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Abstract

Objective: To assess the nutritional quality of lunchtime food consumption among
elementary-school children on Prince Edward Island according to the source of
food consumed (home v. schooD).

Design: Students completed a lunchtime food record during an in-class survey.
Dietary adequacy was assessed by comparing median micronutrient intakes with
one-third of the Estimated Average Requirement; median macronutrient intakes
were compared with the Acceptable Macronutrient Distribution Ranges. The
Wilcoxon signed rank test was used to assess differences in nutrient intakes
according to source of food consumed.

Setting: Elementary schools in Prince Edward Island, Canada.

Subjects: Grade 5 and 6 students (72 1980).

Results: Foods purchased at school were higher in nutrient density for ten
micronutrients (Ca, Mg, K, Zn, vitamin A, vitamin D, riboflavin, niacin, vitamin B¢
and vitamin B;,) compared with packed lunch foods from home, which were
higher in three micronutrients (Fe, vitamin C and folate). School lunches provided
sufficient protein but were higher in sugar and fat than home lunches. Foods
brought from home were higher in carbohydrates, fibre and Na than foods
purchased at school.

Conclusions: The overall nutritional quality of lunches was poor, regardless of
source. A significant proportion of foods consumed by the students came from
home sources; these were lower nutritional quality and were higher in Na than
foods offered at school. Findings suggest that improving the dietary habits of
school-aged children will require a collaborative effort from multiple stakeholders,
including parents.
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Experts agree that having access to healthy foods while
at school can enable children to develop healthy eating
habits and reduce childhood obesity" ™. Unfortunately,
children face a variety of challenges while trying to ‘eat
healthy’ during time spent at school owing to the ready
availability of high-fat and high-sugar foods. One common
strategy to improve children’s eating habits is to reduce or
remove access to unhealthy foods at the school level®
through school food and nutrition policies (SFNP).

The development of SENP is increasingly viewed as an
important strategy to improve eating habits and reduce
childhood obesity"*”. In 2006, all elementary (grade
1-6) and consolidated (grade 1-8) schools in Prince
Edward Island (PED), Canada adopted nutrition policies.
The PEI SFNP addresses such issues as the quality of food
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available in the school environment, student access to food,
food used in school fundraising initiatives, food safety and
nutrition education. The policy regulations include food
lists that classify specific food items e.g. French fries and
pizza according to the allowed frequency of consumption,
as ‘every day’, ‘sometimes’ and ‘once in a while’ foods.
Specific nutrient criteria are not included in the SNFP food
lists; instead, food descriptions such as ‘low fat hot dogs” or
‘Jlower sodium soups’ are included.

A major gap in our understanding of how nutrition
policies affect children’s dietary intakes is information on
the nutritional quality of lunchtime food choices, and
how this is influenced by the source of the child’s lunch
(combination of home and school). Most SFNP evalua-
tions have assessed impact on overall children’s dietary
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intake (at home and at school). Although there is growing
evidence that home packed lunches are of lower nutri-
tional quality than national school lunch programme
standards®®™? there are no Canadian studies which have
examined the nutrient composition of children’s lunch-
time food intake. Since there is no national school food
programme in Canada, elementary-school lunch pro-
grammes are ad hoc and volunteer driven with limited
menu selection of sandwiches or pizza from either out-
side caterers or prepared on site by volunteers. Further,
students may also purchase milk at a subsidized price. As
a result, a large number of PEI children take a packed
lunch from home and supplement this with foods and/or
beverages purchased at school’?. Assessing the nutri-
tional content of children’s lunch foods according to the
source of food is thus important and will help enhance
our understanding of the role of parents and schools in
improving the nutritional quality of children’s school
lunches. Specifically, it is important to compare the
quality of food provided at school, which depends on the
level of adherence to the policies, with the quality of food
provided from home, which is influenced by such factors
as the nature of foods available"'®, parental food prac-
tices'™, knowledge about nutrition and student food
preferences’”. The present study describes the nutri-
tional quality of lunchtime food consumption among
grade 5 and 6 children on PEI and assesses differences in
nutritional quality according to the source of food con-
sumed (home v. schooD).

Methods

Sample

In 2007, there were fifty-two elementary (grade 1-6) and
consolidated (grade 1-8) schools in PEI. Schools that
had no students in grades 5 and 6 were eliminated from
the sample as were a small number of French-language
schools, leaving a total of forty-four schools. Students
below grade 5 are less likely to provide valid dietary
data”"®'” and thus were not invited to participate. All
grade 5 and 6 students in the forty-four schools were
invited to participate in the research. Only those students
whose parents had returned signed consent forms and
had completed the parent surveys were included in the
study. A total of 2036 out of 3320 grade 5 and 6 students
had permission to participate in the present study repre-
senting a 61 % response rate after accounting for absent or
sick children on the day of the survey. Fifty-six (2:8%)
questionnaires were eliminated due to unreliable dietary
data or missing or incomplete parental consent forms
leaving a total of 1980 lunchtime food records (LFR;
60%). The final sample included 1006 boys (497 %) and
1020 girls (50-4%). The sample was distributed evenly
between grades with 1039 grade 5 students (49-2%) and
1072 grade 6 students (50-8 %).
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Data collection

An in-class cross-sectional survey was used to assess
children’s lunchtime food consumption and the source of
foods/beverages consumed among grade 5 and 6 stu-
dents in PEIL. Data were collected in the winter of 2007.
The study protocol was approved by the University of
Prince Edward Island Research Ethics Board.

Students were asked to recall foods and beverages
consumed during school lunch for one day using a pre-
viously validated LFR method"™®. When data collection
was in the afternoon, the present day’s lunch was
reported (on-third of students); when data collection
occurred in the morning, children were asked to recall
foods consumed at the previous day’s lunch (two-thirds
of students). Students who reported lunches for the pre-
vious day had small but significantly higher intakes of most
micronutrients compared with student’s intakes recorded
the same day as data collection (date not shown). Data
collection was not conducted on Monday mornings
or Fridays so as to increase the validity of self-reported data
and to accommodate the schools’ schedules. Trained
individuals provided students with instructions and a
sample of a completed LFR as well as assistance with
recalling and spelling food and beverage items. Students
indicated how many servings they ate, the source of the
food (school lunch, milk programme, vending machine,
home, ‘other’ source) and details about foods and bev-
erages consumed (i.e. brands, flavours, condiments). All
completed LFR were reviewed by trained research assis-
tants to identify missing or unclear information.

Data analyses

All foods and beverages consumed were coded using the
2007 version of the Canadian Nutrient File"”. Information
was obtained from schools and fast-food outlets, if applic-
able, regarding serving sizes (e.g. size and type of sub-
marine sandwich; volume of carton of milk). When children
were unable to provide sufficiently detailed descriptions of
foods and beverages consumed, standard coding rules were
applied using foods and/or serving sizes which are com-
monly consumed by Canadian children in this age group®”.
Cross-referencing of coding was performed by the two
trained research assistants to increase consistency. All foods
and beverages were then entered into the CANDAT nutrient
analysis program®" and cross-checked with those originally
recorded on the LFR. Standard macro- and micronutrients
were then generated using CANDAT software. Nutrient data
were examined for extreme values and duplicate entries
using the SAS statistical software package version 9-1 (SAS
Institute Inc., Cary, NC, USA). Extreme values were identi-
fied using SAS univariate analysis and checked against the
original LFR and nutrient analysis printouts to ensure that
they did not arise from errors in coding or data entry. Any
identified errors were corrected; if the extreme value
reflected an unreliable record, it was deleted. Duplicate
entries were also identified and deleted.
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Due to a low number of foods/beverages from ‘vending’
and ‘other’ sources, the ‘source’ variable was re-coded so
that foods/beverages from vending machines were included
with ‘school foods” and ‘other’ foods (usually fast food taken
to school by parents) were then included with ‘home foods’.

Descriptive statistics were generated for energy (kJ/
kcal), micronutrients (Ca, folate, Mg, niacin, K, riboflavin,
thiamin, vitamin A, vitamin Bg, vitamin B;,, vitamin C,
vitamin D, vitamin E and Zn), macronutrients (carbohy-
drates, fat and protein), fibre and total sugars. The dietary
quality of lunches was assessed by comparing median
micronutrient, protein, Ca and vitamin D intakes to one-
third (>33%) of the Estimated Average Requirement
(EAR)??| since there is no national school lunch pro-
gramme in Canada and therefore no standard as in the
USA. When the EAR was not available for specific nutri-
ents such as K, Na and fibre, the median intakes were
compared with one-third of the Adequate Intake (AD? .
Given that the majority of foods consumed were brought
from home, nutrient intakes from foods brought from
home were higher than from foods purchased at school.
Therefore, nutrient densities (nutrients per 4184KkJ/
1000 keaD)®® were calculated for foods consumed from
school and from home to standardize the nutrients from
the two sources. While definitions of nutrient density
vary, it is often defined as the nutrient content (in grams
or mg) of a food or meal divided by the total energy
content (expressed in kilojoules/kilocalories) .
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Since the distribution of intakes for all nutrients asses-
sed differed substantially from a normal distribution and
could not be normalized by log or square-root transfor-
mation, differences in nutrient intakes from foods brought
from home wv. purchased at school within each child
were assessed using the Wilcoxon signed rank test. The
Wilcoxon rank sum test was used to assess differences in
nutrient densities of foods according to sex. The x* test
was used to assess associations between the adequacy of
lunchtime nutrient intakes and sex. A P value of 0-05 was
used to define statistical significance.

Results

Analysis revealed that total median lunchtime intakes of
Ca, Mg, Zn, vitamins A, D, C, Bs and folate fell below
recommended levels (one-third of the RDA; Table 1).
K intakes fell below the recommended Al level whereas
Na intakes exceeded one-third of the Al (939 mg); the
levels were so high that they exceeded one-third of the
Tolerable Upper Intake Level (UL; 733-3mg) which is
the highest daily intake level identified as being associated
with no increased health risk®?. In contrast, median fibre
intakes were well below one-third of the Al (Table 1).
More than 50% of the children consumed lunches that did
not meet one-third of the recommended nutrient intakes
(EAR or AD for Mg, Zn, vitamin A, vitamin C, vitamin Bg,

Table 1 Total lunchtime nutrient intakes by source of food consumed* for grade 5 and 6 children (n 1980) in elementary schools, Prince

Edward Island, Canada

Total Home School
Recommended
Nutrient nutrient intake Mean sD Mean SD Mean SD P valuet
Weight (g) 502-5 219:2 3235 239-2 176-4 210-8 <0-0001
Energy (kJ) 2305 1035 1605 1122 696 947 <0-0001
Energy (kcal) 551-0 247-4 383-6 268-1 166-3 2264 <0-0001
Protein () 11-3 191 11-3 12-2 11-2 6-84 8-9 <0-0001
Fat (g) 18-8 11-2 12-6 11-3 6-2 9-0 <0-0001
Carbohydrates (g) 77-8 38-6 56-2 40-8 211 311 <0-0001
Sugar (g) 36-1 24-0 241 22.7 11-8 175 <0-0001
Fibre (g) 872, 10-338 417 277 3-10 2:70 1-04 1-80 <0-0001
Fe (mg) 27 34 2:0 25 21 0-85 15 <0-0001
Ca (mg) 433 3067 206-0 147-6 154-4 158-8 189-4 <0-0001
Mg (mg) 80 65-9 37-9 42-3 35-8 23-4 30-9 <0-0001
K (mg) 1500 695-9 384-9 412-3 343-1 281-8 3558 <0-0001
Zn (mg) 27 2:3 1-4 14 1-3 0-87 11 <0-0001
Vitamin A (RAE) 200 128-1 145-4 56-4 115-3 71-8 104-9 <0-0001
Vitamin D (p.g) 17 15 16 0-3 0-9 11 1-4 <0-0001
Vitamin C (mg) 15 34-3 437 27-8 40-5 6-4 22-5 <0-0001
Thiamin (mg) 0-3 0-41 0-25 0-29 0-25 0-12 0-19 <0-0540
Riboflavin (mg) 0-3 0-57 0-34 0-31 0-27 0-26 0-31 <0-0001
Niacin (mg) 4-0 77 5-3 5-3 5-3 2:4 36 0-0002
Vitamin Bg (mg) 0-3 0-29 0-22 0-20 0-20 0-09 0-14 <0-0001
Vitamin B2 (.g) 0-6 0-98 0-92 0-44 0-77 0-53 0-67 <0-0001
Folate (.g) 100 98-9 70-3 74-6 69- 24-2 45-8 <0-0001
Na (mg) 500 1027-0 625-0 758-4 673-3 266-8 462-0 <0-0001

RAE, retinol activity equivalents; ?, females; &, males.

*Source of food consumed was determined by combining vending machine and school lunch into one category and combining home and ‘other sources’ into

another category.
tDifferences assessed using a Wilcoxon signed rank test.
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Table 2 Proportion consuming adequate* micronutrient intakes at lunch by sex among grade 5 and 6 children (n 1980)

in elementary schools, Prince Edward Island, Canada

Total Male Female
Nutrient n % n % n % P valuet
Protein (g) 1349 68-3 670 68-4 679 68-1 0-8737
Fe (mg) 1506 76-2 775 79-2 731 73-3 0-0023
Mg (mg) 838 42-3 418 42-7 420 421 0-7976
Zn (mg) 818 41-3 412 421 406 40-7 0-5390
Vitamin A (RAE) 812 41-5 338 34-5 474 47-5 <0-0001
Vitamin C (mg) 897 45-4 443 45-3 454 45-5 0-8983
Thiamin (mg) 1522 771 776 79-3 746 74-8 0-0190
Riboflavin (mg) 1565 79-2 793 81-0 772 77-4 0-0507
Niacin (mg) 1706 86-3 865 88-4 841 84-4 0-0096
Vitamin Bg (mg) 822 41-5 409 41-8 413 41-4 0-8735
Vitamin B12 (ng) 1299 65-7 678 69-3 621 62-3 0-0011
Folate (n.g) 1066 53-8 550 56-2 516 51-8 0-0485

RAE, retinol activity equivalents.

*Adequacy is defined as one-third of the Dietary Reference Intake (i.e. the Estimated Average Requirement, EAR) for each nutrient.

tDifferences were assessed using x? tests of association.

vitamin By, and folate (Table 2). The adequacy of some
micronutrients differed according to gender. A higher num-
ber of boys consumed adequate amounts of Fe, thiamin,
riboflavin, niacin, vitamin B, and folate, while more girls
consumed adequate amounts of vitamin A (Table 2).

Only one-third of all foods consumed at lunch were
from school (school foods) such that total nutrient intakes
from foods brought from home (home foods) were
higher than those from school food. Median intakes of all
micro- and macronutrients were significantly higher in
home foods than in those purchased at school. However,
the nutrient densities of school foods, which were calcu-
lated to standardize values from the two sources, were
significantly higher for protein, fat, sugar, Ca, Mg, K, Zn,
vitamin A, vitamin D, riboflavin, niacin, vitamin Bg and
vitamin B, than the nutrient densities of foods from home
(Table 3). In contrast, the nutrient densities for carbohy-
drates, fibre, Fe, vitamin C, folate and Na were significantly
higher in home foods compared with school foods.

There were no significant differences between the
nutrient density of intakes for boys and girls for food
items purchased from school. However, girls reported
home-packed lunches with higher nutrient densities of
carbohydrates, fibre, K, vitamin A and vitamin C than
boys (data not shown).

Discussion

The present study is the first one in Canada to evaluate
the dietary quality of lunchtime foods consumed by
elementary-school students that considers the source of the
food (home v. school). Foods served at school were found
to be of a higher nutritional quality than those brought from
home, which is consistent with past reports(lo’”‘zs_m .
A meta-analysis comparing British school meals and packed
lunches also concluded that the nutritional quality of

https://doi.org/10.1017/51368980012000699 Published online by Cambridge University Press

Table 3 Comparison of mean nutrient density* of total food
consumed at lunchtime by source among grade 5 and 6 children
(n 1980) in elementary schools, Prince Edward Island, Canada

School Home
Nutrient Mean sD Mean SD P valuet
Protein (g) 44-4 16-6 30-9 20-4 <0-0001
Fat (g) 35-5 115 311 14-6 <0-0001
Carbohydrates (g) 126-8 378 152-8 44-2  <0-0001
Sugar (g) 84-5 52-3 68-5 53-3 <0-0001
Fibre (g) 5-6 4-8 91 7-4 <0-0001
Fe (mg) 4.3 31 6-8 37 <0-0001
Ca (mg) 1203-8 741-8 375-0 2932 <0-0001
Mg (mg) 156-2 56-1 114.2 64-0 <0-0001
K (mg) 20120 9484 11795 809-0 <0-0001
Zn (mg) 57 24 3-6 2:6 <0-0001
Vitamin A (RAE) 6112 980-7 1977 876-0 <0-0001
Vitamin D (pg) 95 77 0-78 2:13 <0-0001
Vitamin C (mg) 44-5 1352 926 162:3 <0-0001
Thiamin (mg) 0-72 0-37 0-76 0-47 <0-0001
Riboflavin (mg) 1-94 1-10 0-80 0-49 <0-0110
Niacin (mg) 141 5-9 135 10-0 <0-0150
Vitamin Bg (mg) 0-62 0-39 0-56 0-46 <0-0001
Vitamin B, (ng) 4-20 3-00 1-11 1-95 <0-0001
Folate (.g) 1345 124-6 199-5 143-3 <0-0001
Na (mg) 1473-1  1503-7 2020-8 1648-5 <0-0001

RAE, retinol activity equivalents.

*Nutrient density is defined as the nutrient content in grams divided by the
total energy content expressed in kJ (kcal) multiplied by 4184 (1000)®.
tDifferences were assessed using a Wilcoxon signed rank test.

packed lunches was poor compared with children’s school
meals"'". The overall diet quality of children’s lunches was
low, with median intakes of Mg, K, Zn, vitamins A, D, C, Bg,
folate and fibre falling below recommended levels. The very
high Na intakes are a significant concern and likely reflect
the frequent inclusion of processed foods (e.g. cracker/
cheese/meat combination packs); analysis of food group
intakes is included in a separate report. The poor nutritional
quality of children’s lunchtime intakes likely reflects the
frequent inclusion of low-nutrient-dense foods in the
packed lunches since two-thirds of student lunchtime food
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and beverage intakes came from home sources. This in turn
may reflect, in part, the small scale and ad boc nature of
school lunch programmes in PEI and the lack of a national
school meal programme.

Nutrient densities of foods brought from home were
generally higher than those of foods purchased at school.
One striking finding was that intakes of Ca, vitamin A and
vitamin D were all higher in foods/beverages purchased
at school. This likely reflects higher milk intakes bought
at school, since all PEI elementary schools participate
in the PEI School Milk Program, and milk is most likely
to be purchased at school rather than brought from
home due to subsidized pricing®®. However, although all
schools offer a school milk programme, average partici-
pation rates are approximately 34 % of students which is
quite low. It is thus not surprising that children’s median
lunchtime intakes of Ca and vitamin D fell below the
current dietary recommendations in spite of the School
Milk Program being offered at all schools. Other studies
evaluating lunch food sources have also noted that Ca is
higher in school foods®?'"*”_ The nutritional quality of
children’s lunch items that are brought from home could
be improved significantly by including more food and
beverage items high in Ca such as yoghurt and cheese.

One limitation of the current study is that it included
food intake data from only one meal within a single day’s
intake, and thus may not reflect children’s usual intakes® .
Nevertheless, this recording period was selected in order to
minimize demands placed on schools and students parti-
cipating, thereby gaining the cooperation and compliance
of schools. It is also important to note that there is less
variety in lunchtime menus offered at schools in PEI, which
decreases the need for multiple days of recording. We
minimized the amount of time between consumption and
the assessment in order to enhance children’s ability to
accurately recall details of their lunchtime food and bev-
erage intakes and increase the validity of the assessment'*”.
Other sources of error, including those associated with the
estimation of portion size and children’s desire to provide
socially desirable responses®”, were minimized through
training of research assistants and quality control proce-
dures during coding and data entry. The small but sig-
nificant differences according to the day that intakes were
recorded may have resulted in a slight overestimation of
inadequacy in this sample. Dietary adequacy was deter-
mined by comparing median nutrient intakes at lunch with
one-third of the RDA — standards used both in the USA and
Canada to assess overall dietary adequacy®”. While we
recognize that these standards were not meant to be used
to evaluate a single meal, there were no other standards
available that could be used to assess the dietary quality of
the lunchtime food intakes. Furthermore, the EAR is also
used to set nutrient standards in the USA for its national
school lunch programme®®?.

The entire grade 5 and 6 student population from all
PEI English-language elementary schools was invited to
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participate in the present study; approximately two-thirds
completed the study. Given our 60% response rate,
findings may be generalized to English grade 5 and
6 students in PEI.

Conclusions

The present study examined the nutritional composition
of children’s school lunches and compared the quality of
foods purchased at school with those brought from
home. The overall nutritional quality of lunches was poor,
regardless of source.

Lunch food items purchased at school were generally
higher in nutrient density than lunch food items brought
from home. Of particular concern in the present study
was the difference between the home and school lunch
items in regard to Ca and vitamin D. Lunch items purchased
at school were significantly higher in both Ca and vitamin D
than lunch items from home, likely reflecting the fact that
all PEI elementary schools offer a subsidized school milk
programme. However, the Ca and vitamin D composition
of children’s school lunches remains low, suggesting that
children are not benefiting sufficiently from the milk pro-
gramme. This finding suggests that one strategy to increase
children’s low Ca intakes could involve increased promo-
tion of school milk programmes in an attempt to increase
participation rates.

A second significant concern pertains to the very high
Na content of the children’s lunches, particularly in foods
brought from home. Since approximately two-thirds of
the foods in children’s lunches were brought from home
in the present study and these were lower in nutritional
quality and higher in Na than foods offered at school,
improving the dietary habits of school-aged children will
require a collaborative effort from multiple stakeholders,
with a particular focus on parents.
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