 P-value*  .18 .67 

 N 123 123 47 

BMI  

 Pearson Correlation -.12 1 .07 

 P-value* .18  .63 

 N 123 123 47 

High Caloric Drinks-Natural Log 

 Pearson Correlation .03 .07 1 

 P-value* .87 .63  

 N 109 109 47 
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Further Analysis to Fruit Juice and Sugar-Sweetened Beverages 

Fruit Juice  

The total number of fruit juice drinks consumers in the study is 94; 40 of them 

are males with an average consumption of 1.77 ounces/day (SD=.96), while 54 of 

them are females with an average consumption of 1.77 ounces/day (SD=1.07). Out of 

94 (the total number of participants consuming fruit juices); 46 are African American 

and 48 are non-African American with an average fruit juice consumption of 1.8 oz. 

daily for both groups. A total of (n=11) participants consumed between 24 and 48 

ounces of fruit juice daily. 

Sugar-Sweetened Beverages 

 

Out of the 123 participants, 14 (11.4%) did not consume any type of SSBs. Among 

those who consumed SSBs, approximately 30% ( n=32, 29.4%) consumed less than 3 

oz. per day, while 7 participants (6.4%) consumed more than 40 oz. daily. 
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Further Analysis of the Outliers 

For the outliers, the assumption is that when the z scores were more than ±3 

(acceptable range ±3) and the skewness is > ±1.5, then the case is considered an 

outlier. Four of theses cases had z-scores > +3 as they consumed more than 60oz of 

sugar-sweetened beverages per day (ID=28, 224, 41, 223). They all experienced 

dental caries, three of them were African American and one Hispanic. Three of them 

were females and one male. Regarding their age, two of them were at age of 7 years 

old, one at age of 6 and one at age of 9 years old. The best approach to deal with the 

outliers in the sum-SSB was to transform the variable to natural log (Fig.11) rather 

than remove the outliers (Table.19). 

 

Fig11. Boxplot of Sum-SSBs consumed by the study participants showing the cases 

with z-scores > +3, (ID=28, 224, 41, 223). 
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Table 19. Results comparison of Sum-SSB consumption with and without outliers. 

 

 

On diet-milk, ID=38 was an outlier, the case was an 8 year-old white female with 

normal weight who consumes 36 oz. of diet milk daily and experienced dental caries. 

The skewness was acceptable with a normally distributed histogram. 

 

Fig12. Boxplot of diet milk consumed by the study participants showing the case with 

z-scores > +3, (ID=38). 

 

 

 

 

 

 

 

 

 

 

 

 

 With outliers Without outliers 

Mean 12.4 10.5 

Median 7.4 7.4 

Std. Deviation 14.6 10.9 

Skewness 2.0 1.7 
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On natural juice, ID=203 was an extreme case with fruit juice consumption of 48 

oz. daily. The case is a 9 year-old white male with normal weight and experienced 

dental caries.  

 

Fig13. Boxplot of natural juice consumed by the study participants showing the case 

with z-scores > +3, (ID=203). 

 

 

 

 

 

 

 

 

 

With regard to soft drinks, two subjects were outliers, both were African-

American, with dental caries and normal weight. One was a male and the other was a 

female. With and without the outliers’ comparison is illustrated in (Table.20). 

On sweet tea, one outlier was reported, an African American 8 year old female 

who had normal weight and experienced dental caries. Removal of the outlier did not 

influence the distribution, thus Log transformation was needed (Table.21). 

Table 20. Results comparison of Soft drinks consumption with and without outliers. 

 

 
With outlier Without outlier 

Mean 4.2 3.5 

Median 1.7 1.7 

Std. Deviation 5.4 3.7 

Skewness 2.4 1.9 
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Table 21. Results comparison of sweet tea consumption with and without outliers. 

 

 

 

 

 

On hot chocolate drink, one outlier was reported, a 9 year-old African 

American female who consumes 32 oz. of hot chocolate daily. She experienced dental 

caries and had normal weight. Again, when the outlier was removed, the distribution 

remained extremely skewed, thus transformation was necessary.  

 

Fig14. Boxplot of chocolate drinks consumed by the study participants showing the 

case with z-scores > +3, (ID=223). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 
With outlier Without outlier 

Mean 5.7 4.7 

Std. Deviation 8.4 6.3 

Skewness 2.5 2.4 
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Further Analysis of the Sugar-Sweetened Beverages Consumer Outliers 

Out of the 109 participants who consumes SSB, n=11 were outliers indicating 

they were offset of the median (Fig.15). An independent sample t-test for the BMI and 

SSB consumptions in the outliers confirmed a non-significant difference in the BMI 

of the participants with extreme SSB consumption T (11) = 0.04, P=0. 07. Of the 11 

outliers, 4 were males (36.4%) and 7 were females (63.6%). A chi square test 

indicated a non-significant association between SSB consumption in the outliers and 

gender, x2 (1,n=11)=0.05, p=1.00. 

Of the 11 outliers, 3 were African-American (27.3%) while 8 were non 

African-American (72.7%). A chi square test indicated a non-significant association 

between SSB consumption in the outliers and ethnicity, x2 (1,n=11)=1.23, p=0.27. 

Regarding the caries experience in the 11 outliers, all had dental caries except one 

(n=10) and the chi square test indicated a non-significant association between SSB 

consumption in the outliers and dental caries, x2 (1,n=11)=0.23, p=1.00. 

 

 

Fig15. Boxplot of sum of SSBs consumed by the study participants showing the 

outliers. 
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Table 22. Statistical correlations (P-value) between Sum of SSBs consumption in the 

outliers and BMI, gender, ethnicity and caries. 

 

  

 BMI Gender Ethnicity Caries  

T-test .04 - - - 

P-value 0.07 - - - 

Chi-square test - 0.05 1.23 0.23 

P-value - 1.0 0.27 1.0 
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Chapter IV: Discussion 

In this cross-sectional study, we presented findings regarding the correlation 

between SSBs consumption, BMI and caries prevalence among 6 to 9 years-old 

children. We did not find any correlation between dental caries prevalence and body 

mass index (P=0.18), or between dental caries prevalence and SSBs consumption 

(P=0.41). Moreover, there was no significant correlation between BMI and SSB 

consumption (P=0.64). Our findings could be attributed to a true lack of association 

or methodological limitation such as the small sample size of the study or inaccuracy 

in reporting the SSBs consumption pattern.73  

According to our study, SSBs include the following categories of the 

questionnaire: sweetened drinks, soft drinks, sweetened tea, tea/coffee with added 

sugar, meal replacement, energy drinks and hot chocolate. It was found that 109 are 

the total number of participants in the study consumed any form of sugar-sweetened 

beverages with different quantities and frequencies. This accounts for almost 90% of 

the study participants, which is a high percentage in a relatively small sample size. 

This finding can be supported by a study using NHANES 2009-2010 data, stating that 

4.5% of daily energy intake (or 69kcal/day) is derived from SSBs among U.S children 

aged 2-5 years old, and 6.3% of daily energy intake (or 118 kcal/day) is derived from 

SSBs in children aged 6-11 years old.41  

The mean score of SSB consumed daily for participants at age of 6 was 1.7 

oz., for participants at age of 7 was 2.31 oz., for participants at age of 8 was 1.5 oz. 

and for participants at age of 9 was 2.1 oz. There was almost a significant difference 

in the SSB consumption level between the four age groups (P= 0.05) with the highest 

amount of SSBs consumed daily was seen in study children aged 7 years old. 
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Regarding the amount of ounces consumed each time drinking the beverage, 

we found that 57 of the participants (46.3%) drank an 8-oz cup of water each time 

they drank water, while a higher percentage (50.4%) of participants drank the same 

amount of fruit juice each time. According to the American Academy of Pediatrics, it 

was stated that with the exception of water, portion sizes of other beverages are 

limited to 8 oz for elementary school children and 12 oz for middle and high school 

children.56  Our findings about high consumption of 100% fruit juice is consistent 

with the report of the American Academy of Pediatrics stating that juices are over-

consumed by children because they taste so good to them, and they are packed in a 

way to be easily carried around during the day.44  

Concerning the dairy products, no enough milk was consumed by the 

participants as more than half of the participants 71 (57.7%) drank whole milk less 

than once/a week, and only 4 (3.3%) drank it more than three times/a week. As it was 

stated before, out of the school environment, whole and 2% milk account for nearly 

three-quarters of the milk consumed by children, whereas 1% and non-fat milk 

combined account for only 20%.57  In contrast, inside schools, flavored milk account 

for more than 70% of all milk consumed; 38.5% of milk, however, is nonfat and 51% 

is 1% fat.58   

Our findings suggested a non-significant inverse correlation between both 

whole milk consumption and caries (p=0.57), and whole milk consumption compared 

to BMI (p=0.59). This finding can be supported by Marshal et al. that showed subjects 

with caries had lower intakes of milk at 2 and 3 years of age than subjects without 

caries.11  

A statistically significant inverse correlation between water consumption and 

caries was revealed (p=0.04) as the participants with no caries consumed higher 



 

65 
 

amount of water and the participants with caries consumed less amount of water. 

However, no significant association was detected between water consumption and 

BMI value (p=0.07).  

One of the noteworthy findings of this study is the significant correlation 

between fruit juice consumption and caries (p=0.01), and the non-significant inverse 

correlation between fruit juice consumption and BMI (p=0.17). The mean ounces of 

fruit juice consumed by the study participants was 9.3 oz., which is within the 

American Academy of Pediatrics’ recommendations that fruit juice intake should be 

limited to 4-6 ounces/day in 1-6 year old children and 8-12 ounces/day in 7-18 year 

old children.44  Clinicians should encourage the children to eat the whole fruit to gain 

the benefit of fiber intake instead of drinking the fruit juice.44  Based on a  cluster 

analysis of data from the Third National Health and Nutrition Examination Survey, a 

lower caries severity in primary dentition was reported in children consuming high 

amounts of milk.54  The same study suggested that children who consume > 17 oz. of 

100% fruit juice are more likely to have caries compared to high water or milk 

consumers.54  Additionally, Marshal et al. found that low intakes of 100% juice were 

associated with a lower incidence of caries. Any intake of 100% juice was associated 

with an increased extent of caries; however, milk had a neutral association with 

caries.11  

In contrast to the study by Vargas et al. showing no association between 

consumption of 100% fruit juice and dental caries among preschool children,6 the 

present study found an association between 100% fruit juice consumption and dental 

caries among children aged 6 to 9 years-old. However, the difference in the 

population age between Vargas et al. study and the present study could be an 

explanatory factor for the differences in findings. Another study by Marshal et al in 
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2005 also found no association between consumption of 100% fruit juice and dental 

caries in children.86  

A non-significant inverse correlation between sweet drinks consumption such 

as Koolaid, Sunny delight etc. and caries (p=0.91) was detected, and a non-significant 

inverse correlation between sweet drinks consumption and BMI (p=1.0). In contrast, a 

longitudinal study by Ludwig et al. found that there is a positive association between 

SSBs consumption and obesity in children.73 The differences in the findings might be 

a result of the sample size difference, age difference of the study population as they 

targeted children aged 11-12 years old or due to the difference in the study design. 

A non-significant correlation between soft drink consumption and caries 

(p=0.86), and a non-significant inverse correlation between soft drink consumption 

and BMI (p=0.57) were found in this study. Again, sample size is a main factor of 

these findings as the total number of participants consuming soft drinks was 52 only, 

this gives us less than third of the participants to undergo the correlation statistical 

tests. In contrast to our findings, Lim et al in 2008 found an association between soft 

drinks consumption and caries as children with high consumption of soft drinks over 

time, or those who increase their consumption of soft drinks relative to consumption 

of milk and 100% fruit juice are at higher risk of developing dental caries.84  

Additionally, in a study of 365 low-income African-American preschool children, 

Lim and colleagues found that baseline intake of soda and all SSBs were positively 

associated with baseline BMI z-scores, however, these studies targeted children aged 

up to 5 years old.66  

A non significant correlation between neither sweetened tea consumption and 

caries (p=0.64), nor sweetened tea consumption and BMI (p=0.41) was reported. 
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Moreover, a non-significant inverse correlation between hot chocolate 

consumption and caries (p=0.97), and a non-significant correlation between hot 

chocolate consumption and BMI (p=0.71) were found. These findings may be due to 

some seasonal variations as most of the parents mentioned giving their children hot 

chocolate in the winter season and the surveys mostly were collected in early October 

and late November. 

A study to assess the acceptability of delivering dietary advice to parents in 

the dentistry setting to address obesity in pre-school children to parents was done in 

2015 in UK.89  They concluded into how it is crucial to recognize the acceptability of 

diet counseling to all those affected by obesity before implementing effective 

programs for those children.89  Only 10% of US pediatric and general dentists offered 

weight-related counseling to their patients and around 50% mentioned the low patient 

acceptability to these services as a barrier to delivery.90  BMI calculation should be 

included in the routine examination and the importance of nutrition to dental health 

should be discussed as well.28  Moreover, health professionals should give more 

attention to the parents of children at higher risk of becoming overweight or obese by 

giving advices on better strategies correcting the bad eating habits, SSB over/ or 

frequent consumption. 

Additionally, clinical recommendations of including the frequency and timing 

of drinking sweet drinks should be part of the dietary counseling for dental caries and 

erosion with parents and patients.91  Complete elimination of soft drinks might be 

impossible to some children so dentists should recommend limiting their consumption 

to few times per week and follow it by practice good oral hygiene with fluoridated 

toothpaste.92  Based on the World Health Organization (WHO) recommendations, 

there should be a reduction in the intake of free sugars throughout the life-course. For 
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both adults and children, the WHO recommends reducing the intake of free sugars to 

less than 10% of total energy intake.93  In some states, a sugar tax has been 

implemented to discourage sugar-sweetened beverage consumption.88  

Besides affecting dental caries, SSBs consumption can affect body weight as 

well.94  Thus, the Centers of Disease Control and Prevention (CDC) suggested several 

strategies to reduce the consumption of SSBs: including ready access to portable 

drinking water in homes and public facilities; limiting the availability of SSBs 

especially at home and schools; and promoting access to more healthful choices to 

SSBs such as water and low fat milk.5  This strategy has been tested for effectiveness 

in a pilot study of 103 U.S adolescents aged 13 to 18 years who regularly consume 

SSBs by dividing them into intervention and control groups for 25 weeks.95  The 

control group had non-caloric beverages delivered to homes and SSBs consumption 

was discouraged. By the end of the 25 weeks, the daily consumption of SSBs 

decreased by 82% in the intervention group, with no changes in the control group. 

Additionally, the BMI increase among adolescents with the highest BMI was 

significantly less in the intervention group in comparison to the control group.95   

Other strategies of the CDC is to reduce SSB marketing or counter their 

marketing and minimize marketing’s impact on children; and to decrease the relative 

cost of more healthful beverage choices or increase the price of SSB through pricing 

adjustments.5  The later strategy is supported by the National Food Stamp Program 

Survey in U.S., as they estimated that 10% increase in the cost of soft drinks would 

result in an 8% reduction in their consumption among low-income houses.96   

The CDC counseling about SSBs consumption and its associated risks should 

be part of the routine medical and dental care.5  As the American Academy of 

Pediatric Dentistry encourages dentists and other health care professionals to educate 
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the patients and their parents about the negative effects of SSBs consumption on 

children’s’ general, nutritional and dental health.97  The counseling strategy is to 

increase the knowledge and skills of in medical care providers  through continuing 

education and training to offer their patients nutritional screening to improve their 

weight status and SSBs consumption habits.5  An intervention study conducted in 

2003 in the United States to educate first-year dental students about the effect of soda 

consumption by giving them a combination of both a lecture on the effect of soda 

consumption on oral and systemic health and a written brochure. After both the 

educational lecture and brochure, the knowledge level and behavioral intent toward 

the soda consumption was significantly improved among the first year dental 

students.98  

Our findings of lack of correlation between dental caries prevalence and BMI 

is confirmed by a previous study done by Macek et al. where they found no 

significant association between BMI for age and caries prevalence in primary or 

permanent dentition.81  In contrast, Hilgers et al, that support the lack of an overall 

association, this study found an association between smooth surface caries and BMI.99  

Within the limitations of the present cross-sectional study of children aged 6 to 

9 years-old, the findings supports the null hypotheses that there was no association 

between SSBs consumption and dental caries, no association between SSBs 

consumption and BMI and no association between BMI and dental caries.  

 

Study Limitations 

The major limitation of this study is that the sample size may have not been 

large enough to achieve statistical significance. The study results also are limited 

because the questionnaires were filled by parents, which might affect the accuracy of 
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the reported information of beverage consumption when the child is out of home. 

Additionally, bias can be present in filling out the questionnaires as some parents 

might either over- report or under-report the child’s beverages consumption.  

Another major limitation is the cross-sectional nature of this study. The 

association between SSB intake, obesity and caries would be clearer in longitudinal 

studies rather than cross-sectional studies to track the changes in the BMI value and 

caries prevalence based on the changes in the SSBs consumption habit. Longitudinal 

studies can give an indication to the changes in the BMI and dental caries pattern with 

the change in the SSBs consumption habits. Finally, there is a lack of generalizability 

of this study since it was conducted in a single site (UMB School of Dentistry), 

primarily in low income children. 
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Chapter V: Conclusion 

In this study, there was not a correlation between dental caries prevalence and 

body mass index, or between dental caries prevalence and SSBs consumption. 

Additionally, there was no correlation between body mass index and SSBs 

consumption. However, there was a significant association between the consumption 

of 100% juice and increased caries prevalence, but a non-significant inverse 

correlation between 100% fruit juice consumption and body mass index. 

 

Future Research Implications 

This cross-sectional study can be considered as a guide for future research 

relating the three factors: dental caries, SSBs consumption and BMI status. Larger 

sample size may be necessary to learn more about these associations. To overcome 

the potential reporting errors from parents, questionnaires in the future work might be 

completed with electronic device, that filled out by the parents electronically through 

out an electronic device, which they can ensure anonymity of the questionnaire. 

The survey instrument also could be improved by adding additional items. 

Because pediatric obesity is multifactorial, surveys also should include sections 

regarding the life style and physical activity. Oral hygiene habits and number of 

routine dental visits per year also can be added to the questionnaire as these items 

might be risk factors for dental caries.  

Furthermore, longitudinal studies certainly would be more effective in 

understanding the relationship between diet surveys, BMI and dental caries pattern 

with the change in the SSBs consumption habits. An even better approach would be to 

conduct an intervention study (a randomized controlled trial), yet such approaches are 

not possible because of ethical concerns.  
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Such continued efforts in understanding the relationship between diet 

questionnaires, BMI and dental caries are critical to provide evidence to support 

dentists and other health professionals interests in identifying dietary risk factors for 

their patients.  
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Appendix A 
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Appendix B 

 
 

Axium number:                                     Age:                                     Ethnicity: 

Height:                              weight:                             BMI: 

Presence of Caries:   

o Yes 

o No 

Beverage Questionnaire: 

Instructions: 

In the past month, please indicate your response for each beverage type by marking an "X" in the 

bubble for "how often" and "how much each time".  

1. Indicate how often you drank the following beverages, for example, if you drank 5 glasses 

of water per week, mark 4-6 times per week.    

2. Indicate the approximate amount of beverage you drank each time, for example, if you 

drank 1 cup of water each time, mark 1 cup under "how much each time".    

3. Do not count beverages used in cooking or other preparations, such as milk in cereal.    

4.Count milk added to tea and coffee in the tea/coffee with cream beverage category NOT in 

the milk categories 
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Beverage Questionnaire 
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Appendix C 
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Appendix D 

 

Verbal Assent Script 

 

Hi.  My name is Norman/Ghalia.  I am a teacher at the dental school. Right now I am 

trying to learn about sugar drinks and I would like to ask you to help me by answering 

a few questions. What I am doing is a study and your answers will be used for 

research purposes. Your participation will take no longer than five minutes. There is 

no right or wrong answer.  There is no risk to you in answering these questions.  

When I tell other people about this study, I will not use your name and no one will be 

able to tell who I am talking about.  Your mom/dad says it is OK for you to be in my 

study.  But if you do not want to be in the study, you do not have to.  I will not be 

upset and no one else will be upset if you do not want to be in the study.  Do have any 

questions?   

 

NOTE:  The child should answer “yes” or “no”.  Only a definite yes may be taken as 

an assent to participate.  
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Appendix E The Survey Showing the Quantity and Quality of each Beverage 

Consumed by the Participants (%) 
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Appendix F Abstraction Table of Studies on the Association between BMI and 

Caries 2000-2017 

 
Title Author/Year 

 

Study 

design 

Country Population Results 

Obesity and 

Dental Decay: 

Inference on the 

Role of Dietary 

Sugar 

 

Goodson et al. 

2013 

 

cross-

section

al 

 

Kuwait 

 

8,275 4th & 

5th grade 

Kuwaiti 

children 

with average 

age 11.36 

years 

 

Unclear inverse relationship 

between obesity & dental 

decay. Male children in this 

population had more dental 

decay than female children. 

The reduction of tooth decay 

as a function of BMI was 

greater in male children. 

Association 

between Obesity 

and Dental 

Caries in a 

Group of 

Preschool 

Children in 

Mexico 

Vazques-Nava 

et al. 2010 

cross-

section

al 

 

Mexico 

 

1,160 

children 

aged 4-5 

years old 

Significant association 

between at-risk overweight 

children, overweight 

children, and caries in the 

primary dentition of 

preschool Mexican children. 

Body Mass 

Index of 

Children With 

Severe Early 

Childhood 

Caries 

 

Sheller et al. 

2009 

 

cross-

section

al 

 

USA 293 children 

2-5 years old 

with severe 

early 

childhood 

caries 

receiving 

dental 

rehabilitatio

n under 

general 

anesthesia. 

The BMI percentile was not 

correlated with dmft or the 

number of pulp-involved 

teeth, even after adjusting 

for confounding factors 

 

Obesity and 

Dental Caries 

among 

Preschool 

Children in 

Brazil 

 

Granville-

Garcia et al. 

2008 

 

cross-

section

al 

 

Brazil 2,651 

children 1-5 

years old 

recruited 

from 84 

public & 

private 

elementary 

schools in 

Recife, 

Brazil 

The DMFT Index was 

smaller in non-obese 

individuals. No relationship 

was found between dental 

caries and obesity. 

Association 

between Body 

Mass Index and 

Dental Health in 

1,290 Children 

of Elementary 

Schools in 

German City 

 

Willerhausen 

et al. 2007 

 

cross-

section

al 

 

Germany 1,290 

children 6-

11 years old 

visiting the 

dental 

hospital & 

the 

department 

of Pediatrics 

of the 

Johannes 

Gutenberg- 

University 

of Mainz 

Significant association 

between high weight and 

caries prevalence in the first 

and permanent dentition 

which indicates a possible 

association of high weight 

and caries. 

 

Caries Status Kopycka- cross- USA Sample of No evidence to suggest that 
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and Overweight 

in 2- to 18-year-

old US 

Children: 

Findings from 

National 

Surveys 

 

Kedzierawski 

eta l. 2006 

 

section

al 

 

children 2-

18 years old  

NHANES 

III (1988–

1994) and 

NHANES 

1999–2002 

for 7568 

children 

overweight children are at an 

increased risk for dental 

caries. Results from 

NHANES III suggest that 

being overweight may be 

associated with decreased 

rates of caries in older 

children. 

Exploring the 

Association 

Between 

Overweight and 

Dental Caries 

Among US 

Children 

 

Macek and 

Mitola 2006 

 

cross-

section

al 

 

USA Data from 

NHANES 

1999–2002, 

7,617 

children 

aged 2-17 

years old 

 

No significant association 

between BMI-for-age and 

dental caries prevalence in 

either dentition. BMI-for-

age was significantly 

associated with dental caries 

severity in the permanent 

dentition. Overweight 

children had a lower 

geometric mean DMFT than 

did normal weight children. 
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Appendix G Abstraction Table of Studies on the Association between BMI and 

SSBs 2000-2017 

 
Title Author/Year 

 

Study 

design 

Country Population Results 

A Longitudinal 

Analysis of 

Sugar-

Sweetened 

Beverage Intake 

in Infancy and 

Obesity at 6 

Years 

 

Pan et al. 2014 

 
Longitu

dinal 

 

USA 1,189 

children 

aged 6 years 

 

Prevalence of obesity at age 

of 6 was twice as high in 

children who consumed SSB 

during infancy as compared 

to non-SSB consumers. SSB 

consumption during infancy 

might be a possible risk 

factor for obesity in early 

childhood 

A Randomized 

Trial of Sugar-

Sweetened 

Beverages and 

Adolescent Body 

Weight 

 

Ebbeling et al. 

2012 

 

RCT 

 
USA 

 

244  

overweight 

and obese 

adolescents 

grade 9 or 

10 with 

mean 

age=15 who 

regularly 

consumed 

sugar-

sweetened 

beverages 

with BMI at 

or above the 

85th 

percentile 

for sex and 

age. 

Among overweight and 

obese adolescents, the 

increase in BMI was smaller 

in the experimental group 

than in the control group 

after a 1-year intervention 

but not at the 2-year follow-

up 

 

A Trial of 

Sugar-free or 

Sugar-

Sweetened 

Beverages and 

Body Weight in 

Children 

 

de Ruyter et 

al. 2012 

 

RCT 

 
Netherla

nds 

641normal-

weight 

children 

from 4 years 

10 months to 

11 years 11 

months of 

age, who 

commonly 

drank sugar-

sweetened 

beverages 

with Mean 

age= 8.2 

years 

Weight increased by 6.35 kg 

in the sugar-free group as 

compared with 7.37 kg in 

the sugar group. Masked 

replacement of sugar-

containing beverages with 

non-caloric beverages 

reduced weight gain and fat 

accumulation in normal-

weight children. 

 

Longitudinal 

Associations 

Between Key 

Dietary 

Behaviors and 

Weight Gain 

Over Time: 

Transitions 

Through the 

Adolescent 

Years 

Laska et al. 

2012 

 

Longitu

dinal 

 

USA 693 

participants 

with mean 

age=14.6 

years 

 

Diet soda intake was 

significantly and positively 

associated with BMI and 

PBF among females. Among 

males there was evidence of 

a significant longitudinal 

association between SSB 

consumption and PBF. 

Significant longitudinal 

association between SSB 

consumption and BMI 
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Obesity and 

Sugar-sweetened 

Beverages in 

African-

American 

Preschool 

Children: A 

Longitudinal 

Study 

 

Lim et al. 

2009 

 

 

Longitu

dinal 

 

USA 365 Low-

income 

African-

American 

preschool 

children 

 

Baseline intake of soda and 

all SSBs were positively 

associated with baseline 

BMI z-scores. Additional 

intake of fruit drinks and all 

SSBs at baseline revealed a 

significantly higher 

incidence of overweight 

over 2 years. High 

consumption of SSBs is 

significantly associated with 

an increased risk for obesity. 

Lack of 

Association 

between 

Television 

Viewing, Soft 

Drinks, Physical 

Activity and 

Body Mass 

Index in 

Children 

Laurson et al. 

2008 

 

cross-

section

al and 

Longitu

dinal 

 

USA 268 

Participants 

from 3 

communities 

in Idaho, 

Montana and 

Wyoming 

with Mean 

age= 10 

years 

Dietary habits including 

SSB consumption were not 

significantly related to BMI 

in cross-sectional and 

longitudinal analyses 

Beverage 

Consumption 

Patterns in 

Elementary 

School Aged 

Children across 

a Two-Year 

Period 

Blum et al. 

2005 

 

Longitu

dinal 

 

USA 166 

elementary 

school 

children in 

grades 3 

through 6 , 

aged 9.3+/- 

1 year 

No significant association 

between SSBs intake and 

year 2 BMI z score. 

Increased diet soda 

consumption was the only 

type of beverage associated 

with an increased BMI z-

score at year 2 for all 

subjects 

Beverage 

Consumption Is 

Not Associated 

with Changes in 

Weight and 

Body Mass 

Index among 

Low-Income 

Preschool 

Children in 

North Dakota 

 

Newby et al. 

2004 

 

Longitu

dinal 

 

USA 1,345 

preschool 

children 2-5 

years 

participating 

in the North 

Dakota 

Special 

Supplementa

l Nutrition 

Program for 

Women, 

Infants, and 

Children 

(WIC) 

No significant associations 

between intakes of fruit 

juice, fruit drinks, milk, soda 

or diet soda & changes in the 

BMI of this sample of low-

income preschool children 

Sugar-Added 

Beverages and 

Adolescent 

Weight Change 

 

Berkey et al. 

2004 

 

Longitu

dinal 

 

USA 16,771 

Growing Up 

Today Study 

9-14 years 

old 

participants 

(GUTs) 

 

Milk consumption declined 

significantly each year, 

while soda intake 

significantly increased. For 

boys, linear association 

between SSB consumption 

and weight gain. For girls 

who reported one daily 

serving of SSB gained more 

BMI significantly. 

Consumption of SSBs was 

associated with small BMI 

gains during the 
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corresponding year. 

Relation 

between 

Consumption of 

Sugar-

Sweetened 

Drinks and 

Childhood 

Obesity: A 

Prospective, 

Observational 

Analysis 

 

Ludwig et al. 

2001 

 

Longitu

dinal 

 

USA 548 

schoolchildr

en, aged 11-

12 years 

 

For each additional serving 

of SSB consumed, both BMI 

and frequency of obesity 

increased. Consumption of 

SSBs is associated with 

obesity in children 
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Appendix H Abstraction Table of Studies on the Association between SSBs and 

Caries 2000-2017 

 
Title Author/Year 

 

Study 

design 

Country Population Results 

Association of 

Sugar-

Sweetened 

Beverage Intake 

during Infancy 

with Dental 

Caries in 6-year-

olds 

 
 
 
 

Park et al. 

2015 

 

Longitu

dinal 

 

USA 1,274 

children 

were part of 

the Infant 

Feeding 

Practice 

Study (IFPS) 

II in 2005-

2007 and a 

Year 6 

Follow-Up 

(Y6FU) 

SURVEY 

IN 2012 

 

Dental caries was 

significantly associated with 

average frequency of SSB 

intake at 10–12 months of 

age, but not with any SSB 

intake during infancy or age 

at SSB introduction during 

infancy. The proportion of 

children with at least one 

dental caries by 6 years of 

age was highest among 

children who were fed SSBs 

≥ 3 times/week at 10–12 

months of age. 

Early Childhood 

Caries and 

Intake of 100 

percent Fruit 

Juice 

 

Vargas et al. 

2014 

 

Cross-

section

al 

USA 2,290childre

n who had 

complete 

dental 

examination 

& dietary 

recall data, 

aged 2-5 

years old 

No association between 

consumption of 100% fruit 

juice in the previous 24 hrs 

and dental caries among 

young children in 

NHASNES 1999-2004 

 

Dietary Intake 

and Severe 

Early Childhood 

Caries in Low-

income, Young 

Children 

 

Evans et al. 

2013 

 

Cross-

section

al  

USA 

 

808 low-

income, 

racially 

diverse 2-6 

years old 

children 

recruited in 

2004-2008 

from three 

pediatric 

dental 

clinics in 

Columbus, 

OH; 

Cincinnati, 

OH & 

Washington, 

DC 

children with severe ECCs 

consumed 3.2-4.8 fl oz more 

SSBs than caries-free 

children. Children with the 

highest SSB intake were 2.0 

to 4.6 times more likely to 

have severe ECCs compared 

with those with the lowest 

intake, depending on dietary 

assessment method (24-hr 

recall or FFQ) 

 

Cariogenicity of 

Soft Drinks, 

Milk and Fruit 

Juice in Low-

income African-

American 

Children 

 

Lim et al. 

2008 

 

Longitu

dinal 

 

USA 369 Black 

children 

aged up to 5 

years with 

family 

income 

lower than 

25th 

percentile of 

the federal 

poverty 

guidelines 

Children with high 

consumption of soft drinks 

over time, or those who 

increase their consumption 

of soft drinks relative to 

consumption of milk & 

100% fruit juice are at 

higher risk of developing 

dental caries. 
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The Roles of 

Meal, Snack, 

and Daily Total 

Food and 

Beverage 

Exposures on 

Caries 

Experience in 

Young Children 

 

Marshall et al. 

2005 

 

Longitu

dinal 

 

USA 634 children 

participated 

in Iowa 

Fluoride 

study with 

age at dental 

examination 

4.5-6.8 years 

 

Children with the highest 

consumption of soda pop 

and all SSBs had an 

increased caries experience 

compared to children with 

lower consumption. SSBs 

consumption showed a 

negative effect to oral health 

regardless of the 

consumption timing, while 

100% fruit juice showed a 

lesser negative effect on the 

oral health. 

Dental Caries 

and Beverage 

Consumption in 

Young Children 

 

Marshall et al. 

2003 

 

Longitu

dinal 

 

USA 642 subjects 

aged 1-5 

years who 

are members 

of the Iowa 

Fluoride 

Study  

 

Subjects with caries had 

lower intakes of milk at 2 

and 3 years of age than 

subjects without caries. 

Subjects with caries had 

higher intakes of soda pop 

and total sugared beverages 

than subjects without caries. 

High intakes of regular 

beverages from powder and 

regular soda pop were 

associated with significantly 

increased  caries experience 

relative to subjects with 

none or low intakes. 
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Appendix I Abstraction Table of Studies on the Association between SSBs, BMI 

and Caries 2000-2017 

 
Title Author/Year 

 

Study 

design 

Country Population Results 

Assessing 

Associations 

between Caries 

Prevalence and 

Body Mass 

Index and 

Nutritional Data 

among Children 

Aged 6-12 years 

old 

 
 

 

Mitrakul et al. 

2016 

 

Cross-

section

al 

Thailand 

 

100 children 

6-12 years 

old 

randomly 

selected 3rd 

to 5th grade 

students 

attending 

Suan 

Missakawan 

or 

Rujiseriwitth

aya School, 

Bangkok, 

Thailand. 

Overweight and underweight 

children did not have a 

significantly different 

number of DMFT than 

normal weight children. The 

number of DMFT did not 

correlate with reported sugar 

or carbohydrate 

consumption. There was no 

significant association 

between BMI and dental 

caries and amount of sugar 

and carbohydrate 

consumption and dental 

caries. 

Relationship 

between Body 

Mass Index, 

Caries 

Experience and 

Dietary 

Preferences in 

Children. 

 

Sharma et al. 

2009 

 

Cross-

section

al 

India 

 

500 children 

8-12 years 

old reported 

to the 

department 

of 

Pedodontics 

and 

Preventive 

Children 

Dentistry  

 

Children with obesity and 

overweight had statistically 

significant increased 

prevalence of dental caries 

in both primary and 

permanent dentition 

compared to normal weight 

children. Obese and 

overweight children had 

frequent preference to sweet 

and fatty food snacks 

compared to children with 

normal weight. 

Body Adiposity 

Status in 

Teenagers and 

Snacking Habits 

in Early 

Childhood in 

Relation to 

Approximal 

Caries at 15 

Years of Age 

 

Alm et al. 

2008 

 

Cross-

section

al  

Sweden 

 

402 children 

1-15 years 

old who 

were 1 year 

of age in 

1988 and 

living within 
the districts 

of four of 

the 13 child 

welfare 

centers in 

the 

municipality 

of Jönköping 

Overweight and obese 

adolescents had more 

approximal caries than 

normal-weight individuals. 

The frequent consumption of 

snacking products during 

early childhood appears to 
be a risk indicator for caries 

at 15 years. Positive 

relationship between obesity 

& dental caries. 
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