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Abstract
Objective: To investigate food and nutrient intakes in 3-year-old children.
Subjects: Eight hundred and sixty-three children resident in South West England (69%
of those invited at this age), a randomly selected sub-sample of the Avon
Longitudinal Study of Pregnancy and Childhood (ALSPAC).
Methods: Diet was assessed using a 3-day descriptive food record. Food and nutrient
intakes were compared with intakes at 18 months in the same children, with intakes
in the British National Diet and Nutrition Survey (NDNS) of pre-school children, and
with dietary reference values (DRVs).
Results: Intakes of energy and most nutrients had increased between 18 and 43
months. The macronutrient content of the diet had also changed, the percentage of
energy from starch rose from 21 to 23% and from non-milk extrinsic (NME) sugar
from 12 to 16%, while the polyunsaturated to saturated fat ratio increased from 0.26
to 0.33. When compared with the NDNS, intakes of energy and all nutrients were
higher with the exception of NME sugar. Energy intakes were below the estimated
average requirements. Mean intakes of iron and vitamin D were below the Reference
Nutrient Intake. Fewer children were eating beef at 43 months than at 18 months.
Total daily meat consumption was lower than in the NDNS. The proportion of
children consuming any vegetables dropped between 18 and 43 months, although
fruit eating remained constant.
Conclusions: The diets of 3-year-olds in this study were adequate in most nutrients.
Our results suggest that energy requirements of pre-school children in the 1990s are
less than the DRV. Nutrient and food intakes changed between 18 and 43 months.
Children were eating less meat than their counterparts in the NDNS.

Many chronic diseases that occur in older adults such as
coronary heart disease and some cancers have been
related to the intake of a number of dietary factors, which
may be protective or detrimental1±7. Britain has higher
levels of many of these diseases than other countries in
the Western world8. This could be related to the type of
diet habitually eaten in Britain. The precursors of some of
these diseases start in childhood9,10 and this is also the
time when dietary habits start to be formed11.
Information about the dietary habits of a cohort of
around 1000 children was collected at age 18 months12 in
1994 and at 43 months in 1996; the present analysis looks
at the nutrient and food group intakes of these children.
These are compared with data in the published report
from the British National Diet and Nutrition Survey
(NDNS), which assessed the diets of 250 boys and 243
girls aged between 3 1/2 and 4 1/2 years13. The fieldwork
for the NDNS was carried out over a 12-month period in
1992/3. The nutrient and energy intakes are also
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compared with dietary reference values (DRVs) for the
United Kingdom14, to assess adequacy of the diet. Weights
of various foods eaten are compared between 18 and 43
months and with the NDNS.
Methods
The data for this study were obtained from the Avon
Longitudinal Study of Pregnancy and Childhood
(ALSPAC), a prospective cohort study designed to identify
features of the environment that influence the health and
development of children15,16. Pregnant women with an
expected date of delivery between 1 April 1991 and 31
December 1992, resident in the three Bristol-based
National Health Service Trust areas in South West
England, were eligible for the study. Around 85% of
eligible mothers enrolled (14 000 pregnancies). When
compared with the 1991 British National Census data of
mothers with infants under one year resident in the area,
q The Authors 2002
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the ALSPAC population demonstrated a slight shortfall in
those living in rented accommodation, those without a
car, single-parent families, unmarried cohabiting couples
and ethnic minorities. In-depth information was obtained
from a randomly selected sub-sample of the children born
between June and December 1992 (equivalent to 10% of
the whole cohort), known as `Children in Focus' (CIF).
These children were invited to several clinics during their
early years, where a variety of physical and developmental measures were taken. Ethical approval for the
study was obtained from the three Health Trusts covering
the study area and from the ALSPAC ethical committee.
Between January and July 1996, each child (aged
around 3 1/2 years (43 months)) and their main carer
were invited to attend a clinic. As part of the assessment,
carers were asked to record in a structured diary all of the
foods and drinks that their child consumed over three
individual days prior to the clinic: one weekend day and
two weekdays. They were asked to bring their completed
diaries to the clinic, where they were interviewed to
clarify any anomalies in the diary. Foods and drinks were
recorded in household measures. For drinks, details of the
amount of concentrate used in diluted drinks, use of
additives such as sugar, total volume offered and leftover
amount were recorded. For foods, a full description of the
food and the amount offered was requested with a
separate section for description of leftovers. Each diary
also contained a section to record if anyone else had
provided any of the main meals that day, if so who this
person was, if all the food eaten that day had been
recorded and whether the day had been typical for the
child. There was a space for comment on the reason for it
not being typical. A short questionnaire was also
included, which asked about the use of vitamin supplements, types of spread normally used on bread, and other
details of foods commonly eaten, to aid coding.
The completed dietary diaries were coded (by CS)
using the computer program DIDO (Diet In, Data Out)17,
originally developed by a team from the Human Nutrition
Research Unit in Cambridge. The program generates a
food code and an associated weight for each item of food
and drink recorded. The coding of all diaries was checked
against the original records and errors were corrected.
The databank used for the nutrient analysis included
the fifth edition of McCance and Widdowson's food
tables18, and the supplements to the tables19±27. Wherever
possible the most up-to-date nutrient data were used; e.g.
meats were coded using the meat, poultry and game
supplement27 rather than the fifth edition of the food
tables. This was done on the assumption that the nutrient
composition of food may change over a period of time
and methods of analysis may improve. The portion sizes
used were based on those given in the Ministry of
Agriculture, Fisheries and Foods' (MAFF) Food Portion
Sizes booklet (second edition)28 and from given weights
of manufactured products. Where no other information
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was available adult portion sizes were scaled down to
child-size portions, i.e. for main courses to 0.5 and for
puddings and cereals to 0.6 (these were estimated portion
sizes and no difference was made between boys and
girls). A number of other foods and portion sizes were
added to make the database more suitable for coding the
diets of young children, such as confectionery items and
soft drinks. Where data for specific nutrients in some
foods were missing from the food tables, estimates of the
nutrient content were made and added to the tables; this
reduces the possibility of underestimating some nutrient
intakes29.
An in-house nutrient analysis program was used to
generate the nutrient analysis for each food that the child
ate. The average daily nutrient intakes and amount
consumed of various groups of foods were calculated.
Diaries that produced very high or very low estimates of
intake for some nutrients (energy, protein, fat, carbohydrate, calcium, iron, folate and vitamin C) were
rechecked (by PE); this amounted to 10% of the diaries.
Minor adjustments were made to half of these and more
substantial adjustments to 3%.
Nutrient intakes from dietary supplements were not
included in this analysis. However, around one-quarter of
the children were recorded in the questionnaire as
receiving vitamin supplements (18.2% daily, 4.8% 4±6
times a week, 3.0% 2±3 times a week, 0.8% once a week
and 1.9% less than once a week).
Non-milk extrinsic sugar (NME sugar) was calculated
from total sugars by deducting all the sugar provided by
fresh fruit, vegetables and milk and part of that provided
by tinned fruit, baked beans, yoghurt and fromage frais.
Statistical methods
Differences between nutrient intakes according to factors
affecting recording of the diet
The mean nutrient intakes from each day of the week
recorded were compared by one-way analysis of variance
or Kruskal±Wallis tests, to determine whether it was
necessary to weight the mean intakes of each child
according to the particular days of the week recorded.
Overall mean intakes were then labelled according to
whether a Sunday had been recorded or not. The intakes
with or without a Sunday included were compared using
Student t-tests or Mann±Whitney U-tests, keeping the
sexes separate.
Recorded days that the carer had indicated were not
typical of the child's normal eating pattern ± either
because the child was unwell or for some other reason ±
were compared with typical days, using one-way analysis
of variance or Kruskal±Wallis tests. Recorded days where
the carer had indicated that another person had given the
child some of their meals were compared with days
where all of the meals had been provided by the main
carer, using Student t-tests or Mann±Whitney U-tests.

Diet in 3-year-old children

Energy requirements and under- or overreporting of
energy intake
Underreporting of energy intake is a major problem in
dietary surveys of adults30,31 and older children32. To
investigate the extent of under- or overreporting in this
survey, observed or reported energy intakes (OEI)
calculated from the dietary diaries were compared with
predicted energy intakes (PEI). If PEI exceeded OEI by
more than 1290 kJ the child was considered a possible
underreporter, whereas if the reverse was true the child
was considered a possible overreporter. This value
(1290 kJ) represents 22.2% of the overall mean value as
suggested by Davies et al. in an analysis of energy intakes
related to energy expenditure in the NDNS33. Alternatively, predicted energy expenditure (PEE) was calculated
and children with an OEI below this were considered to
be underreporters. No estimates for over-recording were
produced by this method. Four different methods were
used to calculate either PEI or PEE so that OEI could be
compared with four different predicted levels.
Method 1 ± PEI using the Estimated Average Requirement (EAR) for energy per kg body weight given in
the 1991 Dietary Reference Values for the United
Kingdom14. Taking the mid-point between the figures
for 3- and 4-year-olds (400 and 375 kJ kg21 for boys
and girls, respectively) and then multiplying by the
weight of the child at 43 months.
X Method 2 ± PEI using figures derived from doubly
labelled water measurements of energy expenditure
in young children34 (334 and 314 kJ kg21 in boys and
girls, respectively) and multiplying by weight as
before.
X Methods 3 and 4 ± PEE using the equations for
calculating basal metabolic rate (BMR) from body
weight given in the 1985 FAO/WHO/UNU report on
protein and energy requirements35 with an increment
added for physical activity. Two levels of increment
were used: 135% of BMR as suggested by the World
Health Organization (WHO)35 and 120% of BMR,
because energy expenditure on physical activity in
young children has been shown to be at this level in a
study in the USA36.
X

Differences according to the sex of the child
The differences between nutrient intakes and energy
density in boys and girls were assessed using the Student
t-test or Mann±Whitney U-test.
Results
Response rate
A total of 1249 children were invited to attend for
assessment at 43 months of age, and 1065 attended.
Dietary diaries were completed by 863 (69.1% of those
invited); of these, 724 completed 3-day diaries, 80
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completed 2-day diaries and 59 one day only. The days
recorded were not necessarily consecutive. Boys who did
not have their diet recorded were slightly taller and
heavier than those who did (mean (standard deviation,
SD) height: 100.5 (3.9) vs. 99.6 (3.6) cm, P  0:025;
respectively; weight: 16.8 (1.9) vs. 16.4 (1.8) kg, P , 0:05;
respectively). There was no difference between the girls
who did or did not supply dietary records for these
variables (mean (SD) height: 98.6 (3.6) cm and weight:
16.0 (2.0) kg for girls with diaries). The mothers of
children who did not attend the clinic differed in
educational qualifications from those who did (e.g.
27.7% vs. 11.8% in the lowest educational group, chisquared P , 0:001; compared with 20.8% in ALSPAC as a
whole). However, there was no significant difference in
educational qualifications between those attending who
did or did not complete dietary diaries for their children.

Differences between nutrient intakes according to
days of the week recorded
The day of the week most frequently recorded was
Sunday n  446 and the least recorded day was Thursday n  262: When mean or median estimated nutrient
intakes on the different days of the week were compared,
all days were very similar except for Sunday. Sundays
were not recorded in all of the diaries so we compared
the estimated intakes for each child where a Sunday had
been recorded with those where it had not. In both sexes
carotene intakes and hence retinol equivalents were
higher if a Sunday had been recorded. In boys calcium
intakes were lower and in girls the energy contribution
from protein was higher if a Sunday had been recorded.
As these differences were small and affected so few
nutrients, it was not considered necessary to adjust for
days of the week recorded.

The effect on nutrient intake of illness and other
atypical days
Carers had been asked to choose to record days that were
likely to be typical of their child's normal eating pattern
and therefore the number of atypical days recorded was
not large. On 2.3% of recorded days the child was said to
be unwell, 9.8% of days were said to be atypical for other
reasons (e.g. birthday party attended, visitors came).
Intakes of all nutrients except carotene and vitamin C
were significantly lower if the child was unwell on the
recording day (with the difference ranging from 15 to 29%
lower). If the day was atypical for other reasons fewer
nutrient intakes were affected: intakes of protein,
potassium, iodine, zinc, riboflavin, thiamine and vitamin
B6 were significantly lower (by around 5 to 10%). As
comparatively few diaries were affected, no adjustment
was made for this.
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Table 1 Assessing the estimated degree of over- or underreporting of energy intake from dietary diaries
collected from 43-month-old children, by four different methods described fully in the text

Method 1
Method 2
Method 3
Method 4

Predicted minus
observed energy (kJ)

% of children
`underreporting'

% of children
`overreporting'

748
527
2333
2450
NA
NA
NA
NA

32
22
8
5
19
25
8
11

4
5
21
20
NA
NA
NA
NA

Boys
Girls
Boys
Girls
Boys
Girls
Boys
Girls

NA  not applicable.

The effect on nutrient intake of someone other than
the main carer looking after the child for some
meals
The total number of days recorded was 2391. Someone
other than the main carer had given the child at least one
main meal on 702 days (29.4%). More than one meal was
involved on 26% of these days. Half of the meals affected
were at midday. The person most likely to be involved
was the partner of the carer (33.5%), followed by a
relative (21.1%), at nursery (17.2%), at play school
(12.3%), a minder or nanny (11.2%) or a friend (3.8%).
There were very few differences in nutrient intake
between days when the main carer was the sole provider
of meals and those where someone else was involved.
Mean protein, total sugar and calcium intakes were all
slightly higher when someone else had provided a meal.
Energy requirements and under- or overreporting
of intake
Table 1 shows the extent of under- or overreporting
estimated by the four different methods of calculating PEI
or PEE. Predicting energy intake from EAR resulted in a

large positive difference between PEI and OEI and a large
proportion of children being labelled as underreporters
(Method 1). There was a smaller negative difference and
far fewer children labelled as underreporters if doubly
labelled water measurements of energy expenditure were
used to obtain PEI (Method 2). Similarly, the lower level
of PEE using 120% of BMR as the cut-off (Method 4)
identified many fewer underreporters than that using
135% (Method 3), and found similar levels of underreporting to Method 2. The data presented in the rest of
this paper have not been adjusted for over- or underreporting.
Differences between nutrient intakes and nutrient
density according to the sex of the child
The mean estimated dietary intakes of the macronutrients
and selected micronutrients in CIF at 43 months are
shown in Table 2 for boys and Table 3 for girls. The mean
nutrient intakes in the CIF at 18 months and the
percentage change from 18 to 43 months are also
shown, along with the mean intakes (from food sources
only) for the children aged between 3 1/2 and 4 1/2 years
in the NDNS.

Table 2 The mean (SD) nutrient intakes estimated from dietary records kept at 18 and 43 months of age in boys in the Children in Focus
population sample, with data (from food sources only) from the National Diet and Nutrition Survey (NDNS) of 3 1/2- to 4 1/2-year-old boys
for comparison

Nutrient
Energy (kJ)*
Energy (kJ)/kg body weight
Protein (g)
Fat (g)
Saturated fat (g)
Polyunsaturated fat (g)*
Monounsaturated fat (g)
Carbohydrate (g)
Total sugar (g)
NME sugar (g)
Starch (g)
Vitamin C (mg)*
Iron (mg)*
Calcium (mg)*
Zinc (mg)*
Iodine (mg)*

Mean (SD)
at 18 months
n  563
4765
406
42.7
48.3
23.1
5.6
15.5
141
78.1
37.0
62.1
54.5
5.48
829
5.10
184

(938)
(10.4)
(12.1)
(6.6)
(2.3)
(4.2)
(31)
(21.3)
(18.5)
(19.2)
(49.6)
(1.95)
(259)
(1.31)
(93)

Mean (SD)
at 43 months
n  488
5809
357
48.0
56.8
25.3
7.79
18.6
181
92.4
58.8
86.9
53.1
6.41
796
5.31
157.2

(1099)
(72)
(11.9)
(14.3)
(7.7)
(2.9)
(4.8)
(36)
(26.3)
(22.5)
(22.3)
(41.3)
(1.72)
(287)
(1.52)
(83.4)

* Non-parametric statistics were used for the comparison between boys and girls.

Percentage change
from 18 to
43 months
+22.0
+12.4
+17.6
+9.5
+39.2
+20.0
+28.4
+18.4
+58.9
+39.9
22.6
+17.0
24.0
+4.1
214.7

Mean (SD) at 3 1/2 to
4 1/2 years from NDNS
n  250
5356
323
39.4
50.1
21.9
6.8
15.7
177
98
69
79
50.8
5.6
625
4.7
121

(1119)
(10.4)
(13.4)
(6.5)
(2.5)
(4.4)
(41)
(33.2)
(30.0)
(22.1)
(41.1)
(1.74)
(226)
(1.42)
(56.9)
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Table 3 The mean (SD) nutrient intakes estimated from dietary records kept at 18 and 43 months of age in girls in the Children in Focus
population sample, with data (from food sources only) from the National Diet and Nutrition Survey (NDNS) of 3 1/2- to 4 1/2-year-old girls for
comparison

Nutrient
Energy (kJ)
Energy (kJ)/kg body weight
Protein (g)
Fat (g)
Saturated fat (g)
Polyunsaturated fat (g)
Monounsaturated fat (g)
Carbohydrate (g)
Total sugar (g)
NME sugar
Starch (g)
Vitamin C (mg)
Iron (mg)
Calcium (mg)
Zinc (mg)
Iodine (mg)

Mean (SD)
at 18 months
n  463
4441
401
40.1
45.1
21.7
5.06
14.5
131
72.3
33.8
57.9
48.0
5.20
777
4.8
173

(908)
(9.8)
(11.7)
(6.5)
(2.1)
(3.9)
(29)
(19.4)
(17.4)
(18.7)
(43.0)
(1.70)
(250)
(1.2)
(89)

Mean (SD)
at 43 months
n  375
5492
345
45.1
54.3
24.2
7.51
17.8
170
88.6
56.8
80.0
56.0
6.07
732
4.9
145

Intakes of energy and all macronutrients, except
polyunsaturated fat, were significantly higher in boys
than in girls at 43 months. Boys also had higher recorded
intakes of fibre and most minerals. The intakes of several
of the vitamins, however, were not significantly different
between boys and girls, including folate and vitamin D
(data not shown).
Table 4 shows the percentage of energy provided by
each of the macronutrients for both sexes together in CIF
at 43 and 18 months and in the NDNS. The polyunsaturated fat to saturated fat ratio (P/S) and the fat to
carbohydrate ratio (F/C) are also shown. There was no
difference between the boys and girls at 43 months once
energy intakes had been controlled for in this way (data
not shown), except in the contribution of starch to
energy: 23.8% in boys and 23.0% in girls P  0:024:
When vitamin and mineral intakes per unit of energy
were calculated and compared between boys and girls,
there were very few significant differences. Boys had
Table 4 The percentage contribution to energy intake from
macronutrients and the ratios of polyunsaturated fat to saturated
fat (P/S) and fat to carbohydrate (F/C) in the diet of children at 18
and 43 months and in the National Diet and Nutrition Survey
(NDNS) at 3 1/2±4 1/2 years
Percentage of energy from
Protein
Carbohydrate
NME sugar
Starch
Fat
Saturated
Monounsaturated
Polyunsaturated*
P/S*
F/C*

18 months

43 months

NDNS

14.4
46.7
12.3
20.8
38.3
18.0
12.0
4.3
0.26
0.35

13.9
49.2
16.4
23.4
37.1
16.5
12.1
5.2
0.33
0.32

12.6
52.0
19.8
23.3
35.4
15.6
11.2
4.9
0.31
0.29

* Non-parametric statistics were used for the comparison between boys and
girls.

(1034)
(68)
(11.4)
(13.0)
(7.0)
(2.9)
(4.5)
(34)
(23.4)
(21.2)
(23.9)
(37.5)
(1.92)
(278)
(1.4)
(80)

Percentage change
from 18 to
43 months
+23.7
+12.5
+20.4
+11.5
+48.4
+22.8
+29.8
+22.5
+68.0
+38.2
+16.7
+16.7
25.8
+2.7
216.2

Mean (SD) at 3 1/2 to
4 1/2 years from NDNS
n  243
4978
304
37.7
47.2
20.6
6.4
14.8
162
88
60
74
45.9
5.6
595
4.4
113

(1023)
(10.5)
(13.6)
(6.6)
(2.5)
(4.5)
(33)
(26.5)
(25.0)
(20.3)
(31.2)
(1.56)
(212)
(1.4)
(56)

significantly higher copper and magnesium intakes for
each unit of energy and girls had higher intakes of dietary
cholesterol, vitamin C and vitamin E (data not shown).
Comparison between nutrient intakes from dietary
records obtained at 18 and 43 months and with the
NDNS (Tables 2±4)
In the two years between the dietary recordings taken at
18 and 43 months, the average intake of most nutrients
had increased. The exceptions to this were iodine,
calcium and vitamin C. The overall increase in energy
intake was 22.0% in boys and 23.7% in girls. However,
some of the energy-producing nutrients showed larger
proportional increases and others smaller. Fat intake was
noteworthy, with a small increase in saturated fatty acids
but a large increase in polyunsaturated fatty acids,
resulting in a large change in the P/S ratio between 18
and 43 months. Starch also showed a large proportional
increase. The increase in total sugar was in line with the
increase in energy intakes, but the increase in NME sugar
intake was much greater.
Compared with the NDNS, the estimated absolute
intakes in this study were higher for energy and all of
the energy-providing nutrients apart from total and NME
sugar. However, a smaller percentage of energy came
from carbohydrate and more from protein and fat in CIF
compared with the NDNS. All three types of fat
contributed to the greater percentage of fat, but the
difference in carbohydrate contribution to energy was
entirely because of a lower proportion of NME sugar in
CIF.
Comparison with dietary reference values
Table 5 shows the mean and median nutrient intakes in
CIF at 43 months in comparison with the dietary reference
values for children aged 1±3 years14.
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Table 5 Mean (SD) and median nutrient intakes at 43 months in
comparison with the dietary reference values for children aged 1±3
years
Nutrient

Mean (SD)

Median

Energy (kJ)
Boys
Girls
Protein (g)
Calcium (mg)
Iron (mg)

5809
5491
46.7
768
6.3

(1099)
(1034)
(11.8)
(285)
(1.8)

5726
5481
45.6
732
6.1

Zinc (mg)
Iodine (mg)
Potassium (mg)
Magnesium (mg)
Sodium (mg)
Selenium (mg)
Retinol equivalents (mg)
Niacin equivalents (mg)
Riboflavin (mg)
Thiamine (mg)
Vitamin B6 (mg)
Folate (mg)
Vitamin C (mg)
Vitamin D (mg)

5.14
152
1877
168
1823
42.3
535
20.6
1.47
0.98
1.32
152
54.4
1.79

(1.49)
(82)
(492)
(43)
(469)
(14.0)
(362)
(5.2)
(0.47)
(0.37)
(0.37)
(45)
(39.7)
(1.36)

4.95
133
1828
163
1789
40.9
479
20.2
1.42
0.94
1.28
147
42.2
1.61

RNI*
6480
5930
14.5
350
6.9
5.3
5.0
70
800
85
500
15
400
6.6
0.6
0.4
0.7
70
30
7

(EAR²)
(EAR²)
(RNI*)
(EAR²)

* Reference Nutrient Intake.
² Estimated Average Requirement.

Energy intakes were low compared with reference
values. The mean intakes of most vitamins and minerals
were well above the reference nutrient intake (RNI);
however, mean iron intakes were slightly below and
mean zinc intakes around the RNI, whereas vitamin D
intakes were very much lower. Nutrients from dietary
supplements were not included in this analysis as only a
minority (18%) were having them regularly.
Types of foods eaten
Table 6 shows the mean weights of each food group
eaten averaged over the whole sample (consumers and
non-consumers) and the percentage of children consuming the item at 43 and 18 months, with comparable figures
from the NDNS where available. The average amount
consumed for many foods had increased slightly between
18 and 43 months, as might be expected from the
increased size and energy requirements of the children.
However, the consumption of some foods had fallen
markedly. These were foods associated with a postweaning diet, such as baby foods and drinks and whole
milk. The consumption of foods popular with young
children increased considerably; these included savoury
snacks, potato products, bread and breakfast cereals. The
weights of foods such as other potatoes, meat, fruit and
vegetables had changed much less. Notably, the proportion of children consuming beef or vegetables had
decreased between 18 and 43 months. Compared with
the weighed intakes in the NDNS, the estimated weights
in this study were often higher: for example, bread, milk,
fruit, breakfast cereals and potatoes. However, the
estimated total amount of meat eaten in this study was

lower than in the NDNS. This was due to lower intakes of
burgers, sausages and pies, although intakes of chicken
dishes and lamb and lamb dishes were higher. In total,
15.4% of children ate no red meat during the 3-day
recording period, and 6.1% ate no meat of any type.
Taking all vegetables together, except potatoes and
baked beans, 17.0% ate none during the recording period
and a similar proportion (17.4%) ate no fruit. A quarter of
children ate less than 50 g per day of fruit and vegetables
added together and some ate none of either (4.6% of all
children).
Discussion
The mean dietary intakes of energy and most nutrients
were higher in boys than girls. Boys consumed slightly
larger amounts of most food groups than girls, although
the same basic portion sizes were used. However, the
quality of the diet ± as judged by the percentage of energy
contributed by each of the macronutrients and the intake
of micronutrients per unit of energy ± was very similar.
Similar differences between the sexes had been found at
18 months in CIF and at each age in NDNS. This
difference was due to the fact that the boys were slightly
larger than the girls at 43 months, and also had a slightly
greater mean intake of energy per kg body weight.
Perhaps, at this age, boys are more active than girls.
Some substantial changes in nutrient intake and types
of foods eaten were seen between 18 and 43 months.
There was a large proportional increase in starch intake
coupled with a fall in iodine and calcium intakes. This
was probably the result of the change from a postweaning diet, including a high proportion of milk, to a
child's diet with less milk and more bread and other
starchy foods. Milk is one of the main sources of calcium
and iodine in the British diet. In fact, the overall level of
milk consumption had fallen by 119 g a day while the
consumption of bread, potato products, savoury snacks,
breakfast cereals and biscuits had all increased. The
decrease in milk intake may also be partly responsible for
the change in P/S ratio since it contains a high proportion
of saturated fat. Increase in the use of polyunsaturated
spreads and fewer children eating beef added to this. This
increase in P/S ratio may mean that the diet was slightly
less atherogenic, since, in adults at least, increasing P/S
ratio has been associated with decreasing blood concentrations of total cholesterol37±39. There was a large
increase in NME sugar intake between 18 and 43 months,
due mainly to an increased number of consumers of
sweet foods, particularly sugar confectionery. There was
also an unexpected drop in the proportion of children
consuming vegetables. Parents perhaps have less control
over what children eat as they get older.
The observed mean and median energy intakes were
somewhat below the EAR in both boys and girls;
however, children were not falling behind standard
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Table 6 The mean weight (g day21) of each food group eaten in the whole sample (not consumers only) and the percentage of children
consuming each food at 18 and 43 months, with comparable data from the NDNS where available
Foods eaten at
18 months

Foods eaten at
43 months*

Foods eaten at
3 1/2 to 4 1/2 years in NDNS

Mean
weight

%
Consumers

Mean
weight

%
Consumers

Mean
weight

%
Consumers

Rice and pasta
White bread
Brown and other bread
Wholemeal bread
High-fibre white bread
All bread

28.0
20.4
3.7
7.9
0.9
33.0

65.4
73.7
17.0
34.3
4.6

35.8
35.7
3.5
10.6
1.3
51.2

68.7
83.6
12.5
32.0
5.8

25.1
34.3
4.3
7.1
1.9
47.6

49
88
26
26
7

High-fibre breakfast cereal
Other breakfast cereal
Biscuits
Cakes, buns, fruit pies
Puddings, ice cream

13.6
4.5
12.2
8.0
24.9

72.7
45.8
87.2
46.6
57.9

13.2
9.8
17.2
16.0
35.8

59.0
65.7
87.7
55.4
69.2

10.0
10.6
16.7
12.8
29.7

58
72
88
61
±

391.0
30.5
1.6
465.2
6.9
40.9
6.4

90.2
14.6
1.4

260.4
77.7
1.5
343.1
9.1
39.3
7.4

83.7
33.3
2.2
98.7
58.2
63.9
29.7

176.3
59.9
6.7
247.2
6.3
23.5
9.1

80
38
7

Food group

Whole milk
Semi-skimmed milk
Skimmed milk
All milk
Cheese
Yoghurt, fromage frais
Eggs
Butter
Polyunsaturated spreads/oils
Low-fat spreads
Other fat spreads/oils
All fat spreads/oils

57.2
69.8
28.8

57
±
47

1.4
2.2
1.2
1.2
6.0

26.4
39.4
21.2
21.2

2.4
3.9
1.6
1.4
9.4

27.7
47.4
20.8
20.0

1.3
2.5
1.4
1.9
7.2

29
±
±
±

Pork
Beef
Bacon, ham
Lamb
Liver
Sausages
Burgers, kebabs
Pies
Coated chicken, turkey
Chicken, turkey dishes
Other meat products
All meat

2.4
9.4
2.8
6.9
1.5
4.6
0.8
3.2
1.6
8.0
0.6
41.9

15.2
36.8
32.7
18.7
7.5
32.9
5.5
14.7
10.4
44.8
8.4

3.9
9.3
5.3
6.1
0.9
6.6
1.3
3.6
5.0
12.7
0.9
55.4

15.3
24.9
45.1
16.2
4.0
35.4
5.5
12.6
24.1
44.8
9.9

1.9
12.2
4.4
2.0
0.2
10.5
4.3
6.4
4.3
7.1
5.1
58.4

19
46
46
15
4
54
26
27
24
52
30

Oily fish
Coated white fish
Other fish
All fish

1.4
5.6
3.1
10.1

11.4
32.5
13.7

2.5
8.4
3.1
14.4

13.6
35.9
10.6

1.3
6.9
1.8
10.0

15
38
9

Raw tomatoes
Carrots, raw
Other salad/raw vegetables
Carrots, cooked
Green leafy vegetables
Peas
Tomatoes, tinned/cooked
Other cooked vegetables
All vegetables
Baked beans
Potatoes, fried, roast, chips
Other potatoes
Total potatoes

2.0
0.3
1.2
10.1
8.9
7.3
1.2
7.2
39.2
16.1
17.6
29.2
46.8

14.3
3.6
15.3
64.9
52.6
56.7
10.7
51.2
91.6
46.1
56.1
78.3

3.5
1.2
4.2
8.8
7.9
6.2
0.7
6.6
40.1
15.0
32.1
25.0
57.1

18.2
7.0
26.9
47.4
39.7
40.4
3.9
37.6
83.0
40.1
72.3
62.6
92.7

2.1
1.7
3.5
4.9
2.8
6.8
0.3
9.8
32.2
11.3
29.3
26.0
55.3

17
13
27
53
33
48
2
61
±
45
76
77

Citrus fruit
Apples and pears
Bananas
Other fresh fruit
All fruit

8.5
13.4
28.5
10.8
63.9

22.1
44.0
61.1
40.1
84.1

6.3
26.8
21.4
11.7
69.0

19.5
56.9
47.3
39.5
82.6

6.1
16.5
14.0
10.1
49.7

24
49
40
32

6.2
6.9
3.8

65.6
63.3
18.4
55.7
38.0

11.7
11.6
5.2
6.8
64.2
23.1
128.5
321.5

75.2
67.8
41.9
70.5
44.0
24.6
59.0
75.0

10.4
12.3
12.4
6.1
58.2
34.8
282.5
127.0

81
76
67
±
36
38
90
52

Savoury snacks, crisps
Chocolate confectionery
Sugar confectionery
Sugar, preserves, sweet spreads
Fruit juice
Tea
Normal fizzy drinks and cordials
Diet fizzy drinks and cordials

* Adjusted to equal contribution from boys to girls.
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growth curves40. Other recent surveys of dietary intake in
pre-school children have also found intakes lower than
the EAR11,13. However, observed energy intakes were
closer to predicted energy intakes based on doubly
labelled water measurements of energy expenditure.
Furthermore, an attempt was made to estimate the level
of under-recording of dietary intake in this study. The
level found was highly dependent on the method used to
calculate predicted energy intake, so that it was very
difficult to draw any conclusions about the real level of
under-recording. The method using doubly labelled
water data and the one using the lower level of activity
agreed fairly closely, suggesting that children are less
active nowadays than in the past. Perhaps this is the
reason why the EAR is much higher than the recorded
intake of contemporary children. No adjustment was
made for under-recording in the NDNS, which estimated
even lower energy intakes.
The contribution to energy from fat was close to the
recommended average for the adult population of 35%14.
However, the contribution from saturated fat was higher
than the recommended 10% for adults, and that from
polyunsaturated fat was lower, 6±10% is recommended.
The proportion of energy derived from NME sugar was
much higher than the recommended maximum of 10%,
whereas that derived from starch was somewhat lower
than the recommendation of around 37%. A major shift in
dietary habits would be necessary to move these
proportions towards the recommendations for adults.
Comparison (Table 4) shows that, if anything, the diet
recorded in CIF in 1996/7 was further from the
recommendations than that recorded in the NDNS in
1992/3 except with respect to sugar and polyunsaturated
fat. It has been suggested that the diets of very young
children should not be restricted in fat content in case this
results in poor growth; a further analysis of these data has
shown no grounds for concern in this respect41.
For most vitamins and minerals the mean and median
intakes in CIF were well in excess of the RNI14, implying
that the chances of any of the children in the CIF group
having an inadequate intake of one of these nutrients was
extremely small. The exceptions to this were iron, zinc
and vitamin D. Although the mean zinc intake was above
the RNI, the median intake was slightly below it. The
mean and median iron intakes fell between the RNI and
the EAR. It was therefore possible that some of the
children may have been having inadequate intakes of
these minerals. Vitamin D intake was roughly a quarter of
the RNI. However, this does not necessarily imply a
problem with vitamin D deficiency, as in practice most
vitamin D is derived from the action of sunlight on the
skin. In addition, the contribution of supplements, taken
by less than 25% of the children, to vitamin D intake had
not been taken into account. It has been suggested that
there may be a problem in Britain in winter months when
there is less exposure to sunlight42. Perhaps more
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emphasis should be put on the recommendation that
vitamin D supplements should be given to children up to
5 years of age43, especially in winter42.
The estimated nutrient intakes in this study were, for
the most part, higher than those in the NDNS despite the
average age of the children assessed being lower.
However, this may be because of the difference in
methods used rather than real differences in intake.
NDNS used weighed intakes of diet over a 4-day period
and there is evidence that asking people to weigh the
food they eat leads to under-recording of intake44. In CIF
recording was done using household measures, which
may be less prone to this bias. However, because weights
of food were not recorded it was necessary to estimate the
portion sizes eaten and although standardisation was
attempted by using the DIDO coding program, it is quite
possible that the weights of some foods were overestimated. In the NDNS, intakes were adjusted according
to weekday and weekend recording; in CIF we found
very little difference between the days of the week and so
did not adjust. In CIF very few of the recorded days were
when the child was unwell (2.3%), whereas the children
in NDNS were unwell on 12% of recorded days. This
would have led to higher estimates of intake in CIF since
intakes of almost all nutrients were lower on days when
the child was unwell compared with typical days. There
was no evidence in CIF of under-recording on days when
someone other than the main carer had provided meals
for the child.
The only nutrient intake that was found to be lower in
CIF than NDNS was total sugar, particularly NME sugar.
This may be due to a much greater use of low-sugar/diet
fizzy drinks and cordials in this study. Any cordial or
squash that was not fully described was coded as lowsugar because this was the most used type where a full
description was available. There was also a lower
proportion of consumers of chocolate and sugar confectionery in this study compared with the NDNS. This
was particularly marked for sugar confectionery. The
mothers in CIF had, on average, higher education levels
than those in the NDNS12. We have shown in previous
analysis of CIF data45 that mothers in the higher
educational groups are more likely to respond to health
messages. Avoidance of confectionery to improve child
dental health has been a consistent message over many
years. Despite this, the diet of these children had
deteriorated between 18 and 43 months with regard to
confectionery eating.
Comparing the weights of each food group eaten and
the proportion of consumers between this study and the
NDNS showed that, for many foods, our estimates of food
weights were higher than the weighed intakes of the
NDNS. The proportion of children consuming each food
was not generally higher. This may be due to the fact that
this study recorded intakes over 3 days whereas the
NDNS recorded over 4 days, and thus there was more
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opportunity for foods less frequently eaten to be recorded
in NDNS. There were, however, some important exceptions to this in the meat groups. Several months prior to
starting the collection of the dietary diaries at 43 months,
the first major publicity relating to bovine spongiform
encephalopathy (BSE) occurred. This associated the
eating of beef with disease in humans. It seems therefore
that parents may have changed the way they fed their
children in response to this: our study recorded lower
intakes of beef burgers, sausages and pies than the NDNS,
but higher intakes of chicken and turkey. This conclusion
is strengthened by the recorded drop in the proportion of
consumers of beef in CIF between 18 and 43 months.
Further study of this group of children could reveal
whether this drop in meat intake affected health; certainly
it could have contributed to the relatively low iron and
zinc intakes observed.
Another important area of difference between this
study and the NDNS was a higher mean intake of whole
milk and a lower proportion of skimmed and semiskimmed milk users. Perhaps the recommendation to use
whole milk rather than reduced-fat milk as a drink for the
under fives is having an impact43.
The children in this study had an average daily intake of
40 g of vegetables and 69 g of fruit compared with 32 g
and 50 g, respectively, in the NDNS. Increasing fruit and
vegetable intake is a health message that has been widely
publicised, particularly in relation to cancer risk7, and
there is some evidence here of its efficacy. Despite this
there were a number of children who ate no vegetables or
fruit during the recording period. It will be important to
track these dietary habits further and assess their
consequences.
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