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Abstract
Objective: Dietary intake of toddlers has been of growing interest due to its long-
term consequences on health. However, previous works have focused largely on
Caucasian populations and less is known about Asian toddlers. We aimed to
validate a semi-quantitative FFQ designed to assess dietary intakes of 18-month-
old toddlers in a multi-ethnic Asian cohort.
Design: An FFQ of ninety-four food items, identified based on food records of 12-
month-old GUSTO children, the Southampton Women’s Survey 12 Month Infancy
Questionnaire and inputs from paediatric dietitians, was filled out two weeks
before the 18th-month clinic visit. As the reference method, two non-consecutive
24 h recalls (24HR) were administered during and two weeks after the clinic visit.
FFQ nutrient intakes were validated against averaged 24HR nutrient intakes, using
the Wilcoxon signed-rank test, Spearman’s rank-order correlation, cross-
classification and the Bland–Altman method.
Setting: Data from the Singapore Growing Up in Singapore Towards Healthy
Outcomes (GUSTO) mother–offspring birth cohort.
Participants: Toddlers (n 188) aged 18 months.
Results: Absolute nutrient intakes from the FFQ were significantly higher than from
the 24HR, except for vitamin A. After energy adjustments, r range was 0·56–0·78
(macronutrients) and 0·40–0·54 (micronutrients). De-attenuation increased r to 0·58–
0·96 and 0·45–0·65 for macro- and micronutrients, respectively. Of participants,
≥82·4% (macronutrients) and ≥77·7% (micronutrients) were classified in the same
and adjacent quartiles. No clear systematic increase in intake differences with
increasing mean intake was observed in Bland–Altman plots.
Conclusions: This FFQ can provide a satisfactory assessment of toddlers’ energy-
adjusted nutrient intakes, as well as accurately rank them in a group.
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Dietary intake during the toddler years (1 to 3 years old) is
increasingly recognised as an important factor influencing
the development of adiposity during childhood(1,2).

Adiposity in childhood leading to higher risks of morbid-
ity, mortality and metabolic diseases in later life is well
documented(3–6). Major dietary changes occur during the
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toddler years(7), as children progressively transit to family
foods as part of complementary feeding(8). The Feeding
Infants and Toddlers (FITS) study 2002 reported that
unhealthy eating patterns appeared as young as 9 to
11 months old(9) but more importantly, dietary patterns
were set as early as 18 months of age(7). There is now
strong evidence to suggest that eating habits established in
early life can track into late childhood(10) and even
adulthood(11,12). Given the long-term consequences of
dietary intakes during the toddler years, there is a perti-
nent need to evaluate dietary intakes in toddlers.

Of the various dietary assessment tools, the FFQ has
been widely used to examine dietary intakes of tod-
dlers(13–21). Although quantifying absolute intakes with an
FFQ is less accurate compared with food records and 24 h
recalls (24HR), it can provide information on habitual
intake over a longer time period. Furthermore, the FFQ
has comparatively lower respondent burden, cost of
administration and ease of data management(22), thus is
suitable for use in large epidemiological studies.

However, existing studies using the FFQ in toddlers are
mostly in Caucasian populations(13–20). In Asia, FFQ have
been developed for children over a wide range of age (e.g.
6 months to 12 years of age) in the South East Asian
Nutrition Survey (SEANUTS) study(23), but none is speci-
fically available for a younger age group.

A dietary assessment tool is validated by comparing it
with an independent reference method, such as weighed
dietary records, 24HR or urinary/blood biomarkers(22,24),
which also aim to reflect true habitual dietary intake. In the
present study, we used data from the Growing Up in
Singapore Towards Healthy Outcomes (GUSTO) cohort to
validate an FFQ developed for 18-month-old toddlers. The
reference method used in the present study is an average
of two non-consecutive 24HR.

Methods

Study design
The present study is based on the GUSTO cohort(25).
Pregnant women aged 18 years or above were recruited
from two major public maternity units in Singapore: KK
Women’s and Children’s Hospital (KKH) and National
University Hospital (NUH), between June 2009 and
September 2010 during their first-trimester ultrasound
scan. These women are either citizens or permanent
residents of Singapore and of Chinese, Indian or Malay
ethnicity with homogeneous parental ethnic background.
Additionally, only those who expressed intentions to
deliver in NUH or KKH, to reside in Singapore for the next
5 years and agreed to donate birth tissues (e.g. cord,
placenta and cord blood) are included in the GUSTO
study. However, women who received or are receiving
chemotherapy and psychotropic drugs, and women who
have or have had type 1 diabetes mellitus, are excluded

from the study. The self-administered FFQ was provided
to mothers for completion at home two weeks prior to the
18th-month clinic visit. This study is granted ethical
approval by both the Institutional Review Boards at KKH
and NUH. Written consent was obtained from all partici-
pants as well.

Maternal and child demographic characteristics
Maternal demographic characteristics regarding education
level, marital status, household income and ethnicity were
collected from the mothers during the recruitment clinic
visit at <14 weeks of gestation. Data on pre-pregnancy
BMI was calculated using self-reported pre-pregnancy
height and weight at study enrolment. Based on the BMI
(kg/m2) cut-offs for Asian populations, mothers were
classified as underweight (<18·5), normal (18·5–22·9),
overweight (23·0–27·4) and obese (≥27·5)(26).

Child characteristics regarding gender, birth order and
gestational age at delivery were extracted from birth
delivery reports. Anthropometrics were measured during
the 18th-month clinic visit by trained clinic personnel.
Child length was measured using an infant mat (SECA 210
mobile measuring mat), recorded to the nearest 0·1 cm.
Child weight was measured in duplicate and recorded to
the nearest gram using a SECA 334 weighing scale.
Duplicate measurements were averaged respectively.
Using the WHO Child Growth Standards 2006, child
weight and length were converted to BMI Z-scores using
the WHO Anthro software version 3.2.2.

Dietary assessment tools

Month 18 FFQ
Two weeks prior the 18th-month clinic visit, mothers were
reminded over the telephone to complete the FFQ at
home and return it to clinic staff during the upcoming
clinic visit. These FFQ were returned during the 18th-
month clinic visit (Fig. 1). The list of food items in the FFQ
was created based on data from food records (24HR and
3 d food diaries) collected from the GUSTO children at
12 months and with reference to the validated South-
ampton Women’s Survey 12 Month Infancy Ques-
tionnaire(27). Inputs from paediatric dietitians were also
sought to include foods commonly consumed at
18 months of age. A total of ninety-four food items were
identified and categorised into twelve food groups: (i)
bread; (ii) bread spreads; (iii) breakfast cereals; (iv) rice
porridge and noodles; (v) potatoes and pasta; (vi) vege-
tables and bean curd; (vii) fruits; (viii) meat and fish; (ix)
eggs; (x) cakes, biscuits and snacks; (xi) milk and dairy
products; and (xii) other beverages. The FFQ also inclu-
ded eleven general questions on food preparation meth-
ods, eating habits and practices and an open-ended
section to capture additional food items not listed in the
FFQ. Mothers had to indicate the frequency of
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consumption over the past month as ‘never’, ‘number of
times per month’, ‘number of times per week’ or ‘number
of times per day’. In addition, they had to indicate a typical
serving size for each food item. To assist mothers in
quantifying their toddler’s food and beverage intakes,
photographs of standardised household measuring uten-
sils and food pictures were presented. An instruction sheet
was also included to guide the mothers in filling out the
FFQ.

Two non-consecutive 24 h recalls
The first 24HR was administered to all mothers during the
18th-month clinic visit. For validation purposes, mothers
who completed the FFQ and the first 24HR were inter-
viewed over the telephone for a second 24HR two weeks
after the clinic visit (Fig. 1)(28). Mothers reported the intake
of their toddlers with reference to commonly found
household measuring utensils. All 24HR interviews were
performed by trained researchers following the five-step
multiple-pass method(29).

Nutrient intake assessment
Nutrient intakes from both the FFQ and 24HR were ana-
lysed using Dietplan (Forestfield Software), a nutrient
analysis software which consists of a food composition
database of locally available foods(30). For composite
dishes not present in the database, nutrient analyses were
conducted using recipes or a similar composite dish if
ingredients were not reported. Nutrient information of
food items not found in the database was obtained from
either food labels or the US Department of Agriculture’s
national nutrient database(31).

Nutrient composition of each FFQ food item was
established using the weighted values of its composite
foods from the food composition database. Calculation of
food intake (grams per day) was done by multiplying
consumption frequency with the reported serving size. For
the 24HR, nutrient intakes were analysed from two typical
non-consecutive 24HR and were averaged to reflect a
day’s intake.

For toddlers who were bottle-fed, milk intake was cal-
culated based on reported volumes of milk (includes

formula milk and expressed breast milk). Toddlers who
are directly breast-fed are assumed to consume 600ml of
breast milk daily as described by Ponza et al.(32). For
toddlers who consumed both breast milk and formula
milk, unmeasured breast milk via direct breast-feeding was
quantified by subtracting reported volumes of expressed
breast milk and formula milk from 600ml. The nutrient
composition of breast milk was estimated from nutrient
contents of breast milk samples detailed by Dewey
et al.(33). Estimations of breast milk volume and nutrient
composition were applicable to only 12% of participants
(n 65) who indicated consumption of breast milk at
18 months old.

Statistical methods
Descriptive characteristics of mother–toddler pairs inclu-
ded in the validation analyses (n 188) were compared with
others in the GUSTO cohort (n 907 for maternal char-
acteristics and n 915 for child characteristics) using the
independent t test for continuous data and the χ2 test for
categorical data. The descriptive statistics were reported as
means and SD for continuous variables and as percentages
for categorical variables. The Wilcoxon signed-rank test
was performed to compare the absolute nutrient intakes
assessed by the two non-consecutive 24HR.

The Wilcoxon signed-rank test was applied to investi-
gate differences between absolute nutrient intakes asses-
sed by the FFQ and the averaged 24HR. Percentage
difference in nutrient intakes between both methods was
calculated by taking the median of the difference as a
percentage of nutrient intakes derived from the
averaged 24HR.

To improve normality for absolute intakes of energy,
protein, cholesterol, fibre, Na, vitamin A and β-carotene,
logarithmic transformation was applied on the crude data of
these nutrients. All nutrients were then adjusted for energy
intake using the residual method described by Willett
et al.(34) to remove variation due to energy intake.

The relationship between nutrients derived from the
two assessment tools was analysed by Spearman’s rank-
order correlation for both absolute and energy-adjusted
nutrient intakes. To further adjust for intra-individual

Mothers were reminded over the phone to
start  completing the 18th-month self-
administered FFQ

Mothers were interview
for the second 24 HR over
the phone

15th-month home visit 2 weeks before 18th-
month clinic visit

18th-month clinic
visit

2 weeks after 18th-
month clinic visit

18th-month self-administered FFQ
was given to the mothers during
the home visit

• Mothers were interviewed for the
  first 24 HR

• 18th-month self-administered FFQ
  was collected back from the mothers

Fig. 1 The timeline of the dietary assessments that were conducted before, during and after the 18-month clinic visit (24HR, 24 h
recall)
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variation in the two 24HR, Spearman’s correlation coeffi-
cient (r) was de-attenuated by multiplication with an error
term(28,35). Within- and between-person variances in the
error term were obtained from an ANOVA model.

Cross-classification analysis was used to evaluate the
ability of the FFQ to rank participants according to their
nutrient intakes assessed by the averaged 24HR (reference
method). Participants were categorised into quartiles
according to their energy-adjusted nutrient intakes. Results
are presented as percentages of participants classified into
the following four categories: (i) same quartile (correctly
classified); (ii) adjacent quartile; (iii) one quartile apart;
and (iv) extreme quartiles (grossly misclassified).

The Bland–Altman method(36) was performed to study
the level of agreement between the FFQ and the averaged
non-consecutive 24HR in two aspects. The agreement of
the two assessment methods on average was estimated by
the mean difference (đ) in nutrient intakes between FFQ
and 24HR. The agreement of nutrient intake measure-
ments for individual participants was assessed by the
percentage of participants within the limits of agreement
(LOA). The LOA, calculated as đ± 1·96 SD of the differ-
ences in nutrient intake between FFQ and 24HR, defines a
range where 95% of the data points are expected to lie(37).
Bland–Altman plots of difference against the mean were
also constructed to investigate for relationship between
measurement error and true intake.

From the 1103 participants at the 18th-month clinic visit,
674 returned the FFQ, of which 113 were disqualified due
to lack of study identification number (n 2) or had twenty
or more questions unanswered (n 111). From the
remaining 561 participants, 361 participants provided two
complete 24HR reflective of typical intake, of which 188
participants were randomly selected as the final sample for
the validation analyses (Fig. 2). A reasonable sample size
for a validation study is estimated to be in the range of
100–200 participants(22).

The final sample (n 188) is sufficiently powered for
Bland–Altman (n> 100) and correlation analyses (n 100–
200)(24). All statistical analyses were performed using the
statistical software package IBM SPSS Statistics version 23.
A two-tailed P value of <0·05 was considered statistically
significant.

Results

Maternal and child characteristics of participants in the
validation sample (n 188) were mostly similar to those of
other participants in the GUSTO cohort (Table 1). The
validation sample appeared to have a smaller proportion
of male toddlers (45·2 v. 54·1%) and a larger proportion of
mothers with normal pre-pregnancy BMI (37·8 v. 32·0%)
than others in the GUSTO cohort.

No significant differences in absolute intakes of energy
and most nutrients were observed between the first and

second 24HR, except for protein, cholesterol, fibre and Na.
For these nutrients, the median differences were small (see
online supplementary material, Supplemental Table 1).

Median absolute macro- and micronutrients intakes
calculated from the FFQ and the average of the two 24HR
are compared in Table 2. From the calculated median
differences, it is apparent that the FFQ reported sig-
nificantly higher estimates compared with the averaged
24HR across all nutrients (P< 0·001), except for vitamin A
(P= 0·09). Median nutrient intakes were overestimated by
9·1 to 19·6% for all macronutrients and micronutrients,
and by greater percentages for β-carotene (70·0%), cho-
lesterol (62·7%), fibre (44·0%) and Na (29·2%).

In correlation analyses of absolute macronutrient
intakes between the FFQ and 24HR, the highest and
lowest correlated macronutrients were saturated fat
(r= 0·66) and energy (r= 0·42) intakes, respectively
(Table 3). Expectedly, after adjustment for energy, r for
macronutrients increased to 0·78 for saturated fat and 0·56
for carbohydrate, total fat and protein. De-attenuation of
the energy-adjusted r showed a further increase in r values
to 0·96 for saturated fat, 0·77 for carbohydrate, 0·62 for
total fat and 0·58 for protein. For micronutrients, we
observed a similar positive shift in the range of r after
energy adjustment (0·40 for Na; 0·54 for fibre) and de-
attenuation (0·45 for Na; 0·65 for fibre). Adjustment for
energy intake and de-attenuation generally resulted in
improved r for all nutrients, particularly for saturated fat
(r= 0·96), Ca (r= 0·95) and β-carotene (r= 0·80). Correla-
tion coefficients of all nutrients were significant
(P< 0·001). Ratios of within- and between-person var-
iances in the error term are not presented.

Cross-classification analyses based on energy-adjusted
nutrient intakes from the FFQ and averaged 24HR
revealed that the proportion of participants correctly
classified varied from 43·6% (total fat) to 65·4% (saturated
fat) for macronutrients and from 34·6% (β-carotene) to
51·1% (Ca) for micronutrients (Table 4). When the per-
centages of participants classified in the same and adjacent
quartiles were combined, the proportion of participants
increased and ranged from 82·4% (protein) to 94·1%
(saturated fat) for macronutrients and from 77·7%
(β-carotene) to 92·6% (Ca) for micronutrients. In contrast,
the percentage of gross misclassification was low for both
macronutrients (≤3·2%) and micronutrients (≤6·4%).

In general, the energy-adjusted Bland–Altman plots of
macronutrients (Fig. 3) and micronutrients (online supple-
mentary material, Supplemental Fig. 1) were widely scat-
tered and did not seem to show any clear systematic
increase in intake differences with increasing mean intake.
The Bland–Altman plots revealed that >95% of the partici-
pants were within the LOA for saturated fat, Ca, cholesterol
and fibre, and >93% of the participants were detected
within the LOA for the remaining macro- and micro-
nutrients. Based on the results of the Bland–Altman analysis
of absolute nutrient intakes (Supplemental Table 2), positive
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đ values were observed for all macro- and micronutrients,
except for absolute vitamin A intake (đ= − 13 μg).

Discussion

In the present paper, we discussed the validity of a self-
administered FFQ, developed to assess nutrient intakes of

18-month-old toddlers, by comparison with the average of
two non-consecutive 24HR.

We observed that the FFQ tended to overestimate
absolute nutrient intakes compared with food recalls,
particularly for β-carotene (70·0%) and cholesterol
(62·7%). However, the tendency of FFQ to overestimate is
known and is a common observation in previous valida-
tion studies conducted among 12-month-old infants from

Recruited participants
(1257 infants)

Main GUSTO (n 1152)
IVF (n 85)

Twins (n 20)

Month 18 cohort
(1103 toddlers)

Main GUSTO (n 1012)
IVF (n 75)

Twins (n 16)

Dropout
n 154

Lost to follow-up
Family disapproval
Personal reasons

Inconvenience
Due to stress

Other

Disqualified
n 113

No ID
(n 2)

More than 20
food items

unanswered
(n 111)

Received FFQ
n 674

Responded to first
24 HR
n 870

Disqualified
n 22

Incomplete (n 6)
Blank copy (n 16)

Valid FFQ
n 561

Main GUSTO (n 514)
IVF (n 41)

Twins  (n 6)

Valid first 24 HR
n 848

Main GUSTO (n 775)
IVF (n 59)

Twins (n 14)

Toddlers with valid FFQ
and valid first 24 HR

n 514

Main GUSTO (n 467)
IVF (n 41)
Twins (n 6)

Responded to second 24 HR
n 366

Main GUSTO (n 336)
IVF (n 26)
Twins (n 4)

Valid second 24 HR
n 361

Main GUSTO (n 331)
IVF (n 26)
Twins (n 4)

Validation analyses
n 188 toddlers

(Randomly selected)

Disqualified
n 5

Incomplete (n 4)
Blank copy (n 1)

Fig. 2 Outline of the participants in the validation study. From a total of 1257 infants recruited at the beginning of the Growing Up in
Singapore Towards Healthy Outcomes (GUSTO) study, there were 154 dropouts between recruitment and the month 18th-month
clinic visit, resulting in 1103 toddlers remaining. From the 1103 toddlers, 514 provided both a valid FFQ and a first 24 h recall
(24HR), of which 361 provided a valid second 24HR. Out of the 361 toddlers, we randomly selected 188 for our validation analyses
(IVF, in vitro fertilisation)
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the UK(27) and Norway(18). This was also found in a
longitudinal study of 1–3-year-old children at risk of type 1
diabetes(38) and in cross-sectional studies conducted
among 0–24-month-old Hispanic toddlers(39) and 12–24-
month-old New Zealand toddlers(40).

Correlation results revealed that all estimated nutrient
intakes from the FFQ were positively associated with those
from the 24HR. The reported correlations for all nutrients
were satisfactory, based on cut-offs suggested by Cade
et al. (r> 0·3 or 0·4)(24) and Willett (0·4< r<0·7)(41). When
compared against absolute nutrient intakes, energy
adjustment of nutrient intakes improved correlation
results. Energy-adjusted values are more appropriate than
absolute nutrient intakes in analyses as the latter is more
likely to have a larger effect on participants with a low-
energy diet than those with an energy-dense diet(28). Good

de-attenuated correlations (r ≥ 0·7) for carbohydrate,
saturated fat, β-carotene, Ca and Fe are worth noting even
though it was not observed for all nutrients. Nevertheless,
when compared with other FFQ validation studies inves-
tigating dietary intake of toddlers, our results concurred
with most studies(13,18,19,27,40), if not performed bet-
ter(19,20,39). Our findings demonstrated a higher range of
de-attenuated r from 0·45 to 0·96 compared with a pro-
spective cohort study of Polish children(20) where de-
attenuated r ranged from 0·27 to 0·67 and a cross-sectional
study of Hispanic toddlers where range of de-attenuated r
was from 0·26 to 0·77(39).

Across all nutrients, the proportion of correctly classified
participants was large and ranged from 34·6 to 65·4%. This
compares well with earlier findings reported in Hispanic
toddlers (25·7–56·0%)(39), Norwegian infants (31·0–56·0%)(18)

Table 1 Maternal and child characteristics of participants included and excluded in the FFQ validation analysis of the Growing Up in
Singapore Towards Healthy Outcomes (GUSTO) study

Validation sample
(n 188)

Main cohort
(n 907)

% Mean SD % Mean SD P value†

Maternal characteristics
Education‡
Secondary or lower 28·7 – – 28·8 – – 0·987
Tertiary 70·7 – – 69·6 – –

Marital status‡
Married 95·7 – – 94·4 – – 0·284
Single or divorced 1·6 – – 3·4 – –

Monthly household income (SGD)‡
0–1999 13·3 – – 14·4 – – 0·117
2000–5999 58·5 – – 49·8 – –

>5999 22·9 – – 28·8 – –

Ethnicity
Chinese 54·8 – – 56·8 – – 0·813
Malay 27·1 – – 24·9 – –

Indian 18·1 – – 18·3 – –

Pre-pregnancy BMI (kg/m2)‡
Underweight (<18·5) 6·9 17·2 0·8 7·2 17·5 0·9 0·347
Normal (18·5–22·9) 37·8 20·3 1·1 32·0 20·7 1·3 0·013*
Overweight (23·0–27·4) 23·9 24·6 1·2 15·4 24·9 1·3 0·261
Obese (≥27·5) 13·3 30·8 3·0 8·5 30·7 3·0 0·871

Validation sample
(n 188)

Main cohort
(n 915)

% Mean SD % Mean SD P value†

Child characteristics
Gender
Male 45·2 – – 54·1 – – 0·032*
Female 54·8 – – 45·9 – –

Birth order
First child 43·1 – – 45·9 – – 0·531
Second child or above 56·9 – – 54·1 – –

Gestation age at delivery
Preterm 5·9 – – 6·8 – – 0·718
Full term 94·1 – – 92·3 – –

Anthropometric measurement‡
BMI Z-score 84·0 − 0·1 1·0 68·1 −0·1 1·3 0·641

*P< 0·05.
†P values across both groups were determined with the use of the t test for continuous variables and χ2 analysis for categorical variables.
‡Missing values for validation sample: n 187 for ‘Education’, n 183 for ‘Marital status’, n 178 for ‘Monthly household income’, n 154 for ‘Pre-pregnancy BMI’ and
n 158 for ‘Anthropometric measurement’. Missing values for main cohort: n 892 for ‘Education’, n 887 for ‘Marital status’, n 884 for ‘Monthly household income’, n
572 for ‘Pre-pregnancy BMI’ and n 899 for ‘Anthropometric measurement’.
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and children (35–48%)(19). The small proportions of grossly
misclassified toddlers (1·1–6·4%) fit well with observations
among 12-month-old infants (0–9%)(18) and 2-year-old Nor-
wegian children (1–6%)(19). Evidence of good ranking ability
of the FFQ from the cross-classification analysis strengthened
our confidence that it is a useful tool in assessing energy-
adjusted nutrient intakes of 18-month-old toddlers.

There was no obvious heteroscedastic relationship
between measurement bias and true macro- and

micronutrient intakes (estimated by average of FFQ and
24HR) detected in the energy-adjusted Bland–Altman
plots. All energy-adjusted macro- and micronutrients had
93–97% of participants within the LOA, which falls within
the proposed threshold of 95%(37), suggesting that the
FFQ has satisfactory agreement for individual participants
when energy-adjusted values are used.

To the best of our knowledge, the present work is the
first that made use of an FFQ to examine dietary intakes of

Table 2 Comparison of absolute nutrient intakes estimated from the FFQ and average of two 24 h recalls (24HR) among 18-month-old
toddlers (n 188) in the FFQ validation analysis of the Growing Up in Singapore Towards Healthy Outcomes (GUSTO) study

Absolute nutrient intakes (n 188)

FFQ 24HR† Difference‡

Median P25, P75 Median P25, P75 Median P25, P75 %§

Macronutrients
Energy (kJ) 4301 3443, 5619 3740 3234, 4351 636 –113, 1653 17·0
Energy (kcal) 1028 823, 1343 894 773, 1040 152 −27, 395*** 17·0
Carbohydrate (g) 140 114, 179 123 102, 144 19 −5, 48*** 15·7
Total fat (g) 33 25, 47 30 23, 37 4 −2, 14*** 13·3
Saturated fat (g) 8·0 4·2, 12·8 6·5 3·3, 10·4 0·9 −1·2, 4·1*** 14·1
Protein (g) 42 30, 53 32 27, 40 6 0, 18*** 19·6

Micronutrients
β-Carotene (μg)║ 1880 1055, 3636 1113 295, 2443 779 −310, 2092*** 70·0
Ca (mg) 776 545, 1053 683 515, 896 70 −73, 223*** 10·2
Cholesterol (mg)║ 71·4 45·0, 128·6 41·8 19·7, 94·7 26·2 −8·3, 73·0*** 62·7
Fibre (g) 6·2 3·8, 9·5 3·9 2·5, 6·0 1·7 0·1, 4·4*** 44·0
Fe (mg) 11·8 9·4, 15·7 10·4 8·2, 12·5 1·2 −0·5, 4·3*** 12·0
Na (mg) 741 564, 1078 575 408, 795 168 −55, 461*** 29·2
Vitamin A (μg) 639 439, 846 565 397, 777 51 −144, 239 9·1

P25, 25th percentile; P75, 75th percentile.
***P< 0.001; P values were determined with the use of the Wilcoxon signed-rank test.
†Nutrient intakes from the 24HR are obtained from an average of two non-consecutive 24HR.
‡Difference in nutrient intakes performed using the difference in absolute nutrient intakes between the FFQ and 24HR (FFQ – 24HR).
§Median of difference as a percentage of nutrient intakes derived from the averaged 24HR.
║Missing values for 24HR: n 186 for ‘β-Carotene’ and n 185 for ‘Cholesterol’.

Table 3 Spearman rank-order correlation coefficients (r) of associations of absolute, energy-adjusted and
de-atteunated nutrient intakes between the FFQ and average of two 24h recalls (24HR) among 18-
month-old toddlers (n 188) in the FFQ validation analysis of the Growing Up in Singapore Towards
Healthy Outcomes (GUSTO) study

Absolute nutrient intakes
(n 188)

Energy-adjusted nutrient intakes†
(n 188)

r r De-attenuated r‡

Macronutrients
Energy (kJ/kcal) 0.42*** – –

Carbohydrate (g) 0.47*** 0.56*** 0.77
Total fat (g) 0.52*** 0.56*** 0.62
Saturated fat (g) 0.66*** 0.78*** 0.96
Protein (g) 0.46*** 0.56*** 0.58

Micronutrients
β-Carotene (μg)§ 0.34*** 0.34*** 0.80
Ca (mg) 0.67*** 0.73*** 0.95
Cholesterol (mg)§ 0.43*** 0.48*** 0.54
Fibre (g) 0.49*** 0.54*** 0.65
Fe (mg) 0.49*** 0.50*** 0.70
Na (mg) 0.31*** 0.40*** 0.45
Vitamin A (μg) 0.42*** 0.43*** 0.48

***P<0.001.
†Adjusted for energy intake using the residual method. All except fat, carbohydrate, saturated fat, Ca and Fe were log-
transformed before energy adjustment.
‡De-attenuated r was calculated by multiplying raw r with an error term from ANOVA.
§Missing values for 24HR: n 186 for ‘β-Carotene’ and n 185 for ‘Cholesterol’.
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Table 4 Cross-classification into quartiles according to energy-adjusted nutrient intakes
estimated by the FFQ and the average of two 24h recalls (24HR) of 18-month-old toddlers
(n 188) in the FFQ validation analysis of the Growing Up in Singapore Towards Healthy
Outcomes (GUSTO) study

Adjusted nutrient intakes†
(n 188)

Same quartile
(%)

Adjacent quartile
(%)

One quartile apart
(%)

Grossly misclassified
(%)

Macronutrients
Energy – – – –

Carbohydrate 44.7 38.8 13.8 2.7
Total fat 43.6 43.6 9.6 3.2
Saturated fat 65.4 28.7 4.8 1.1
Protein 45.2 37.2 14.4 3.2

Micronutrients
β-Carotene‡ 34.6 43.1 14.9 6.4
Ca 51.1 41.5 6.4 1.1
Cholesterol‡ 42.0 36.2 15.4 4.8
Fibre 45.2 36.2 15.4 3.2
Fe 36.7 44.7 15.4 3.2
Na 41.0 38.8 14.4 5.9
Vitamin A 38.8 41.5 13.3 6.4

†Adjusted for energy intake using the residual method. All except fat, carbohydrate, saturated fat, Ca and
Fe were log-transformed before energy adjustment.
‡Missing values for 24HR: n 186 for ‘β-Carotene’ and n 185 for ‘Cholesterol’.
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Fig. 3 Bland–Altman plots assessing the relative validity of the semi-quantitative FFQ designed to assess dietary intakes of 18-
month-old toddlers in the Growing Up in Singapore Towards Healthy Outcomes (GUSTO) study. The difference in intake between
the FFQ and the average of two 24 h recalls (24HR) is plotted v. the mean intake from the two methods for: (a) energy, (b)
carbohydrate, (c) total fat and (d) protein. —— represents the mean difference (bias) and – – – – – represent the limits of agreement
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toddlers in Singapore. Strengths of our study include the
study among a multi-ethnic Asian population, the assess-
ment of dietary intake during the critical period when
major diet changes were expected to occur, the correction
of intra-individual variation between two 24HR and the
inclusion of nutrient intakes from breast milk and formula
milk, which are found to be substantial sources of total
energy and protein intakes in toddlers(42,43).

Two limitations of our study are worth noting. First, our
primary source of Na intake information was based solely
on the foods reported in the FFQ. This may not be a good
representation of the toddler’s Na intake as it does not
take into consideration discretionary salt added at the
table or during preparation and cooking. Quantifying
precise Na intake requires measurements of urinary
Na(44), which was not done in our study. Second, for
practical reasons, the 24HR could not be administered
within the same time period corresponding to the FFQ.
We acknowledge that this may result in the 24HR esti-
mates being not completely representative of the tod-
dler’s habitual intake during the time interval in question.
However, it is unlikely for major changes in a toddler’s
diet to take place within a few weeks and we have also
shown largely similar nutrient intakes between both
24HR (Supplemental Table 1).

Conclusion

In the present paper, we investigated the validity of our
FFQ in estimating nutrient intakes of 18-month-old
toddlers. Taken together, results from the study suggest
that the FFQ is an appropriate instrument tool not only for
assessment of energy-adjusted nutrient intakes but also for
ranking toddlers into quartiles according to intakes, at
18 months of age. This FFQ could potentially be replicated
to assess and understand toddlers’ nutrient intakes in other
multi-ethnic populations.
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