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Abstract
The present study aims to develop a quantitative food frequency questionnaire (FFQ) to assess free sugar intake as a whole and at the food group levels,
retrospectively, over the past 3 months among 4 to 5-year-old preschool children in the Colombo district, Sri Lanka. Then, to assess its reliability and
relative validity. In the development phase, three 24-hour dietary recalls (24 hDRs) of 518 preschool children were collected from caregivers. Based on
that, a 67-item FFQ was developed, including commonly consumed free sugar-containing food items. The validation study was conducted among another
108 preschool children. The relative validity of the FFQ was assessed by comparing it with the 24 hDRs. The test–retest reliability was assessed by repeated
application of the FFQ to the same population after 6 weeks. Wilcoxon sign rank test, cross-classification with weighted Kappa statistic, Spearman rank
correlation and Bland–Altman plots were used for comparison. Comparing the free sugar intake calculated by the two methods showed no difference (P=
0⋅13), a good correlation (0⋅89), good agreement in cross-classifying participants (78⋅4 % correctly classified) and a good agreement in Bland–Altman plots.
Repeated application of the FFQ yielded; no differences in free sugar intake values (P = 0⋅45) a good correlation (0⋅71), acceptable agreement in cross-
classifying participants (52⋅3 % correctly classified) and acceptable agreement in the Bland–Altman plot. Results were the same for all food groups.
According to the results, the newly developed quantitative FFQ provides a relatively valid and reliable measure for quantifying free sugar intake
among preschool children as a whole or by food group.
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Introduction

The World Health Organization strongly recommends that
the consumption of free sugars should be limited to less
than 10 % of energy intake(1). Free sugars are defined as
‘monosaccharides and disaccharides added to food and bev-
erages by the manufacturer, cook or consumer, and sugars nat-
urally found in honey, syrups, fruit juices and fruit juice
concentrates’(1). These do not include sugars found in milk
or in fruits and vegetables (intrinsic sugars), since the latter
is bound by a cell wall, which reduces their bioavailability(2).
Excess free sugar intake is associated with numerous adverse

health outcomes: predominantly non-communicable diseases,
for example, obesity, diabetes, cardiovascular diseases, several
forms of cancers and dental disease(1,3). Thus health author-
ities have looked for mechanisms to facilitate curtailing the
intake of sugars in recent years(4).
Free sugar is associated with a number of health problems

among children in Sri Lanka. For instance, early childhood
dental caries (ECC) is a significant public health issue affecting
about 63 % of 5-year-olds which is a long-standing public
health issue in the country(5). In Sri Lanka, obesity is also an
emerging health problem among children, affecting 1⋅2 % of
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5-year-olds, and 2⋅7 % of teenagers at 15 years of age(6).
Among adults, obesity is a serious problem in the country,
with 5⋅9 % obese and 23⋅4 % overweight(7) which is more
prominent in the urban area like Colombo 23⋅5 % (95 % CI
17⋅9, 29⋅1) being obese and 34⋅8 % (95 % CI 28⋅5, 41⋅1)
being overweight(8). It is therefore highly recommended to
track free sugar intake at the population level and reduce
free sugar intake through population-level approaches.
Dietary assessment tools provide a means of comparison of
nutrient intake among various populations and evaluating pro-
gress towards nutritional goals in a population. For example,
the computer-assisted 24-HDRmSACINA tool has allowed
the comparison of free sugar consumption between eight
European countries(9), showing that less than 20 % of children
are within the less than 10 % of energy from free sugars
recommendation.
Implementation of these tools in a global health setting such

as Sri Lanka however is challenging; firstly because of limited
finances dedicated to health monitoring and secondly because
of the need to tailor it to the traditional food context. Also,
with ECC a key concern in Sri Lanka, a dietary tool that espe-
cially reflects the main aetiological factor of dental caries is
needed, for population surveillance. Several dietary assessment
tools are available in Sri Lanka, although there are no specific-
ally designed tools to assess free sugar intake, particularly
among preschool children.
Despite weighted dietary records being the gold standard in

nutritional epidemiology, they have inherent limitations like
being costly to use in large-scale community-based studies,
requiring great commitment from participants, and having a
high burden on them(10). Oppositely, a food frequency ques-
tionnaire (FFQ) is inexpensive and simple to administer par-
ticularly for a large cluster imposing less burden on the
respondent. Moreover, it captures the habitual day-to-day diet-
ary intake of an individual, over an extended period of time
retrospectively, avoiding short-term disparities, like seasonal
variations and dietary alterations during the periods of ill-
nesses(11,12) which make the FFQ the tool of choice in the pre-
sent study. Due to the absence of precise recall of food taken,
the respondent burden is also less than that of dietary records.
FFQ should be specifically designed for the target population
as food and beverages are mostly culture-specific(13,14), and
should be assessed for relative validity and reliability prior to
use(12,15). This FFQ was developed for two purposes. First,
to assess free sugar intake among preschool children in a
broader, more representative sample, compare it to WHO
recommendations, and determine factors associated with free
sugar intake. Additionally, to assess the relationship between
free sugar intake and dental caries status of those children
and to identify safe free sugar intake levels that will not
increase their risk of dental caries. For the purposes of deter-
mining the cariogenic effect of different types of sugary foods,
in addition to analysing total free sugar intake, the food group
level was also analysed. According to the literature, the major-
ity of FFQs ask about intakes during the past year, but others
ask about consumption in recent months(10). A 3 months per-
iod was selected for the current FFQ evaluation considering
the minimum adequate period for representation of the child’s

usual diet without much respondent burden to recall. Hence,
the purpose of the present study was to develop a self-
administered quantitative FFQ that could be used to estimate
preschool children’s free sugar intake retrospectively for 3
months as a whole and by food and beverage groups.
Following that, to assess the relative validity by comparing it
with three 24 h dietary recalls and test–retest reliability will
be assessed by repeated application of FFQ.

Experimental methods

The present study had two main phases. In the first phase, the
FFQ was developed based on a cross-sectional study of pre-
school children in order to identify free sugar-containing
food and beverages. In the second phase, another preschool-
based study to evaluate the relative validity and reliability of the
FFQ.

Development phase

Study population. A cross-sectional study was conducted to
identify the commonly consumed free sugar-containing food
and beverage items by preschool children in the Colombo
district. For the initial phase of the study, 518, apparently
healthy 4 to 5-year-old preschool children were enrolled
randomly from 26 preschools. These twenty-six preschools
were selected from the registered preschool list of Colombo
as two random preschools from each district secretariat
division in the Colombo district using the registered
preschool list. The inclusion criteria were those who were
residing in the district from birth to avoid district variation
in diet and water fluoride levels (important for the next
stage of the study), were not on a special diet and a primary
caregiver was available for data collection. Simple random
sampling was used to select twenty children from each
preschool.

Development of the FFQ. During this phase, all the food and
beverage consumption data of the included children were
collected by face-to-face interviews with the primary
caregivers based on 24 h dietary recalls (24 hDRs), covering
one weekend day and two weekdays. The food items were
identified but not quantified. In Sri Lankan preschools,
children take food from home, so caregivers are aware of
the child’s food intake at preschool. A specific question was
asked about the foods to which sugar is added during
preparation. Initially, the identified food and beverage items
were listed, and then all food and beverage items that
contained free sugar were extracted into a separate list. To
determine whether sugar is incorporated during the
production of each food item, food recipes from
manufacturers, reputed Sri Lankan recipe books, and food
labels were reviewed. Items consumed by less than 5 % of
participants were removed. The final dietary inventory list
included sixty free sugar-containing food and beverage
items, as well as seven food and beverage items to which
caregivers commonly added sugar at the time of
consumption. Finally, the identified free sugar-containing
food and beverage items were classified into seven groups
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by two nutrition specialists based on the similarity of
consistency and preparation methods(11,16,17) as biscuits
(eleven items), bakery products (twelve items), sugar
confectionery (nine items), chocolate confectionery (four
items), sugar-sweetened beverages (nine items) and desserts
(nine items). To emphasise the high intake, biscuits were
separated from other bakery items. The remaining items
which cannot be classified to above groups were classified as
miscellaneous sweets (six items). In the FFQ, these were
listed according to descending frequency of intake. The
commonly used measures for quantification of each food
and beverage item were identified: for example, different
sizes of glasses (for beverages), cups (for desserts) and a
spoon (for table sugar). For solid foods, some actual food
items were identified in available smallest portions in the
market, such as toffees, pieces of chocolate, biscuits and
more. The presentation included photographs of the actual
portion sizes, as well as measuring instruments to
demonstrate on a laptop when collecting data. In the
relevant column of the FFQ, participants were requested to
write 1/2, 1, 1 1/2, etc., as the portion sizes child usually
consume based on the PowerPoint presentation.
Frequency options were included as ‘never’ or ‘times per

day/per week or per month’ for the respondent to write the
frequency in numbers in the relevant column. FFQ is also
dependent on the evaluation period. According to the litera-
ture, the majority of FFQs ask about intakes during the past
year, but others ask about consumption in recent months(14).
This FFQ was designed to assess the food intake over the
past 3 months The FFQ was originally developed in Sinhala
and translated to Tamil and English using forward and back-
ward translation methodology. The FFQ and the PowerPoint
presentation were pretested among twenty caregivers of pre-
school children to ensure clarity of instructions, food names
and portion sizes. The participants were selected from adjacent
areas to the main study area. Pretesting took place in both lan-
guages in which data was collected. According to the findings,
a few alterations were done. Approximately 40 to 45 min were
taken to complete the FFQ.

Compilation of the food composition database. Since the
existing food composition databases for Sri Lankan foods
do not provide accurate free sugar content of these food
and beverage items, the researchers compiled a
comprehensive database on the free sugar content of the
identified seventy-eight (sixty in the FFQ and eighteen new
items identified in the 24 hDRs) food and beverage items
employing a number of methods. Mainly free sugar was
estimated from the ingredients (recipe calculation). Recipes
were collected from the manufacturers of the most
frequently used brands and popular bakers and reputed Sri
Lankan recipe books. Almost all identified foods and
beverages except bottled fruit drinks, jam, cordial, fresh fruit
juices and honey have only five ingredients containing free
sugar, those were white or brown sugar, icing sugar, high
fructose corn syrup (HFCS 55), fructose syrup and glucose
syrup. Free sugar was not present in any other ingredient.
These syrups were analysed for free sugar content as

described below. Based on the amounts in the recipe free
sugar concentration for 100 g/100 ml of each food and
beverage item was calculated. When there was more than
one brand per food or beverage item average value was
calculated.
High fructose corn syrup (HFCS 55), fructose syrup and

glucose syrup and the food items bottled fruit drinks, jam, cor-
dial, honey and selected three fruit juices were analysed for the
free sugar content using random samples from most popular
brands and bakers. Approximately ten samples were analysed
from each item. The analysis was done by an experienced
chemist using the Liquid chromatography technique (Waters
HPLC machine with refractive index detector) using the
method described by Petkova et al.(18) The free sugar content
was calculated by adding up the amounts of all monosacchar-
ides and disaccharides and the average of the samples was
used for the database.

Validation phase

To determine the relative validity of the FFQ, 24 hDRs for 3
d, were used as the reference method. In FFQ validation, this
is one of the most commonly used methods(15). The test–
retest reliability of the FFQ was determined by administering
the same FFQ twice to the same population 6 weeks apart.

Study population. During the validation phase of the study,
we recruited an additional 113 preschool children aged 4 to 5
years from 10 preschools, as the minimum sample size
required to achieve a 5 % significance level and 80 % power
to demonstrate a minimum correlation of 0⋅3(24) with 10 %
of non-response rate. However, only 108 participants
completed all three stages of data collection. As the FFQ
was developed to assess the free sugar intake of preschool
children in the Colombo district in the next phase, to avoid
contamination validation study was conducted in two
adjacent district secretariats outside the Colombo district.
The registered preschool list was collected from the district
secretariat of the relevant area and simple random sampling
was used to select five preschools from each area. Healthy
children who did not follow a special diet and whose
primary caregivers were available for data collection were
included in the study after receiving informed consent.

Dietary assessment. Data were obtained by meeting with the
child’s primary caregiver in 3 d in the preschool premises. The
same FFQ was completed as a self-administered questionnaire
at the first visit (FFQ1) and at the third visit (FFQ2) 6 weeks
later. Participants gathered in groups of ten in a hall, and the
researcher gave clear instructions to complete the FFQ,
followed by exercises with some hypothetical examples. The
FFQ was then completed based on the child’s usual diet for
the past 3 months. As participants completed the FFQ, the
researcher presented each food and drink’s serving size one
by one using a PowerPoint presentation on a laptop.
Researchers were able to collect data from each participant
simultaneously during the presentation by using a
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PowerPoint presentation. Due to the fact that the
demonstration was done on a laptop, it was able to display
actual-size pictures instead of a projected image.
Following that, the participants were interviewed individu-

ally by two interviewers during each visit and three, 24
hDRs were obtained to cover one weekend day and two week-
days. Photographs of same PowerPoint presentation was used
for portion size estimation.

Data analysis

Calculation of free sugar intake. First, all the number of
portions were converted to grams and millilitres by
multiplying them with the weight or volume of the portion.
The daily total free sugar intake of each child was calculated,

separately through FFQ1, FFQ2 and the 2 4hDRs.

➣ Using the FFQ, free sugar intake from each food and bev-
erage item was calculated by multiplying the amount of
intake, frequency of intake and free sugar concentration
of the item.

➣ Daily intake of free sugar was calculated by dividing weekly
intake by 7 and monthly intake by 30⋅4. The total daily free
sugar intake was calculated by adding all these daily free
sugar intake values.

➣ Using 24 hDRs, free sugar intake was calculated by multi-
plying the amount of intake by the free sugar concentra-
tion of the item.

➣ When free sugar intake from items was added together, the
daily free sugar intake was calculated for two weekdays and
weekend day. Due to the significant difference in sugar
intake between weekdays and weekend days among
some participants, the simulated week’s free sugar intake
was calculated for five weekdays and two weekend days.
Next, an average daily intake is calculated.

➣ The same panel of nutrition experts classified eighteen
additional food and beverage items identified by 24
hDRs into the same groups as in FFQ.

Statistical analysis

Relative validity was assessed through the comparison of free
sugar intake calculated from FFQ1 with the mean free sugar
intake calculated from the 24 hDRs, while reliability was
assessed by comparing the free sugar intake values calculated
from FFQ1 and FFQ2 (repeated application of the same
FFQ). For comparison, we looked at the free sugar intake
from different groups of foods and beverages separately, as
well as the total amount of free sugar intake. The results
were interpreted according to the criteria established by
Lombard et al.(19)

Data were analysed using SPSS version 21. The following
statistical methods were used for the comparison; by compar-
ing two measurements, the Wilcoxon sign rank test determines
the level of agreement between the two methods at the group
level. Cross-classification of participants into quartiles based
on their free sugar intake levels indicates the capacity of the
dietary assessment method to rank participants according to

their free sugar intake levels, which is further investigated
using the weighted kappa statistic. Spearman rank correlation
was used to measure the degree to which the two administra-
tions are related. The agreement across the range of intakes
was assessed using Bland–Altman plots(11,19,20). In addition,
the intraclass correlation coefficient (ICC) was used only for
the assessment of reliability. Several statistical approaches
were utilised simultaneously as they analyse various aspects
of relative validity and reliability. A P-value of less than 0⋅05
was considered to be statistically significant.

Results

Although 4- to 5-year-old (48–71-month-old) children partici-
pated in both the development and validation phases, the
majority were belonged to the age group 48–59 months.
There is a relatively high percentage of females participating,
and the majority of participants come from the Sinhala ethnic
group (Table 1).
Free sugar intake data as a total and group level according to

FFQ1, FFQ2 and the 24 hDRs create an asymmetrical,
skewed curve on a graph. The median values for total free
sugar (interquartile range) of 64 (40–112) g/d, 57 (29–103)
g/d and 62 (41–98) g/d, respectively. The Wilcoxon sign
rank test demonstrated no significant difference between
total free sugar intake measured through the FFQ1 and the
24hDRs (P= 0⋅13), and FFQ1 and FFQ2 (P = 0⋅45), which
was also observed at the levels of food and beverage groups
as shown in Table 2. None of the differences were statistically
significant.
As shown in Table 3, in assessing reliability, for total free

sugar, the percentages correctly classified into the same quar-
tiles were 78⋅4 %, and for sugary food groups, the percentages
ranged from 60⋅7 % to 72⋅9 %. However, the percentages mis-
classified into the opposite quartiles were 4⋅6 % for total free
sugar and varies from 3⋅2 % to 11⋅2 % for groups. The
weighted kappa coefficient value was 0⋅81 for total free
sugar and 0⋅58 to 0⋅77 at the group level when comparing
FFQ1 with the 24 hDRs.
In assessing relative validity, total free sugar intake measured

by two applications of FFQ, 52⋅3 % were correctly classified

Table 1. Basic demographic characteristics of the participants

Development study

(N 518)

Validation study

(N 108)

Variable Number Percentage Number Percentage

Age

48–59 months 353 68⋅1 77 71⋅3
60–71 months 165 31⋅9 31 28⋅7

Sex

Girl 275 53⋅1 57 52⋅8
Boy 243 46⋅9 51 47⋅2

Ethnicity

Sinhala 394 76⋅1 86 79⋅7
Tamil 77 14⋅9 11 10⋅1
Moor 43 8⋅3 09 8⋅3
Other 04 0⋅7 02 1⋅9

Total 518 100 108 100
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into the same quartiles, while 46⋅3–58⋅9 % were classified cor-
rectly at the group level. Total free sugar misclassification was
6⋅7 and group misclassifications ranged from 7⋅4 % to 11⋅4 %.
The weighted kappa coefficient for total free sugar was 0⋅58
and varied from 0⋅44 to 0⋅55 for the group level.
In comparing the FFQ1 with the 24 hDRs, the Spearman

rank correlation coefficient (SCC) was 0⋅89 for total free
sugar and ranged from 0⋅70 to 0⋅88 for food and beverage
groups. Repeated application of the FFQ resulted in a SRC
of 0⋅71 for total free sugar, and a range of 0⋅50–0⋅71 for
food and beverage groups. In addition, ICCs were calculated
to assess reliability between repeated application of the FFQ
was 0⋅61 (95 % CI 0⋅51, 0⋅69) for total free sugar and ranged
from 0⋅44 to 0⋅86 for food and beverage groups (Table 4).
The agreement between the two methods was evaluated

graphically by plotting the Bland–Altman plots for total free
sugar intake. Comparisons of free sugar intake values from
FFQ1 with the 24 hDRs (Fig. 1) by visual inspection of the
graphs showed no difference throughout the range of intake
and less than 5 % of participants were found outside the limits
of agreement. Furthermore, the Bland–Altman plot (Fig. 2)
indicated a good agreement free sugar intake from repeated
application of FFQ (FFQ1 and FFQ2) and only 5 % of parti-
cipants were found outside the limits of agreement. In both
instances, the limits of agreements are wide.

Discussion

The literature on the development of FFQ for the assessment
of sugar intake is sparse, and most were designed for various
age groups, and the types of sugar they were referring to were
different, which makes it hard to compare them to the current
FFQ.
The Wilcoxon sign rank test between FFQ1 and the 24

hDRs and between the two applications of FFQ reveal no sig-
nificant difference in total free sugar intake or at food group
levels. It can therefore be established that the FFQ was rela-
tively valid and reliable for estimating free sugar intake at the
group level.
The Spearman rank correlation is often used to measure the

relationship between the first FFQ applications and the 24
hDRs. All these values were above 0⋅7, which can be consid-
ered a good agreement on an individual basis(15). These values
were almost compatible with the other FFQ validation stud-
ies(21,11). Current findings were higher than those of the
FFQ development study that assessed free sugar intake
among Australian toddlers(22). This may be due to the incon-
sistent dietary intake patterns of toddlers compared with the
present study population, which targets children between the
ages of 4 and 5.
All food and beverage groups and total free sugar have

Spearman rank correlation coefficients above 0⋅5. ICCs were

Table 2. Median free sugar intake from different food groups according to FFQ1, FFQ2 and the 24 hDRs; significance of differences (N 108)

Food and beverage group

FFQ1* FFQ2* The 24 hDR*
Significance FFQ1 v.

the, 24 hDRs

Significance FFQ1 v.
FFQ2Median IQR** Median IQR** Median IQR**

Biscuits 5⋅81 2⋅05–13⋅88 8⋅09 4⋅2–16⋅09 5⋅70 3⋅09–13⋅44 P = 0⋅76 P = 0⋅78
Bakery products 13⋅89 6⋅65–28⋅68 11⋅87 5⋅12–23⋅97 17⋅55 7⋅25–25⋅18 P = 0⋅40 P = 0⋅46
Sugar confectionery 5⋅78 2⋅15–21⋅79 6⋅21 2⋅43 16⋅02 6⋅47 3⋅21–18⋅86 P = 0⋅20 P = 0⋅40
Chocolate confectionery 5⋅98 0⋅42–4⋅18 1⋅08 0⋅36–3⋅80 1⋅24 0⋅00–5⋅18 P < 0⋅01 P = 0⋅03
Sugar-sweetened

beverages

3⋅72 1⋅85–6⋅2 2⋅83 1⋅14–6⋅86 3⋅21 1⋅28–6⋅37 P = 0⋅08 P = 0⋅04

Desserts 4⋅31 1⋅93–8⋅07 4⋅00 1⋅69–6⋅84 4⋅56 2⋅31–7⋅89 P = 0⋅33 P = 0⋅63
Miscellaneous sweets 0⋅37 0⋅09–1⋅12 0⋅37 0⋅09–1⋅12 0⋅49 0⋅00–1⋅27 P < 0⋅01 P = 0⋅36
Table sugar 11⋅25 0⋅00–0⋅19 10⋅1 4⋅00–6⋅00 6⋅84 2⋅09–8⋅19 P = 0⋅23 P = 0⋅08
Total free sugar 64⋅46 39⋅9–111⋅52 56⋅95 29⋅38–102⋅77 61⋅78 41⋅33–97⋅82 P = 0⋅13 P = 0⋅45

* Free sugar intake was measured in g/d (median and IQR).

** IQR, interquartile range.

Z, Z-value on Wilcoxon sign rank test; P, probability value.

Table 3. Percentage of cross-classification of free sugar intake into quartiles assessed by FFQ1, FFQ2 and the 24 hDRs (N 108)

FFQ1 and the 24 hDRs FFQ1 and FFQ2

Food and beverage group Same quartile Opposite quartile Weighted Kappa (κ) Same quartile Opposite quartile Weighted Kappa (κ)

Biscuits 69⋅1 % 5⋅1 % 0⋅70 46⋅3 % 9⋅3 % 0⋅48
Bakery products 72⋅4 % 3⋅2 % 0⋅77 52⋅8 % 9⋅3 % 0⋅55
Sugar confectionery 71⋅5 % 5⋅2 % 0⋅76 57⋅7 % 11⋅4 % 0⋅52
Chocolate confectionery 65⋅6 % 11⋅2 % 0⋅61 58,9 % 8⋅7 % 0⋅48
Sugar-sweetened beverages 60⋅7 % 8⋅8 % 0⋅60 50⋅3 % 7⋅4 % 0⋅48
Desserts 72⋅9 % 7⋅8 % 0⋅64 49⋅9 % 12⋅3 % 0⋅46
Miscellaneous sweets 61⋅7 % 9⋅6 % 0⋅61 48⋅3 % 10⋅4 % 0⋅44
Table sugar 62⋅8 % 8⋅8 % 0⋅58 51–2 % 9⋅4 % 0⋅44
Total free sugar 78⋅4 % 4⋅6 % 0⋅81 52⋅3 % 6⋅7 % 0⋅58
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calculated because they account for both within- and between-
subject variability(23) and are the most appropriate test for
assessing the agreement between the repeated FFQs in ranking
individuals by their intake of free sugar. Interestingly, all of
these values have shown a good correlation with a minimum
of 0⋅5 and these findings were compatible with the ICC values
obtained in another study for Asia-Pacific region(21).
By classifying participants by both test and reference meth-

ods into quartiles, we can calculate the percentage of partici-
pants correctly classified into the same quartile and the
percentage misclassified into the opposite quartile. This indi-
cates the ability of the dietary assessment method to rank

the participants correctly, reflecting the agreement on the indi-
vidual level. In the comparison of the two methods, the per-
centages correctly classified into the same quartiles for
different sugary food groups were over 50 % and the percen-
tages misclassified into the opposite quartile were less than 10
%, when comparing FFQ1 with the 24 hDRs and weighted
kappa coefficient values were above 0⋅60 for almost all the
food groups (Table 2). These findings were almost identical
to those found in the previous study of Pacific Islanders in
South Auckland(21). However, chocolate confectionary group
and table sugar indicated a less agreement than other food
groups.

Table 4. Spearman rank correlation coefficient between the intake of free sugar intake according to the FFQ1, FFQ2 and the 24hDRs (N 108)

Food group

Validity Reliability

(FFQ1 and the 24hDR) (FFQ1 and FFQ2) ICC**

SCC P-value SCC* P-value (FFQ1 and FFQ2) 95 % CI

Biscuits 0⋅85 <0⋅01 0⋅71 <0⋅01 0⋅86 0⋅71–0⋅91
Bakery products 0⋅88 <0⋅01 0⋅58 <0⋅01 0⋅60 0⋅42–0⋅74
Sugar Confectionery 0⋅86 <0⋅01 0⋅63 <0⋅01 0⋅58 0⋅45–0⋅89
Chocolate Confectionery 0⋅72 <0⋅01 0⋅68 <0⋅01 0⋅50 0⋅33–0⋅67
Sugar-sweetened beverages 0⋅81 <0⋅01 0⋅55 <0⋅01 0⋅51 0⋅28–0⋅68
Desserts 0⋅70 <0⋅01 0⋅58 <0⋅01 0⋅65 0⋅46–0⋅98
Miscellaneous sweets 0⋅85 <0⋅01 0⋅50 <0⋅01 0⋅62 0⋅44–0⋅79
Table sugar 0⋅78 <0⋅01 0⋅51 <0⋅01 0⋅44 0⋅33–0⋅59
Total free sugar 0⋅89 <0⋅01 0⋅71 <0⋅01 0⋅61 0⋅51–0⋅69

* SCC, Spearman rank correlation coefficient.

** ICC, intraclass correlation coefficient.

Fig. 1. Bland–Altman plot comparing free sugar intake measured by FFQ1 and the 24 hDRs.
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Bland–Altman plots were used to visually compare the two
methods and determine to what extent they agree across a
wide range of intakes. It can identify systematic differences
(bias) between two comparison methods throughout the
range of values and calculate the limits of agreement. Free
sugar intake values were in good agreement between the two
methods with no observable difference within the range of
intake, which was consistent with previous studies done on
Australian toddlers(22) and Malaysian adults(11). Despite the
Bland–Altman plot showing good agreement in the group,
there are wide limits of agreement, varied between negative
and positive values showing that free sugar intake is both
over and underestimated by FFQ compared with the 24
hDRs. With regard to children’s sugar intake, this is a relatively
high level of uncertainty. The difference between methods
tends to get larger as the average increases. There appears to
be some inconsistency between the two methods at the indi-
vidual level.
Although the FFQ was selected because it is the only feas-

ible dietary assessment method available for assessing the diet
of a large number of individuals over a long period of time
retrospectively with minimal participant burden, there are
inherent limitations. For FFQ to be an effective self-
administered questionnaire, it needs to be refined for ease of
use with examples. As both FFQ and the 24 hDRs depend
on memory, overestimation and underestimation are possible.
The test–retest reliability results may have been affected by
learning bias. The parents may not always be aware of their
child’s full dietary intake since feeding duties can be shared
with others, especially working mothers. Validation of FFQ
was done using the 24 hDRs, but these two methods are
not comparable since FFQ evaluates diet over a long period,

while the 24hDRs consider 3 d only. At the individual level,
the Bland–Altman plot also showed a large discrepancy with
both underestimation and overestimation. Nevertheless, this
is a reasonable option, since it is not feasible to use more
advanced reference methods as dietary biomarkers. Due to
financial and time constraints and the complexity of sample
preparation for solid food items, a limited number of ingredi-
ents and food items were analysed chemically.
Overall, the FFQ contains a reasonable representation of

food and beverage items to assess free sugar intake among
preschool children as a group in the district of Colombo, Sri
Lanka. By slightly modifying the food and beverage list to fit
the local context, this can be adapted to other parts of the
country. Filling out this FFQ need some skill thus prior
instructions and guidance is needed cannot use as fully self-
administered questionnaire. The new quantitative FFQ was pro-
ven to be a relatively valid and reliable tool to measure free sugar
intake of a population and rank participants accordingly.
Additionally, it is adequately suited to assessing the amount of
free sugar consumed by different free sugar-containing food
and beverage groups. Consequently, this tool can be used to
assess free sugar intake at the population level.
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