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Abstract

Objective: To determine the relative validity of a quantitative FFQ in assessing
dietary fluoride intakes using 3 d food and beverage diaries for reference.
Design: Parents were asked to complete questionnaires for the preceding week and
diaries for 3 d for their children. Fluoride intakes were estimated from ‘selected’
foods and beverages for questionnaires and from ‘all foods and beverages’ for
diaries. Data collected at 6, 9, 12, 16, 20, 24, 36, 48 and 60 months were analysed
cross-sectionally.
Setting: A 3d food and beverage diary and an FFQ collected through mail from
children living in the state of Iowa.
Subjects: Children from the Iowa Fluoride Study whose parents completed both an
FFQ and a 3d food and beverage diary at each analysed time point.
Results: Correlations between daily mean dietary fluoride intake estimated from
questionnaires and diaries range from 0?90 to 0?65.
Conclusions: A quantitative FFQ can provide relative estimates of dietary fluoride
intake.
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When seeking to assess dietary intakes at the population

level, investigators have to consider many factors before

choosing the type of dietary assessment tool. Factors to be

considered include how detailed, population-specific and

expensive the tool will be for the purpose of the study(1).

Although multiple 24 h recalls and diet diaries can provide

valid assessments of an individual’s usual intake and a level

of detail not possible with other approaches, they can be

very time-consuming and expensive to administer, com-

plete and analyse. The level of detail provided by these

approaches may not be necessary or practical for studies

with large sample sizes(2).

When conducting epidemiological studies with large

sample sizes, it is often important to use a dietary

assessment tool that is not only valid but also easy to use

for both the research participant and the researcher, and

that also minimizes costs(3). The FFQ was created in an

attempt to obtain a self-administered, inexpensive and

rapid estimate of usual intake and is usually constructed

to emphasize the recording of the intake of one or more

nutrients of interest.

Fluoride has long been recognized as an effective agent

in preventing dental caries. Constant, low levels of

fluoride in the mouth help to prevent caries by promoting

remineralization and by helping to inhibit demineraliza-

tion(4). This low concentration of fluoride in the oral

cavity is obtained through direct contact with fluoride

agents (i.e. ingesting foods and beverages with fluoride)

and also through the secretion of fluoride from the salivary

glands as a result of systemic intake(5). The major health

concerns of high levels of fluoride intake are increased risk

of developing dental and/or skeletal fluorosis(4).

Marshall et al.(2) evaluated the relative validity of a

semiquantitative beverage questionnaire in assessing bev-

erage volumes as well as Ca and vitamin D intakes using

3 d diet diaries for reference measurements. The Spearman

correlations for beverage intake were high for human

milk (r 5 0?99 at 6 months), infant formula (r 5 0?84 at

6 months), cow’s milk (r 5 0?86 at 6 months and r 5 0?76 at

12 months) and juice/juice drinks (r 5 0?69 at 6 months

and r 5 0?64 at 12 months). Correlations for Ca and vitamin

D at 6 months were r 5 0?64 and 0?80, respectively, com-

pared with r 5 0?67 and 0?60, respectively, at 12 months.

The correlation for water intake was not quite as high at

6 months (r 5 0?54) but increased to r 5 0?70 at 12 months.

These findings are important because most dietary fluoride

comes from beverages and these results show high cor-

relations for beverage intake estimates between ques-

tionnaires and diaries.

Araujo et al.(6) analysed the relative validity of a semi-

quantitative FFQ (in addition to estimating the calibration

factors) designed to estimate the usual food intake
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of adolescents. The study sample consisted of adolescents

living in Rio de Janeiro, Brazil. The Pearson correlation

coefficients were r 5 0?17 for Fe intake, r 5 0?33 for total

fat intake, r 5 0?46 for the intake of carbohydrates and

r 5 0?47 for Ca and fibre intakes.

Hacker-Thompson et al.(7) analysed the validity of two

Ca-intake questionnaires. The study sample consisted of

community-dwelling women over 18 years of age. The

Pearson correlation coefficient for each Ca-intake ques-

tionnaire was r 5 0?37 when compared with the 3 d mean

Ca intake from a 3 d food record.

In 1997, the Institute of Medicine (IOM) released its

upper limit (the level below which there is unlikely

to be any adverse health effects in healthy people)

recommendations for dietary intake of fluoride(8). The

IOM recommended these upper limits to be: 0?7 mg/d,

0?9 mg/d, 1?3 mg/d and 2?2 mg/d for children from birth

to 6 months, 7–12 months, 1–3 years and 4–8 years of age,

respectively, based on 0?1 mg fluoride/kg body weight

and average weights for children of those ages. The IOM

also released Adequate Intakes (AI; used as guides for

nutrient intakes for individuals and generally regarded as

being compatible with health) for fluoride ingestion(8).

The IOM AI values for fluoride are 0?01, 0?5, 0?7 and 1 mg

fluoride/d from birth to 6 months, 7–12 months, 1–3 years

and 4–8 years of age, respectively.

Previous research has attempted to determine the

relative validity of FFQ in estimating nutrient as well as

food and beverage intakes. To date, no study has deter-

mined the relative validity of an FFQ that estimates the

intake of dietary fluoride. The purpose of the present

research was to determine the relative validity of an FFQ

developed as part of the Iowa Fluoride Study (IFS) in

assessing fluoride intakes using 3 d food and beverage

diaries for reference measurements.

Methods

This was a secondary data analysis conducted on data

collected as part of the IFS. The overall goal of the IFS has

been to investigate dietary (foods and beverages) and

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

exposures and intakes and their relationships with dental

fluorosis and caries in both primary and permanent

dentitions. The IFS is a prospective, longitudinal investi-

gation on a cohort recruited at birth from eight Iowa

hospitals from March 1992 to February 1995 and has been

discussed previously in more detail(5,9–11). The University

of Iowa Institutional Review Board approved the study

protocol and all participants provided written informed

consent. At recruitment, the following initial baseline

data were collected from the mothers while they were

still in the hospital with their newborns: their age, edu-

cational level, family income, number of children in the

household, water sources and infant feeding plans.

Questionnaires developed specifically for the IFS and 3 d

food and beverage diaries were sent to the mothers when

the children were 6 weeks of age, and subsequently every

3 months from 3 to 12 months of age, every 4 months

from 12 to 48 months of age and every 6 months from 48

to 72 months of age, for a total of eighteen cross-sectional

assessments over a period of 6 years(12).

The study questionnaires were mailed to participants at

the designated time points (i.e. 6 weeks, 3 and 9 months,

etc.) and included items relating to the children’s fluoride

exposures from dietary and non-dietary sources during

the previous time period (i.e. 6–9, 9–12 months, etc.). The

questionnaires included specific series of questions

regarding the home water supply (such as where did the

tap water come from, i.e. is it from a public water supply,

from a private well, community well, etc.), whether a

water softener was used and what type of filtration system

was used, if any. The amount of time the child spent at

childcare and/or school and the fluoride levels, origin

and filtration status of the water sources of the childcare

and/or school were collected as well. A semiquantitative

FFQ was a component of the study questionnaire and

respondents were asked to list the frequency and quantity

of the following food and beverage categories consumed

during the 7 d: (i) water by itself; (ii) water mixed with

other foods and beverages; (iii) ready-to-drink beverages

not mixed with water; and (iv) ready-to-feed foods not

mixed with water. Items 2, 3 and 4 were divided into a

number of subcategories to assess intake. This tool has

been evaluated for validity previously(2).

The FFQ focused on capturing the major dietary cate-

gories of fluoride exposures in the children. In most

instances, the FFQ did not include complete specific

information, such as the brand name of the product

consumed, the flavour of the product, the container size,

etc. Therefore, the FFQ was more category specific. From

6 to 20 months, the following categories were captured

on the FFQ: water by itself, powdered concentrate infant

formula (with water), liquid concentrate infant formula

(with water), ready-to-feed infant formula, milk, breast

milk from pump, ready-to-feed juices/juice drinks (drank

as purchased), ready-to-feed juices/juice drinks (diluted),

non-juice beverages (drank as purchased), frozen con-

centrate (mixed as directed), frozen concentrate (diluted),

powdered concentrate, ready-to-feed baby food, dry

powdered infant cereal or other dry powdered cereal or

food, and other food prepared with water. From 24 to

60 months, the following categories were captured on

the FFQ: water by itself, milk, ready-to-feed juices/juice

drinks (drank as purchased), ready-to-feed juices/juice

drinks (diluted), non-juice beverages (drank as pur-

chased), frozen/liquid concentrate (mixed as directed),

frozen/liquid concentrate (diluted), powdered con-

centrate, food prepared only with water (i.e. Jell-O�R ),

food prepared with some amount of water (i.e. canned

soup) and food cooked in water (i.e. rice, pasta, etc.).
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There were a total of sixteen items on the questionnaires

for participants from 6 to 20 months of age and eleven

items for participants from 24 to 60 months of age.

To quantify fluoride intake, each food or beverage

category included on the questionnaire was assigned an

average fluoride concentration value for the non-water

portion of the beverage or food. These average fluoride

concentration values were weighted averages of the assays

of food and beverages that were tested and found to be the

most commonly consumed across the cohort(13–16).

Parents were also asked to complete 3 d food and bev-

erage diaries (see Fig. 1). The diary format was essentially

the same for each of the time points. They were to record

all foods and beverages that the child consumed during

a selected 72h, including one weekend day and two

weekdays. If the child went to childcare, the parents were

requested to ask the daycare provider to record everything

the child ate and drank while at daycare. The diaries were

primarily completed by the parents. For each day that

dietary data were recorded, the parents (or childcare

providers) were asked to list the day, date, whether the

child was in childcare and whether the child was ill that

day or not. The parents (or childcare provider) were

instructed to list the time of day the food and/or beverages

were consumed, the location where the foods or bev-

erages were consumed (i.e. at home, childcare or other

location), the type of food or beverage, brand name and

other details such as the size of the 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 each ingredient and its amount. An informational

summary was included with each mail to instruct parents

on how to record portion sizes. A contact number was

included in case the parents had any further questions.

To account for fluoride consumed through water,

intakes were evaluated on an individual basis to deter-

mine water sources. Non-public water sources and those

using filtration systems were analysed for fluoride con-

centration annually. If water was from a public source

and without a home filtration system, fluoride con-

centrations were obtained from the Iowa State Health

Department on a monthly basis. Samples of many ready-

to-drink beverages and ready-to-eat foods that were

reported in the FFQ and 3 d food and beverage diaries

were purchased, analysed at the University of Iowa

College of Dentistry laboratory and assigned fluoride

levels as part of the IFS. The IFS research team has

analysed thousands of food and beverage items for

fluoride content. Approximately 10 % of the samples

were randomly selected for duplicate analyses. A mean

reproducibility rate of 97 % was found(13–16).

The FFQ and 3 d food and beverage diaries were

reviewed and estimates of daily intake were derived. For

example, the FFQ asked parents (or childcare providers)

to record intakes over the previous 7 d. Individual

Day:_______________     Date:_____/______/_____   
Was this a childcare day? ______Yes   ______No 

Was this a school day? ______Yes    ______No 
Was your child ill today?  ______Yes   ______ No 

Did your child take any vitamin or Ca supplements?  ______Yes   ______No 

(If yes, please list specific  brand, type and amount below)

Time
(hours) 

Place:
H – Home
C – Childcare 
S – School 
O – Out

Food, beverages and vitamin or 
Ca supplements 
(complete product description) 

Brand name 
(for foods and 
beverages)

 

Container size 
(for beverages)

Type and/or 
preparation:
(e.g. made from
concentrate)

Water from: 
H – Home tap 
C – Childcare 
 S – School 
O – Out 
B – Bottled

Amount ate 
and drank

Do not 
write 
here

        
        
        
        
        
        
        
        
        
        
        
        

Note: Brand names, complete product description and the manufacturer’s container  size are needed for all beverages. We will determine 
fluoride values on the basis of this information. If you have any questions on how to complete this information, please refer to the example
page or call us at 1-888-857-7038 if you need further assistance. Thank you.

Fig. 1 Three-day food and beverage diary entry form
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food and beverage entries were multiplied by the amount

of fluoride per unit of measurement, then summed up

and divided by 7 to determine an estimate of average

daily intake. Each food item in the diary was evaluated

by registered dietitians to determine its fluoride con-

tribution. Weighted weekly averages of the 3 d intakes

were computed to determine an estimate of average

daily intake. To determine the weighted weekly average,

the day-specific fluoride totals were extrapolated to

five weekdays and two weekend days. These totals

were then divided by 7 to derive the average daily intake

for a week.

The 3 d food and beverage diaries provided the ability

to capture specific details regarding the dietary fluoride

intakes of the children. The diaries included the brand

name of the product consumed, the flavour of the pro-

duct, whether it was sugar-free or regular (if applicable),

container size, etc. Therefore, the 3 d food and beverage

diaries were product specific. Using this information, the

IFS team was able to assign specific fluoride values from

the fluoride assay results to the majority of foods and

beverages listed in the diaries.

Responses were systematically reviewed by at least

two study members before data entry. Two methods were

used to assess the quality of the response to questionnaires

and diaries. First, the 3 d food and beverage diaries were

used to cross-check the questionnaires with regard to the

types of beverages and foods consumed(5). Second, the

reliability of the responses from the FFQ was assessed

through telephonic interviews for selected questions

7–10 d after the initial questionnaires were completed.

None of the children had siblings who were also a part

of the study. For children aged 6 weeks–36 months,

approximately 320 questionnaires (approximately 90 % of

unique individuals) were assessed for reliability, with

agreement being approximately 96–97 % for questions

on water filtration status and approximately 94 % for

water consumption(10). Of the questionnaires collected

from 36–72-month-old children, approximately 260 ques-

tionnaires (.80 % unique individuals) were assessed for

reliability, with an agreement of approximately 96 % for

water filtration status(12).

Statistical methods

Non-parametric tests were used for analyses because

dietary fluoride intakes were not normally distributed.

The Wilcoxon signed-rank test was used to determine

the statistical significance of differences between dietary

fluoride intakes as recorded in 3 d food and beverage

diaries and the FFQ. Spearman’s correlation coefficients

were used to compare dietary fluoride intakes from diaries

compared with questionnaires.

Data were analysed using the SAS statistical software

package version 9?1?3 (service pack 4, 2008; SAS Institute

Inc., Cary, NC, USA). A P value of ,0?05 was considered

statistically significant.

Results

Demographic characteristics of the study sample are pre-

sented in Table 1. Parents were relatively well educated

and of higher socio-economic status (SES). The study

sample was predominantly white, similar to the population

of Iowa.

The initial sample size of 753 is reflective of the chil-

dren who completed a 3 d food and beverage diary and

an FFQ at the first time point of collection (6 weeks of

age). Sample sizes ranged from 376 to 670 at the different

ages analysed for the present study. Inclusion in analysis

required that both a 3 d food and beverage diary and an

FFQ be present at the analysed age. Response rates were

higher at earlier ages and tended to be lower as the age of

the study participant increased. Table 2 shows the dis-

tributions of estimated daily total fluoride intakes from

dietary sources, to include solid foods and beverages, as

recorded by the 3 d food and beverage diary and the FFQ.

The results were positively skewed, with means being

higher than the medians, and there was substantial var-

iation in the distributions of intakes at all ages (with the SD

mostly being almost as large as the means). Maximum

intakes tended to be four to five times higher than the

means. When evaluating dietary fluoride intakes as

reported in the diaries, 25 % of children from birth to

6 months (Table 2) consumed amounts greater than the

tolerable upper intake limit (UL) of 0?7 mg/d. Again, using

dietary fluoride intakes as reported from the diaries at

12 months of age, 5–10 % of children consumed amounts

greater than the tolerable UL of 0?9 mg/d. At 24 and

36 months of age, using intake values reported from the

diaries, ,5 % of children consumed amounts of fluoride

greater than the tolerable UL of 1?3 mg/d. At 48 and

60 months of age, using intakes reported from the diaries,

Table 1 Demographics of the sample (n 753)

Variable Category %

Sex Male 48?5
Female 51?5

Race White 97?2
Other 2?8

Mother’s educational level Up to high school 21?9
Some college 33?9
College graduate or more 44?1

Father’s educational level Up to high school 26?7
Some college 27?0
College graduate or more 39?0
Other 7?3

SES* Low 20?5
Middle 40?1
High 35?9
Not listed 3?5

SES, socio-economic status.
*SES was defined from recruitment questionnaires from 1992 to 1995; low
SES was defined as family income ,$US 30 000 and mother did not have a
4-year college degree; high SES was defined as family income $$US
50 000 and mother had graduate professional schooling; other combinations
were defined as middle SES.
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,1 % of the children consumed amounts of fluoride

greater than the tolerable UL of 2?2 mg/d.

Spearman’s correlation coefficients for the estimated

mean daily total dietary fluoride intakes from 3 d food and

beverage diaries compared with the FFQ are shown in

Table 3 (all statistically significant). Correlations were

higher at younger ages when the diet was more limited,

with the highest correlations seen at 6 months (r 5 0?90)

and 9 months (r 5 0?85) and a trend towards lower cor-

relations thereafter. The lowest correlation was seen at 60

months (r 5 0?65).

Differences in estimated median daily dietary fluoride

intake between the 3 d food and beverage diaries and

the FFQ are summarized in Table 3. At every analysed

time point, except at 12 months of age, the 3 d food and

beverage diaries yielded higher dietary fluoride intakes

than the FFQ. At 12 months, questionnaires had higher

median fluoride intakes than did diaries, and this was

statistically significant. At 16 months of age, diaries had

higher median fluoride intakes than did questionnaires,

but this was not statistically significant.

Discussion

When considering the results from this secondary data

analysis, one observes that some children received sub-

stantial amounts of fluoride from dietary sources alone,

not taking into consideration the amount of fluoride

ingested from non-dietary sources (supplements, rinses,

dental treatments, etc.), which has also been shown to be

substantial(17). This high level of fluoride ingestion from

dietary sources alone places these children at increased

risk for developing dental fluorosis.

The results of this secondary data analysis suggest that

an FFQ provides useful data on dietary fluoride intake

compared with a 3 d food and beverage diary for asses-

sing intakes from 6 to 60 months of age. Much of the

dietary fluoride intake of an individual is through the

consumption of beverages because of water fluoridation

or use of fluoridated water to produce other beverages. A

detailed FFQ can be designed to capture a significant

amount of information on beverage intake with respect to

nutrients of interest.

This secondary data analysis found significant, positive

correlations between the dietary fluoride intakes recor-

ded from 3 d food and beverage diaries and an FFQ. As

the children grew older and the diet became more varied,

thus potentially making it more difficult to obtain accurate

dietary intake estimates, the correlations between the 3 d

food and beverage diary and the FFQ were still fairly high

and statistically significant. Although the secondary data

analysis showed significant correlations, differences were

observed between the estimated means as reported in

the diaries and questionnaires, with an overall under-

estimation by the FFQ. It is possible that the estimatedT
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fluoride intakes as reported in the FFQ are under-

estimations because parents are unable to fully recall

what their child ate and drank over the previous 7 d, as

opposed to the 3 d food and beverage diary, which is

normally completed after each meal.

The correlations found in this analysis were much

higher than those found by Araujo et al.(6) and Hacker-

Thompson et al.(7). The nutrients measured were different

for each of the questionnaires, which could explain the

difference in correlation coefficients. Study populations

were different as well, which could also lead to differ-

ences in reported results.

Marshall et al.(2) found that, at 6 and 12 months of age,

the same FFQ yielded higher mean values for both Ca and

vitamin D when compared with the 3 d food and bev-

erage diary. This secondary data analysis also found that

the questionnaires yielded higher mean values of dietary

fluoride intake when compared with diaries at 12 months.

The feeding patterns at 12 months and the design of the

FFQ used in the IFS may be such that values recorded on

questionnaires are higher than those from diaries. This

may be due to the limited variability of the child’s diet at

this age and the ease of filling out the questionnaire when

compared with the diary for the limited number of food

categories. In addition, the assignment of fluoride values

is less precise with questionnaires. It is possible that

people may overestimate or forget intakes of foods and

beverages when using an FFQ as they attempt to recall

intake over 7 d compared with a food diary that is com-

pleted shortly after consumption of foods and beverages.

It is important to be cautious when interpreting these

results. In absolute terms, the differences are relatively

minor. For example, the statistically significant difference

found between the median reported intakes from diaries

and questionnaires at 12 months was 0?01mg of fluoride per

day (Table 3). This difference is equivalent to consuming

two teaspoons of water with a fluoride level of 1?0ppm.

These differences need to be placed into context when

interpreting the results from this secondary data analysis.

Another factor that needs to be considered when

interpreting results from this secondary data analysis is

that the fluoride database used for the IFS estimated

breast milk to have a fluoride concentration of 0?01 ppm.

This value is higher than most estimates of the fluoride

concentration of breast milk found in other studies. Using

a fluoride concentration of 0?01 ppm for breast milk,

children who consumed only breast milk might obtain

$0?01 mg of fluoride per day. This secondary data ana-

lysis defined a child as ‘exclusively breast-fed’ if that child

was fed only breast milk and did not receive any other

beverages or food, except water. In this analysis, at

6, 9 and 12 months of age, only 1?4 %, 0?1 % and 0?1 %

of children, respectively, were exclusively breast-fed

(27?1 %, 18?4 % and 11?8 % of children received some

amount of breast milk at 6, 9 and 12 months of age,

respectively). It is possible that the estimated fluorideT
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intake of children in this secondary data analysis who

received only breast milk may be slightly higher than that

found in other studies.

This secondary data analysis has several limitations.

The initial study sample, although taken from eight dif-

ferent 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. On the basis of the previous

parameters used to define SES categories (low SES was

defined as family income #$US 30 000 and mother not

having a 4-year college degree; high SES was defined as

family income $$US 50 000 and mother having graduate

or professional schooling; all other parameters were

categorized as middle SES), the initial sample at recruit-

ment was of middle/high SES (approximately 76 %) and

the children who were long-term participants in the study

were of even higher SES, with approximately 80 %

belonging to the middle and high SES categories. The

study sample was predominantly white (97 %). The

feeding habits of children in Iowa, as well the years of

data collection, also presented possible differences from

other study populations and time periods. These sample

characteristics limit the generalizability of the results.

Children of low SES may show dietary patterns that

are significantly different from children of higher SES,

resulting in different fluoride intakes. The IFS sample was

predominantly white. A study that has a sample with

more racial and ethnic diversity may also present different

results. It is possible that solid foods may be introduced

into the diet earlier or later in populations of different

racial and ethnic backgrounds. This could produce sig-

nificantly different results with regard to dietary fluoride

intake and correlation coefficients compared with those

found in the present study. People of different ethnic

backgrounds living in other countries have been shown

to have very different dietary patterns compared with US

children. A study sample of people from a different nation

of origin living in the USA may have different patterns

of dietary fluoride intake when compared with their

country of origin, as well as compared with a US-born

study sample. There may also be regional differences in

dietary fluoride intake. Individuals in different regions of

the country may consume different quantities of certain

foods and beverages that could result in different dietary

fluoride intake and correlation values compared with

those found in the present study. Differences accruing

between rural and urban settings could be important

considerations as well.

The IFS consisted of children who were generally

healthy. A future area of research could assess the fluor-

ide intake of children with certain health conditions.

They may present with different patterns of fluoride

intake compared with a healthy population. They may

also have more accurate recordings of fluoride intake, as

it is more important for them to closely monitor what they

eat and drink.

Another limitation that needs to be mentioned is that

data were self-reported. It was not possible to validate self-

reported data obtained through food and beverage diaries

or through the FFQ. Moreover, both the questionnaire and

the diary were mailed to the parents at the same time. In

validation studies, it is generally preferable to send the

‘test’ tool, the questionnaire, before the standard, the diary.

Because both were sent at the same time, it is possible that

they were filled out simultaneously or in reverse order,

resulting in an increase in agreement. Further, since the

diaries included the date of completion, it is possible to

have further investigated the extent to which the diaries

were completed before, during and/or after the 7d cov-

ered by the FFQ. Because this was not carried out, it could

be seen as a limitation of this secondary data analysis.

Since data were only analysed up to 60 months of age, it is

important to be cautious when generalizing these results

beyond this age. Sample sizes varied at the different

time points because of attrition and period-specific non-

response. The two different approaches used to collect

dietary information allowed for different levels of detail.

This should be kept in mind when comparing food and

beverage items and amounts recorded in the food and

beverage diaries and reported on the FFQ.

Conclusion

This secondary data analysis has shown that the FFQ

correlates very well with 3 d food and beverage diaries for

estimating dietary fluoride intake from 6 to 60 months of

age. Higher correlations were observed at younger ages

(e.g. 6 and 9 months) when the diet was limited, but even

as children got older (48–60 months) and the diet became

more varied diaries and questionnaires still correlated

very well for dietary fluoride intake. The FFQ generally

has higher degrees of compliance and is probably the tool

of choice when estimating dietary fluoride intakes in

large-scale longitudinal studies of fluoride intake. Further

research is needed in this area to confirm these findings.

Additional studies should be conducted in which the two

different dietary assessment tools are mailed to study

participants at separate times. Future research should

also be conducted with study samples of lower SES and

different racial and ethnic backgrounds to determine

whether these findings hold true for different study

populations.
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