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Abstract

Objective—To determine the amount of fluoride received from solid foods for a cohort of 

children.

Methods—Parents were asked to complete questionnaires for the preceding week and dietary 

diaries for 3 days for their children. Data collected at 6, 9, 12, 16, 20, 24, 36, 48, and 60 months 

were analyzed cross-sectionally.

Results—At 6 months of age, children ingested an estimated mean of 8 percent of dietary 

fluoride from solid foods. At 12 months of age, children ingested an estimated 39 percent of 

dietary fluoride from solid foods. Although the percentage of fluoride intake from solid foods 

stabilized from 24 to 60 months (means of 36–39 percent), some children received as much as 85–

88 percent of their dietary fluoride from solid foods.

Conclusions—Some children receive a substantial portion of dietary fluoride from solid foods.
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Despite the advances in oral health care, dental caries remains one of the most common 

chronic diseases (1). Fluoride has been established as one of the most important preventive 

tools against dental caries. Public water fluoridation and the availability of fluoridated water 

have been associated with a great decline in the prevalence of dental decay for many 

populations and have been credited with being one of the greatest disease prevention 

methods of all time (2). The US Centers for Disease Control and Prevention has listed water 

fluoridation as one of the 10 great public health achievements of the 20th century (3).

Current evidence suggests that fluoride prevents caries primarily through its presence in the 

oral cavity and that its primary mechanism of action occurs posteruptively (1). Fluoride 

helps to prevent demineralization and to promote remineralization of early carious lesions. 
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Due to fluoride’s posteruptive effects, exposure to low levels of fluoride provides dental 

benefits to people of all ages.

Exposure to high levels of fluoride can lead to the development of dental fluorosis. Dental 

fluorosis is the result of excessive systemic intake of fluoride during enamel formation. Due 

to the fact that fluorosis can only occur during enamel formation, it is important to better 

understand the fluoride intake of young children (1). Excessive intake of fluoride can come 

from dietary sources (water, foods, and other beverages) and non-dietary sources, such as 

ingested toothpaste. There is evidence that the prevalence of dental fluorosis has increased 

(4).

Early researchers empirically determined and described an “optimal” fluoride intake of 

0.05–0.07 mg of fluoride per kilogram of body weight (F/kg bw) (5–7). McClure estimated 

that children who ingested water optimally fluoridated at 1.0 ppm, in addition to other 

dietary sources, received about 0.05 mg F/kg bw, which later became the basis for the so-

called “optimal” fluoride intake. It is unclear exactly how the upper limit of that range came 

into existence. This range has since been designated or stated as the optimal level for 

fluoride intake by many researchers, although there has been no scientific validation of this 

range for being considered “optimal.” There has never been a clear definition as to what the 

range is optimal for; is it for caries prevention or is it for the prevention of fluorosis?

This “optimal” range was estimated before the widespread use of topical fluorides and other 

fluoride exposures, and prior to the generalized, widespread distribution of beverages. 

Historically, tap water has been the primary source of fluoride for most children. However, 

with improved access to a wide variety of other beverages, water may no longer be the 

primary beverage consumed. Contemporary US dietary intakes suggest there has been an 

increase in the consumption of prepackaged foods and beverages, and children are now 

exposed to a wide variety of fluoride containing foods, beverages, and supplements (8,9).It 

is important to look at many of these different sources of fluoride intake in light of the 

increasing prevalence of dental fluorosis and greater emphasis on esthetic perceptions 

currently being seen in the United States and other developed nations (4).

In 1997, the Institute of Medicine (IOM) released its upper limit recommendations for 

dietary intake of fluoride (10). The upper limit is defined as the level below which there is 

unlikely to be any adverse health effects in healthy people. The IOM recommended these 

upper limits to be: 0.7 mg/day for children from birth to 6 months of age, 0.9 mg/day for 7 

to 12 months of age, 1.3 mg/day for 1 to 3 years of age, and 2.2 mg/day for 4 to 8 years of 

age. These upper limits based on 0.1 mg F/kg body weight and average weights for children 

of those ages are meant to avoid the adverse cosmetic effect of moderate enamel fluorosis. 

The IOM also released adequate intakes (AIs) for fluoride ingestion (10). AIs are used as 

guides for nutrient intakes for individuals and are generally regarded as compatible with 

health. The IOM AIs for fluoride are: 0.01 mg F/day from birth to 6 months, 0.5 mg F/day 

for 7 to 12 months, 0.7 mg F/day for 1 to 3 years of age, and 1 mg F/day for children 4 to 8 

years of age.
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Few studies have looked at the amount of fluoride consumed by children from solid foods. 

Most of the previous dietary fluoride studies looked primarily or exclusively at the estimated 

fluoride intake from beverages, with or without foods, commonly consumed by children. 

These studies generally did not examine the actual foods being consumed by a group of 

children, but instead used a “market basket” approach or linked fluoride level assay results 

to dietary surveys (5–7). More recent studies estimated the amount of fluoride consumed 

from foods by children, but they were done in countries that have different diets, climates, 

and standards of living than our own, thus precluding generalizability to US children (4,11–

13). A few studies have looked at the dietary fluoride intake of samples of populations more 

similar to the United States, but only included a small number of children and the data were 

only collected at one point in time (14,15).

The purposes of this paper are to describe fluoride intake from birth to 60 months of age 

from dietary sources using data collected from diet diaries and to assess relationships of 

demographic characteristics with patterns of fluoride intake. These dietary sources consist of 

only solid and liquid food items, and not fluoride supplements or therapies. An emphasis has 

been placed on the fluoride intake from solid foods, as previous studies, including our own, 

have focused more on fluoride intake from beverages (8,16,17).

Methods

This was a secondary data analysis conducted on data collected as part of the Iowa Fluoride 

Study (IFS). The overall goal of the IFS has been to investigate the dietary (foods, 

beverages, and supplements) and non-dietary (dentifrices, dental rinses, and gels) fluoride 

exposures and intake and their relationships with dental fluorosis and caries in both the 

primary and permanent dentitions. The IFS is a prospective, longitudinal investigation 

concerning a cohort recruited at birth from eight Iowa hospitals from March 1992 to 

February 1995, and has been discussed in more detail previously (8,16,17). Institutional 

review board approval and parental consents were obtained. At recruitment, the following 

initial baseline data were collected from the mothers while they were still in the hospital 

with their newborns: their age, educational level, family income, number of children in the 

household, water sources, and infant feeding plans. A composite socioeconomic status (SES) 

was estimated for each child as follows: a) low SES was defined as family income ≤$30,000 

and mother not having a 4-year college degree; b) high SES was defined as family income ≥

$50,000 and/or mother having graduate or professional schooling; and c) middle SES was 

defined as everything else. Food frequency questionnaires and 3-day food and beverage 

diaries were sent to the mothers when the children were aged 6 weeks and at ages 3, 6, 9, 12, 

16, 20, 24, 28, 32, 36,40, 44, 48, 54, 60, 66, and 72 months (8,9).

Parents were asked to complete 3-day food and beverage diaries. They were to record all 

foods and beverages that the child consumed during a 72-hour period, including one 

weekend day and two weekdays. For each day that dietary data were recorded, the parents 

were asked to list the day, date, if the child was in day care, and if the child was ill that day 

or not. The parents were instructed to list the time of day the foods and/or beverages were 

consumed, the location where the foods or beverages were consumed (i.e., at home, day 

care, or out), type of food or beverage, brand name, and other details, such as the size of the 
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container, method of preparation, and the amount the child ate and drank. If water was 

consumed as a beverage or used during food preparation, the parents were requested to 

indicate the water source (i.e., tap, bottled, etc.). For mixed dishes such as casseroles, 

sandwiches, etc., the parent was requested to list the individual ingredients and their 

amounts. If the child went to day care, then the parents were requested to ask the day care 

provider to record everything that the child ate and drank while at the day care. A summary 

was included to instruct parents and providers on how to record portion sizes. A contact 

number was included in case the parents had any further questions (18).

Individual water sources and those using filtration were analyzed for fluoride concentration 

annually and when water sources changed. Nonfiltered public water sources’ fluoride 

concentrations were obtained from the Iowa state health department on a monthly basis. 

Ready-to-drink beverages and ready-to-eat foods were purchased and assigned fluoride 

levels based on extensive analyses by category conducted as part of the IFS. The IFS 

research team has analyzed thousands of food and beverage items for fluoride content (19–

22). Parents also provided children’s body weights, allowing the IFS team to calculate 

fluoride intake per unit body weight for each time period (9).

The 3-day food and beverage diaries provided the ability to capture specific details regarding 

the fluoride exposures of the children. The diaries included the brand name of the product 

consumed, the flavor of the product, whether it was diet or regular (if applicable), container 

size, etc. The 3-day food and beverage diaries were product-specific, allowing the IFS team 

to assign specific fluoride values to each food and beverage listed in the diaries (18).

Statistical methods

Basic descriptive statistics are reported at each of the analyzed time points. Dietary fluoride 

intakes were not normally distributed. Distributions of dietary fluoride intake were described 

in percentiles.

Data were analyzed using SAS (Version 9.1.3 Service Pack 4, 2008, SAS Institute Inc., 

Cary, NC, USA).

Results

Demographics of the entire recruited population are summarized in Table 1. Parents overall 

were relatively well educated and of higher SES. The study sample was predominantly 

white, similar to the population of Iowa.

The sample sizes at each analyzed time point are reflective of the children for whom 3-day 

food and beverage diaries were completed at each analyzed time point. Sample sizes ranged 

from 376 to 670. Response rates were higher at younger ages and trended lower with 

ongoing attrition as the age of study participants increased. Table 2 shows the estimated 

daily total fluoride intakes (in milligrams) from food and beverage sources by age as 

analyzed from the 3-day food and beverage diaries. The distributions were positively 

skewed, with the means being consistently higher than the medians. The largest absolute and 

proportional differences between the means and medians were found at 6 and 9 months of 
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age. Maximum intakes tended to be four to five times as great as the means. When 

evaluating estimated dietary fluoride intakes as reported in the diaries, about 25 percent of 

children at 6 months of age ingested amounts greater than the tolerable upper intake limit 

(UL) of 0.7 mg/day. Again, using dietary fluoride intakes as reported from the diaries at 12 

months of age, about 5 percent of the children ingested amounts greater than the tolerable 

UL of 0.9 mg/day. At 24 and 36 months of age, using intakes reported from the diaries, less 

than 5 percent of children ingested amounts of fluoride greater than the tolerable UL of 1.3 

mg/day. At 48 and 60 months of age, using intakes reported from the diaries, less than 1 

percent of the children ingested amounts of fluoride greater than the tolerable UL of 2.2 mg/

day.

Tables 3 and 4 present the estimated fluoride intakes from all beverages and all solid foods 

(excluding beverages), respectively, as analyzed from the diaries. Again, the distributions are 

skewed, with means being consistently higher than the medians. This is more pronounced in 

the total fluoride from beverage data than the total fluoride from solid foods data, as well as 

the 6- and 9-month intakes. For example, at 6 months of age, children in the 90th percentile 

and above received more than 2.3 times the amount of fluoride from beverages as the mean. 

At 9 months of age, children in the 90th percentile and above received more than 2.2 times 

the amount of fluoride from beverages as the mean. At 6 months of age, children in the 90th 

percentile and above received more than 2.6 times the amount of fluoride from solid foods 

as the mean.

Table 5 illustrates the distribution of estimated percentages of daily total dietary fluoride 

intake from solid foods as recorded in the 3-day food and beverage diaries. Means were 

consistently higher than the medians. Mean solid intakes were about 40 percent of total 

dietary intakes for ages 12–60 months. About 25 percent at each age from 12 to 60 months 

received ~50 percent+ of intake from solids, and ~10 percent received 60–70 percent+ from 

solids from 12 to 60 months.

When estimating daily fluoride from specific solid food categories, at 6 months of age, baby 

foods provided the highest levels of daily fluoride intake with a mean value of 0.01 mg F/

day. At 12 and 24 months of age, grains, cereals, and starches (with or without water) 

provided the highest levels of fluoride intake (mean values of 0.05 mg F/day and 0.07 mg F/

day, respectively). Grains, cereals, and starches (with or without water) provided the highest 

levels of fluoride intake from solid foods for 36 months (mean value of 0.08 mg F/day), 48 

months (mean value of 0.08 mg F/day), and 60 months (mean value of 0.09 mg F/day) of 

age as well.

When estimating daily fluoride intake from specific beverage categories, at 6 and 12 months 

of age, powdered concentrate infant formula prepared with water provided the highest levels 

of daily fluoride intake (mean values of 0.34 mg F/day and 0.09 mg F/day, respectively). At 

24 and 36 months of age, water by itself provided the highest levels of daily fluoride intake 

(mean values of 0.09 mg F/day and 0.10 mg F/day, respectively). At 48 and 60 months of 

age, water by itself provided the highest levels of daily fluoride intake from specific 

beverages as well (0.11 mg F/day and 0.12 mg F/day, respectively).
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Discussion

When considering the results from this study, one can see that some children received 

substantial amounts of fluoride from dietary sources alone, not taking into consideration the 

amount of fluoride that is ingested from non-dietary sources (supplements, dentifrices, etc.), 

which has also been shown to be substantial. This high level of fluoride ingestion from 

dietary sources alone places these children at increased risk for developing dental fluorosis.

At 12 months of age, we found that children ingested an estimated mean of 0.35 mg of 

fluoride from beverages and solid foods per day. Chowdhury et al. used the duplicate plate 

technique, as well as estimations of the amount of breast milk consumed, during a 3-day 

period to estimate that children 11 to 13 months of age residing in a fluoridated area of New 

Zealand ingested a mean amount of 0.26 mg of F/day. Chowdhury et al. found that there was 

a high degree of breast-feeding for the infants. This could account for the lower levels of 

fluoride when compared to the results of this study, since human milk is very low in fluoride 

(23).

Very few of the children were exclusively breast-fed (i.e., did not receive other beverages or 

food except water). At 6, 9, and 12 months of age, only 1.4 percent, 0.1 percent, and 0.1 

percent of the sample, respectively, were exclusively breastfed. A larger percentage of 

children received at least some breast milk at 6, 9, and 12 months of age (27.1 percent, 18.4 

percent, and 11.8 percent, respectively). Fluoride intake during infancy probably would be 

lower for other samples with much higher breast-feeding rates.

At 24 months of age, we found that children ingested an estimated daily mean of 0.48 mg of 

fluoride from beverages and solid foods, as calculated from diet diaries. de Almeida et al. 
used the duplicate plate technique, on two separate days over a 1-week period in two seasons 

(winter and summer). They found that 33 Brazilian children, living in fluoridated areas 

(mean of 0.76 ppm water fluoride level), with a mean age of 27 months, ingested a mean of 

0.31 mg of fluoride per day from dietary sources, with most of the children’s fluoride intake 

from water and milk (mainly powdered milk reconstituted with fluoridated water). The 

differences between our results and these are most likely attributed to different assessment 

techniques and other sources of fluoride, such as beverages containing fluoride, that were 

consumed by the children in this study. This would explain the relatively large discrepancy 

in the means between the two studies (24).

Rojas-Sanchez et al. found that children with a mean age of 28 months residing in optimally 

fluoridated Indianapolis ingested a mean daily amount of 0.54 mg of fluoride from foods 

and beverages, as collected by the duplicate plate technique on 2 or 3 separate days over a 1-

week period (25). For children residing in fluoridated areas, this study found mean daily 

amounts of 0.52 and 0.54 mg of fluoride ingested from solid foods and beverages at 24 and 

36 months of age, respectively, which corresponds very well with the findings of Rojas-

Sanchez et al. despite the differences in assessment techniques.

Martínez-Mier et al. found, through collection of duplicate plates on two weekdays and one 

weekend day, that 21 children with a mean age of 30 months residing in Mexico City (which 

does not have water fluoridation, but does have an optimal level of salt fluoridation) ingested 
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a mean daily amount of 0.52 mg of fluoride from diet only (4). Again, this amount is in 

close approximation to the mean daily amounts of fluoride found in this study for children 

residing in fluoridated areas at 24 and 36 months, 0.48 mg and 0.52 mg, respectively.

This study has several limitations. The initial study sample, while recruited from eight 

different hospitals, was a convenience sample and not truly representative of a defined 

population. This cohort is a more general representation of healthy children born in those 

hospitals from mothers who were planning on living in the area for at least 4 years, in order 

to be able to track dental outcomes. Based on the previously defined SES categorization, the 

initial sample at recruitment was mostly middle/high SES (76 percent), and the children who 

stayed in the study long term were with even higher SES, with approximately 80 percent 

being in the middle or high SES categories. The study sample was predominantly white (97 

percent). The feeding habits of children in Iowa, as well the years of data collection also 

present possible differences from other study populations and time periods. These sample 

characteristics limit the generalizability of the results.

Another limitation that needs to be mentioned is that data were collected through self-report. 

It was not possible to validate data on the food and beverage diaries. Since data were only 

analyzed up to 60 months of age, it is important not to generalize the results beyond this age. 

Sample sizes varied at the different time points due to attrition and period-specific 

nonresponse.

This study provided a more detailed look at dietary fluoride intake, in particular fluoride 

intake from solid foods, when compared to previous studies. Previous studies mostly have 

reported on solid foods as one general category and were not able to achieve the level of 

detail found in this study. The nature of data collection and analysis allowed this study to 

report on specific solid foods that made significant contributions to total dietary fluoride 

intake.

Conclusion

This study showed that there was substantial variation in dietary fluoride intake across 

subjects and across ages. Very few subjects ingested levels of dietary fluoride greater than 

the tolerable upper limit, which might place them at elevated risk of developing dental 

fluorosis. A small percentage of subjects had very low levels of dietary fluoride intake. A 

majority of dietary fluoride intake came from beverages. A smaller percentage of subjects 

received substantial amounts of fluoride from solid foods, showing that solid foods can be 

important contributors to dietary fluoride intake, and possibly the risk of developing 

fluorosis, for some subjects.

Further research is needed in this area to confirm these findings. It would also be beneficial 

to see if these findings hold true with study populations and age groups different than in 

these analyses.
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Table 1

Demographics of the Entire Recruited Population (n = 1,882)

Variable Category Percentage

Sex
Male 48.5

Female 51.5

Race
White 97.2

Other 2.8

Mother’s age

≤20 years old 10.6

21–25 years old 22.1

26–30 years old 32.6

31–35 years old 24.6

>35 years old 10.1

Income

≤$19,999 23.8

$20,000-$39,999 35.6

$40,000-$59,999 26.4

>$60,000 14.2

Mother’s education

High school or less 21.9

Some college 33.9

College graduate or more 44.1

Father’s education

High school or less 26.7

Some college 27.0

College graduate or more 39.0

Socioeconomic status (SES)*

Low 20.5

Middle 40.1

High 35.9

Not listed 3.5

*
SES was defined from recruitment questionnaires from 1992 to 1995. Low SES was defined as family income ≤$30,000 and mother did not have a 

4-year college degree. High SES was defined as family income ≥$50,000 and/or mother had graduate or professional schooling. Middle SES was 
defined as everything else.
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