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Abstract
Background: Fruits and vegetables are important to health but
the majority of Canadian children are not consuming enough of
them. The provision of free fruit and vegetables at school over
a school year significantly increases fruit and vegetable intake
but the costs may prohibit adoption or sustained
implementation of this approach. To address the issue of cost
we evaluated the impact of a minimal dose free school fruit and
vegetable snack intervention (4 months of intervention, 14
servings, 2 times/week every second week).
Methods: We used a pre-post quasi-experimental design with
matched comparison schools. Ten schools that were registered
to begin receiving the British Columbia School Fruit and
Vegetable Nutrition Program during the winter term and weren’t
participating in any other healthy eating initiative were
compared to 10 usual practice schools matched by geographic
area. Fruit and vegetable intake was assessed using validated
24-hour recall and food frequency questionnaire, self-efficacy
using a validated fruit and vegetable efficacy instrument and
knowledge using program specific questions. A mixed effect
ANCOVA with a fixed effect for group and a random effect for
school nested within group was used to analyse changes over
time.
Results: Children were below Canadian guideline levels for
fruit and vegetable consumption. There were no significant
differences in fruit and vegetable consumption, knowledge or
self-efficacy between groups after four months of fruit and
vegetable delivery twice/week every second week (14 servings
of fruit).
Conclusion: Our results showed that 14 servings over 4
months were not enough to change fruit and vegetable
knowledge, self-efficacy or intake. Based on our results and the

Inadequate fruit and vegetable (FV) consumption has been
associated with cardiovascular disease, type 2 diabetes (indirectly),
hypertension, and cancer in adults [1-4]. Consumption during
childhood may also be independently associated with burden of
disease later in life as higher childhood vegetable intake has been
associated with reduced stroke risk [5]. Fruit and vegetable
consumption may also contribute to healthy weight trajectories by
decreasing caloric density and consequently total caloric intake [2,3].
Unfortunately Canadian research has demonstrated that young
Canadians are eating less than five servings of FV a day [6], a
substantive proportion of those eating less than three [7], while the
current Canadian guideline for 9-13 year olds is six servings/day [8].
Further compounding the issue is the evidence that lifestyle (including
eating behaviors) may track from childhood through to adulthood
[9-14]. Thus, increasing inadequate fruit and vegetable consumption
during childhood may contribute to addressing escalating obesity and
the development of chronic diseases across the lifespan [15-17].
Many interventions aimed at increasing fruit and vegetable
consumption have been implemented in the school setting because
schools provide equitable access and high levels of contact over time to
promote health and well-being [18,19]. Free school fruit and vegetable
snack interventions specifically may further reduce health inequalities
by providing FV to children from low socioeconomic backgrounds.
For instance, the Norwegian school fruit and vegetable scheme
compared providing free FV to providing subsidized FV and found
that the free scheme was taken up by all groups and the subsidized
scheme was mainly taken up by those from a higher socioeconomic
bracket [20]. In the free scheme differences in fruit and vegetable
consumption between children across socioeconomic groups were
reduced and sustained three years after the program [20,21].
Systematic reviews have shown that school fruit and vegetable
interventions have a positive effect on fruit and vegetable
consumption, although findings vary and effect sizes remain modest
[19,22-26]. For instance ten of the fifteen (67%) school-based fruit and
vegetable interventions reviewed by Knai et al. significantly increased
fruit and vegetable FV consumption with the increase ranging from +.
3 - +.99 servings/day [19].
As evidence of the links between consumption and accessibility,
availability and tasting experiences/exposures emerged in the literature
[27-31] a more ‘environmental approach’ to school-based
interventions was adopted whereby fruit and vegetable snacks were
provided to students. We identified 13 studies (Table 1) that had
provided children with fruit or FV during school hours; 12 provided
these for free (one for part of the intervention period) [20,32-43].
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Author

Year

Location

Study
Design

Sample

Measure

Intervention
components

Type
and
frequency of dose,
duration,
and
approx. # of doses

Change in fruit and veg
consumption (servings
or pieces per day)

2007

UK

- Quasiexperimen
tal
Controlled
for school,
class and
student

- 3,703
- Grades k-2
49
intervention
schools
(n=2,045)
– 43 control
schools
(n=1,648)
Active
consent

- 24 hour
recall
- Completed
by parents

- FV distribution
Classroom
lessons
- Games
Parental
education

- 1 piece of fruit or
veg per school day

- After 3 months in the
intervention
group:
kindergarten students
increased 0.5 (0.3 to
0.7), year 1 students
increased 0.7 (0.3 to
1.0), and year 2
students increased 0.5
(0.2 to 0.9).
- After 7 months in the
intervention
group:
kindergarten students
fell to 0.2 (0 to 0.4),
year 1 students fell to
0.2 (-0.2 to 0.6), and
year 2 students fell to
-0.2 (-0.5 to 0.2)
- 95% CI

- 24 hour
recall
- FFQ
- Completed
by parents

- FV distribution
or
Classroom
curriculum
Parental
involvement

- 1 piece of fruit,
fruit juice or veg
per school day

Both
programs
increased fruit by 0.2
including weekend days

- 8 months
- Approx. 140

- p <0.001

Survey
including 2
questions on
frequency of
fruit
- Completed
by parents

- Fruit distribution

- 1 piece of fruit
per school day
- 1 year

- Intervention students
significantly
greater
(4.7 per week) than the
control group

Free Interventions
Ransley et al. [33]

- 9 months
- Approx. 175

78%
response rate

Reinhaerts et al. [32]

2007

Netherlands

- Quasiexperimen
tal
Controlled
for school,
class and
individual

- 939
- Grades prek-6
6
intervention
schools;
3
multicompon
ent; 3 F&V
distribution
only
- 6 control
schools
Active
consent
54%
response rate

Fogarty et al. [34]

2007

UK

Prospectiv
e cohort
Controlled
for school

- 2003: 108
intervention
schools
(n=4,984),
116 control
schools
(n=5,576)
- 2004: 107
intervention
schools
(n=4,676),
113 control
schools
(n=5,428)
- 2005: 91
intervention
schools
(n=4,003),
88
control
schools
(n=4,383)
- Grades k-2
Passive
consent

- Approx. 180

- p <.0.001
- Intervention students
fell below the control
group after intervention
(-2.0 per week)
- p=0.02

- Response
rates; 2003:
53%, 2004:
51%, 2005:
40%
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Tak et al. [35]

2007

Netherlands

- Quasiexperimen
tal
Controlled
for school
and class

- 565 Dutch
students: 232
intervention,
333 control
- 388 nonwestern
students: 268
intervention,
120 control
- Grade 4
Passive
consent

- FFQ
Included
questions on
preference,
knowledge
and
availability
Adapted
versions
completed by
parents and
students

- FV distribution
Optional
educational
component

- 1 piece of fruit or
veg twice a week

- 24
recall

- FV distribution

- 1 piece of fruit or
veg per school day
- Approx. 2 years

- 1 year
- Approx. 88

70%
response rate
Wells et al. [36]

2005

England

Prospectiv
e cohort

- 2,980
8
intervention
schools
- 9 control
schools
-Grades k-5
Passive
consent

hour

- FFQ
- Completed
by parents

- Approx. 340

- Intervention children
of
non-Western
ethnicity
reported
signiﬁcantly
higher
20.7 g (7.6–33.7) veg
intake (equals approx.
0.17 servings*)
- Intervention children
of Dutch ethnicity
reported significantly
higher fruit intake 0.23
(0.07–0.39)
- 95% CI

- Intake significantly
increased by 50 g a day
(approx. 0.4 servings*)
in infants (grades k-2)
but not maintained on
when evaluated as
juniors (grades 3-5)

51%
response rate
Schneider et al. [37]

2006

United States

Nonexperimen
tal
pretest/posttest

- 660
- 5 schools
-Grades 5, 8,
and 10
Active
consent

- 24 hour
recall
interview by
trained
dieticians /
nutritionists

91%
response
rates

Survey
(attitudes,
preferences,
intentions,
etc.)

- FV distribution
Educational
component

- 1 piece of fruit or
veg per school day
- 1 year
- Approx. 180

- 8th and 10th grade
students fruit increased
significantly by 0.34
and 0.61
- p<0.01
- Consumption of veg
in school decreased but
no change in overall
consumption
- p=0.05

- Completed
by students
Davis et al. [38]

2009

United States

- Quasiexperimen
tal

- 8,300
1
intervention
school
(n=4,800)
- 1 control
school
(n=3,500)
Grades
9-12
Passive
consent
35%
response rate

Survey
including 7
food
frequency
questions
- Completed
by students

- FV distribution

- 1 piece of fruit or
veg per school day
- 3 semesters
- Approx. 270

- Compared to the
control group more
intervention
students
consumed fruit and
100% fruit juice at least
two times per day
(39.3% vs 27.3%)
- More intervention
students
consumed
fruit, juice, and veg
(22% vs 18.4%) ﬁve or
more times in the past
7days
- p< 0.05

Bartlett et al. [39]

2013

United States

- Quasiexperimen
tal
Controlled
for school
and
individual

- 4,696
–
115
intervention
schools
(n=2,471)
- 99 control
schools
(n=2,225)
- Grades k-8
Active
consent

- 24 hour
recall
interviews by
trained
interviewers
- Attitudinal
survey
- Completed
by students

- FV distribution
- 93% of schools
also
included
nutrition
education
or
promotion
that
varied by school
and grade

- Fresh and dried
fruit and veg
- 3-5 times per
week

Increased
consumption
among
intervention students by
0.32 cup (Approx. 0.64
servings*)
- Primarily fruits (0.26
cups; Approx. 0.52
servings*) over veg
(0.06 cups; Approx.
0.12 servings*)
- p<0.001

- Legislated to all
eligible
US
schools since 2008
- Data collected in
the
2010-2011
school year
- Approx. 144

80%
response rate
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He et al. [40]

2009

Canada

- Cluster
RCT
Controlled
for school

- 1,277
Intervention
1: 9 schools
(n= 400)
Intervention
2: 9 schools
(n=470)
- Control: 8
schools
(n=407)
- Grades 5-8;
26 schools
Active
consent

- 24 hour
recall
Survey
(knowledge,
preferences,
awareness,
etc.)
- Completed
by students

- Intervention I:
FV
distribution
and
Enhanced
Nutrition
Education
- Intervention 2:
FV distribution

- 1 piece of fruit or
veg 3 times per
week.
- 21 weeks
- Approx. 63

than control by 0.49
servings per day
- p<0.05

- 24 hour
recall
- Completed
by students

- Fruit distribution

- 1 piece of fruit
per school day
- 10 weeks

- Intervention group
increased school fruit
by 0.39

- Approx. 50

pieces/day
- Fruit intakes fell
below baseline levels 6
weeks post-intervention
- p<0.001

- 24
recall

FV
distribution

- Intervention I students
consumed more fruit
and veg at school

57%
response rate
Ashfield-Watt et al.
[41]

2009

New Zealand

- ClusterRCT
Controlled
for school

- 2,032
10
intervention
schools
(n=1,035)
- 10 control
schools
(n=997)
- Grades 1-4
Active
consent
55%
response rate

Interventions with paid components
Bere et al. [20]

2005

Norway

- Cluster
RCT
Controlled
for school

- 795
- Grade 7
- 9 schools
received free
fruit
-9
schools
had paid fruit
option
- 20 control
schools

hour

- FFQ
- Completed
by students

- 1 fruit or
carrot
per
school day
- 9 months
- Approx. 165
doses

- Free fruit group had sig.
higher in school fruit
consumption (1.1) compared
to the paid fruit (0.4) and no
fruit (0.2) groups
- p <.001

Active
consent
72%
response rate
Te Velde et al. [43]

2008

Norway, The
Netherlands
and Spain

- Cluster
RCT
Controlled
for school
and
individual

- 1,472
32
Intervention
schools
(n=798)
- 30 control
schools
(n=674)
-Grades 5-6
Active
Consent
70%
response rate
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- 24 hour
recall
- FFQ
- Completed
by students

FV
distribution for
free,
by
subscription or
as
part
of
school meals
Classroom
curriculum
Family
education
component
Optional
community
engagement
component
- Norway: paid
subscription by
parents
- Netherlands:
free FV
- Spain: free FV
for
first
2

Norway:
subscription
students receive
1 piece of fruit
or veg per
school day
- Netherlands: 1
piece of fruit or
veg twice per
week
- Spain: 1 piece
of fruit or veg
1-4 days per
week for the
first
two
months
of
intervention
- 1 year
- # of doses
varied

- Intervention group 56.9 g/d
(Approx. 0.46 servings*)
greater intake of fruit and
veg than the control group at
first follow-up
- At second follow-up
intervention effect was only
signiﬁcant
in
Norway
(intervention group 91.5 g/d
(Approx. 0.73 servings*)
greater intake of fruit and
veg)
- In Spain and Netherlands
the intervention effect on
total fruit and veg intake
decreased at second followup
- p<0.05
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months
of
intervention
then
students
encouraged to
bring their own
from home
Eriksen et al. [42]

2003

Denmark

- Quasiexperimen
tal

- 1,493
4
intervention
schools
(n=804)
- 3 control
schools
(n=689)
- Grades k-3
Passive
consent
31%
response rate

- 24 hour
recall
- FFQ
Parent
completed

FV
distribution by
subscription
- Parents paid a
subscription
price of 180
DKK/4 months,
(approximately
0.3

Subscribers
received 1 piece
of fruit or veg
per school day
- 5 weeks
- Approx. 25

Intervention
schools
subscribers saw 0.4 increase
in fruit intake
- p=0.019
- At intervention schools
non- subscribers saw 0.3
increase in fruit intake
- p=0.008

Euro at the time
of the study)
45%
of
students
at
intervention
schools
subscribed

Abbreviations: FV: Fruit and Vegetables, Veg: Vegetables, Approx.: Approximately, FFQ: Food Frequency Questionnaire
* Based on the Canadian Food Guide’s serving size of 125mL of fruits and vegetables (http://www.hc-sc.gc.ca/fn-an/food-guide-aliment/choose-choix/fruit/serving-portion-eng.php)

Table 1: Summary of fruit and vegetable snack intervention studies
Nine of the studies found significant increases at, or near half, a
portion of FV a day [20,33,34,36,37,39,40,42,43]. Two found smaller
significant increases of around one third of a FV portion per day
[35,41] and a study from the Netherlands found that a free fruit or
vegetable scheme and a multi-component program including free
fruits or vegetables both significantly increased fruit or vegetable
consumption by 0.20 portions per day [32]. A final study we reviewed
did not report fruit and vegetable intake in portions but found
significantly more (18.2%) intervention students reported eating fruit
at least once a day compared to control group students [38]. In short,
there was consistent evidence of the positive impact, albeit variable
effect sizes, of school fruit and vegetable snack interventions.
Some of the variability in the size of effects may arise from
methodological differences across studies including design,
measurement and the level of implementation or intervention dose (a
combination of frequency and length of contact and intervention
duration) [44]. Seven studies used randomized designs
[20,32-34,40,41,43] and only seven controlled for the independent
influence of cluster [20,32-35,41]. In terms of measurement, ten
studies used a 24-hour recall to assess fruit and vegetable intake, eight
used a range of food frequency questions and five used both (two
studies employed trained personnel to conduct 24 hour recalls).
Further, five used parent report of student intakes; seven used student
report; and one both. Intake assessment ranged from multiple
questionnaires [20,32,36,42,43] to a modest two questions about fruit
intake only[34].
In looking more closely at the level of implementation or dose used
in the 13 studies, nine provided daily fruits or vegetables
[20,32-34,36-38,41,42] and four provided fruits or vegetables less than
five times per week while maintaining statistically significant increases
in fruit or vegetable consumption compared to comparison groups
[35,39,40,43]. A study by Tak et al. used the most modest frequency.
They provided fruits or vegetables twice a week over one school year

Volume 3 • Issue 4 • 1000147

and found an average difference of .23 pieces of fruit and
approximately .17 servings of vegetables per day between the
intervention group and comparison groups [35]. The only published
Canadian study to date [40] served one piece of fruit or vegetable three
times a week for 21 weeks. They found that the intervention group
consumed 0.49 of a serving/day (p<0.05) more vegetables while at
school than the comparison group. A study by Eriksen et al. applied
the lowest total dose (n=25 deliveries) with FV provided at the highest
frequency (daily) but for a shorter duration (five weeks). They found
an average increase of 0.4 servings of fruit per school day in their
intervention group [42]. To date programs have evaluated the impact
of interventions varying from five weeks to two school years in
duration and with a frequency of provision from two to five times per
week. Fruit and vegetable snack programs provided a total dose
ranging from a minimum of 25 to a maximum of 340 deliveries.
Despite the variability in the interventions and findings, the weight
of the evidence suggests that adopting fruit and vegetable snack
programs leads to modest increases in intake that could have
population health benefits. However, encouraging state, local, school
district, or school level adoption and implementation of these types of
initiatives may rely not only on evidence of effectiveness but more
pragmatic information about cost which is directly affected by the dose
of intervention needed to achieve meaningful change in addition to
other factors such as supply, distribution mechanisms and geography.
The cost or the cost-effectiveness of FV programs has not been
addressed in the literature to date however, lower dose, less complex
interventions are less costly (both in terms of time and financial
resources) and thus theoretically are more conducive to adoption and
implementation in the school system [45,46]. Thus there was a need to
explore more minimal dose interventions and the British Columbia
(BC) School Fruit and Vegetable Nutrition Program (SFVNP)
provided us with the opportunity to do this.
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Based upon the consistent evidence from other jurisdictions and the
promising results of a school fruit and vegetable snack pilot project
[47], three BC government Ministries (Health, Education, Agriculture)
came together with industry and non-government stakeholders to
scale up the school fruit and vegetable program across the whole
province [47]. To deal with issues of cost, supply and distribution the
scale-able model provided local fruit and vegetable snacks to schools
twice/week every second week. Schools applied for one of two intake
periods, fall or winter and the winter term intake of new schools
during the 4th year of scale-up afforded us with the opportunity to
study the impact of this lower dose intervention over one term.
We aimed to study the impact of a short-term delivery cycle (14
servings of produce; 7 varieties; approximately half of the SFVNP total
dose of 32/school year) on the fruit and vegetable consumption,
knowledge and self-efficacy [48] of older elementary school children in
BC (Grades 5 and 6). We hypothesized that there would be positive
changes in all of these variables as a result of the intervention.

Materials and Methods
Intervention
The BC School Fruit and Vegetable Nutrition program had a
number of features: 1) FV were delivered twice a week every two
weeks, 2) a focus on providing locally grown (BC) produce, 3)
facilitation by volunteer parents rather than school staff and 4)
information for teachers to display and teach about local FV with
associated information post cards to send home to parents (voluntary).
The program is currently in its seventh year of scale-up and 1439
schools (82% of K-12 schools) and over 525,000 students are receiving
products annually (http://sfvnp.ca/the-story.php). Just over 6.9 million
servings of fruit produced by 637 BC growers were delivered to BC
schools in the 2012-2013 school year [47].

Research design and sample
We used a pre-post quasi-experimental design with matched
comparison schools. As a natural experiment, our study team was not
in control of the intervention nor which schools received the
intervention [49]. The study was approved by the Human Research
Ethics and Behavioral Research Ethics Boards at the Universities of
Victoria (#08-05-149g) and British Columbia, respectively.
Intervention schools (n=33) were randomly selected and recruited
by our research team (by phone and faxed information package) from
a pool of schools (n=82) that met the inclusion criteria of a) being
situated in one of 16 consenting Districts, b) being registered to begin
receiving the SFVNP produce during the winter term and c) not
currently participating in any other health initiative (e.g. Action
Schools! BC Healthy Eating [50] or Healthy Buddies [51]. We
randomly selected 44 comparison schools from of pool of schools
(n=298) that were a) located in the same School Districts (matched
geographically, and b) not registered to participate and never having
participated in the past in SFVNP or any other current health
promotion initiative. Following recruitment efforts, 30% of the
randomly selected SFVNP schools (10/33) and 28% of the comparison
schools agreed to participate (10/44).
After a school agreed to participate in the study, Grade 5 and 6
teachers were asked to send home an informed consent package. The
signed consent was returned to the school by the student in a sealed
envelope and collected by the research team. This yielded a sample of
Volume 3 • Issue 4 • 1000147

773 consented Grade 5 and 6 children (10 - 12 years old), representing
a 51% response rate; 61% in SFVNP schools and 41% in comparison
schools.

Procedures
Data was collected from consenting students at baseline and followup by scheduling the class in the school’s computer lab. After baseline
data collection, all children in the intervention schools began receiving
deliveries from the SFVNP from February through May (4 months) at
a frequency of two servings/week every second week; equalling a total
of 14 servings. The control group carried on with usual practice.

Measurement
Descriptives
We asked children about their gender and date of birth and
calculated their age in years. We also assessed socioeconomic status by
having them complete a previously validated Family Affluence Scale
[52]. The affluence score (range 0-9) is computed from four questions
that the children answer about family car ownership, holidays,
household computers and bedrooms. For the purpose of this analysis
(adjusting the model for this confounder) affluence was dichotomized
to high (total score above 5) and low (total score 5 or lower).
Children’s fruit and vegetable consumption
We assessed children’s fruit and vegetable consumption before and
after the intervention using two strategies that have been described in
detail previously [53]. In short, children completed a validated and
reliable web-based 24-hour food recall [54] about their food and
beverage intake from the previous day and the Harvard Food
Frequency Questionnaire for Children (FFQ-C) [55,56] to collect
information from them about their consumption patterns over the last
seven days. We focused on FV (together and separately) but also
collected descriptive data about consumption of foods across the other
main food groups and about the ‘other food’ category (which consists
primarily of high-fat or high-sugar foods that are not considered to fall
within the four main food groups).
Children’s knowledge and self-efficacy
To assess change in student knowledge of fruits and vegetables we
asked children to indicate the FV (from a fixed list) that they knew
were grown in BC (15 types) and not grown in BC (5 types) with the
number of correct responses representing their score and higher scores
representing more knowledge. To measure change in FV self-efficacy
we used a psychosocial questionnaire adapted from the Gimme 5
study [57] that asked children about their level of agreement (on a 5
point likert scale) with 24 different efficacy statements (e.g. “For lunch
at school, I think I can eat a vegetable that’s served” or “…eat carrot or
celery sticks instead of chips”). Higher total scores (possible range
from 24-120) represented higher self-efficacy

Statistical Analysis
Our statistical analyses were focused on the detection of
intervention effects at follow-up for the following outcomes: (1) fruit
and vegetable consumption a) during the previous 24 hours (also
examining fruit only and vegetable only) and b) consumption during a
typical week, (2) knowledge of produce grown and not grown in BC,
(3) fruit and vegetable self-efficacy. Fruit and vegetables were
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measured in servings/day for the 24-hour recall and in servings/week
for the FFQ-C.
All statistical analyses relied on a Linear Mixed Effects Modeling
framework in order to examine the intervention effects associated with
the outcomes of interest at follow-up. We fitted four types of linear
mixed effects models to the data for each of the outcomes. All four
models included a fixed effect for group, which helped contrast the
intervention and comparison groups, as well as a random effect for
school nested within group. Furthermore, all models utilized the
baseline value of the outcome as a covariate. The first and primary
model did not include any additional covariates beside the baseline
value of the outcome. The second model included one additional
covariate, the change in calorie consumption between baseline and
follow-up. The third model added another covariate – gender. The
fourth model included all of the following covariates: calorie
consumption, affluence level, total fruit and vegetable self-efficacy
score and gender. All of the covariates were assumed to have fixed
effects. We fitted only the first three types of linear mixed effects
models described above to the data for the self-efficacy outcome
because it was one of the covariates in the fourth model. For each of
the four types of linear mixed effects models, the intervention effect
was expressed as a difference in adjusted outcome means between the
intervention and comparison groups, with the adjustment scheme
being specific to each model and outcome.

There were no significant group differences in consumption of FV or
total calories at baseline regardless of the statistical adjustment
scheme. The intervention group had a significantly higher knowledge
of FV grown in BC score (adjusted mean difference = .77, SE=.03, p=.
02) and consumed more servings from the ‘other’ category at baseline
when adjusting for clustering (Table 2). All further analyses were
adjusted for baseline values.
Outcome (24-hour recall)

Baseline

Follow-up

SFVNP

Control

SFVNP

Control

Number of students

371

297

343

257

Mean

3.9

3.7

3.8

3.8

Median

3.2

3.0

3.4

3.1

Standard Deviation

3.2

3.5

2.9

3.0

Number of students

371

297

343

257

Mean

6.5

6.2

6.3

6.8

Median

6.0

5.6

5.8

6.5

Standard Deviation

3.8

3.4

3.5

3.3

Number of students

371

297

343

257

Mean

2.5

2.4

2.3

2.6

Median

2.0

1.9

2.0

2.3

Standard Deviation

1.7

2.0

1.6

1.9

Number of students

371

297

343

257

Mean

1.7

2.1

1.9

2.2

Median

1.3

1.8

2.0

2.3

Standard Deviation

1.6

1.8

1.6

1.9

Number of students

371

297

343

257

Mean

3.9*

2.9*

3.4

3.3

Median

3.0

2.0

2.8

2.5

Sample and baseline descriptive

Standard Deviation

3.8

3.1

3.1

3.9

Six hundred and sixty-eight children (86% of consented children;
mean age = 11.6, range 10.3 - 12.5 years old; 355 Girls; 312 Boys;
Missing = 1) were present at school on the day of baseline data
collection. Descriptive summaries of the baseline and follow-up levels
of food group servings are shown in Table 2.

Calories (kCal)
Number of students

371

297

343

257

Mean

1963.4

1833.4

2005.2

1933.6

Median

1825.9

1670.7

1891.1

1857.7

Standard Deviation

954.3

885.7

976.6

871.9

The analyses pursued here, commonly referred to in the literature
as mixed effect ANCOVA, are considered a gold standard in research
where randomization is by school and measurement is at the level of
the individual [58]. The formal statistical analyses described above
were supplemented by descriptive statistics of the distributions of the
outcomes at interest at baseline and follow-up separately for the
intervention group and comparison group, as well as for both groups
combined.
We conducted all of our analyses on the complete case data and
performed a sensitivity analysis on the data for which the missing
values were imputed in order to evaluate the reliability of our findings.
The imputation of the missing data relied on the last observation
carried forward approach and could only be performed for cases
where the baseline value of a given outcome was available. For all
statistical analyses, we set significance at p<.05.
We conducted all statistical analyses using the statistical software
package R [59]. More specifically, we used the lme() function available
through the R package nlme. The primary focus of the analysis was
fruit and vegetable consumption but we described intake from other
food groups at baseline.

Results

Children in this study were not consuming the amount of FV or
dairy products recommended by the Canadian Food Guide [8] for
their age group at baseline. However, the average intake for grain
products and meat and alternatives at baseline was within guidelines.
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Vegetables and fruit servings/day

Grain products servings/day

Milk and alternatives servings/day

Meat and alternatives servings/day

Other servings/day
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Note 1: The discrepancy in number of students across time points for the same item is
due to missing data, Note 2: The discrepancy in number of students across items for
the same time point is due to missing data, Note 3: * Adjusted mean difference =
1.04, SE=.36, p=.01, Note 4. Serving sizes from Canada’s Food Guide
recommendation for boys and girls 9-13 [8]

Table 2: Descriptive statistics for food group servings of British
Columbia school children in grades five and six that participated in the
BC School Fruit and Vegetable Nutritional Program Evaluation,
collected by self-report 24-hour recall at baseline and follow-up in the
intervention and control groups.
The intervention effects for the primary outcomes of interest after
adjustment for baseline levels and school are displayed in Table 3 and
specific analyses are highlighted in the following paragraphs.
Outcome

Intervention

Control

Group

Group

Fruit servings/day (24-hour recall)

Number of schools

10

9

Number of students

424

242

Adjusted mean (SE)

8.93 (0.19)

8.70 (0.24)

Difference in adjusted means
(SE)

0.24 (0.30)

P-value

0.443

Knowledge of produce not grown in BC (score/5)
Number of schools

10

9

Number of students

424

241

Adjusted mean (SE)

3.86 (0.07)

4.04 (0.08)

Difference in adjusted means
(SE)

-0.18 (0.11)

P-value

0.106

Number of schools

9

9

Fruit and vegetable self-efficacy (score/120)

Number of students

340

243

Number of schools

10

9

Adjusted mean (SE)

2.28 (0.12)

2.37 (0.15)

Number of students

375

225

Difference in adjusted means
(SE)

-0.09 (0.19)

Adjusted mean (SE)

95.34 (0.80)

94.88 (1.04)

0.646

Difference in adjusted means
(SE)

0.46 (1.31)

P-value

P-value

0.729

Vegetable servings/day (24-hour recall)
Number of schools

9

9

Number of students

340

244

Adjusted mean (SE)

1.50 (0.13)

1.38 (0.14)

Difference in adjusted means
(SE)

0.12 (0.19)

P-value

0.532

Fruit and vegetable servings/day (24-hour recall)
Number of schools

9

9

Number of students

340

245

Adjusted mean (SE)

3.75 (0.16)

3.77 (0.18)

Difference in adjusted means
(SE)

-0.02 (0.24)

P-value

0.935

Typical fruit and vegetable servings/week (24-hour recall)
Number of schools

10

8

Number of students

428

206

Adjusted mean (SE)

4.60 (0.20)

4.43 (0.26)

Difference in adjusted means
(SE)

0.18 (0.33)

P-value

0.600

Knowledge of produce grown in BC (score/15)
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Note 1: The discrepancy in number of schools and/or students across instruments is
due to 24-hr recall website connection problems in one school, absences and missing
data

Table 3: Results of mixed linear effects modeling for select study
outcomes based on the analysis of complete data adjusted for school
and baseline values. Results include adjusted mean outcome values
predicted via mixed linear effects modeling for intervention and
control groups, the estimated intervention effect and the p-value for
testing the statistical significance of the intervention effect. All
reported adjusted means and differences in adjusted means are
accompanied by standard errors.

Children’s Fruit and Vegetable Consumption
In analyzing fruit and vegetable consumption data after adjustment
for school and baseline fruit and vegetable consumption, we found no
significant difference at follow-up between the intervention and
comparison groups in terms of average consumption of FV in the past
24 hours (Table 3). The analysis of the imputed data also showed no
significant intervention effect. Additional analyses using the different
adjustment schemes also failed to reveal any significant intervention
effects for both complete case data and imputed data (results not
shown). There were also no significant intervention effects found at
follow-up for typical fruit and vegetable consumption (FFQ data)
regardless of adjustment scheme.
We also found no significant intervention effect at follow-up for
fruit consumption alone or vegetable consumption alone as captured
by the 24-hour recall after adjusting for school and baseline fruit
consumption (Table 3). A secondary analysis performed using the
imputed data also showed no intervention effect and there were no
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significant effects found for all other analyses or adjustment schemes
(results not shown).

Children’s Knowledge and Self-Efficacy
We found no significant intervention effect at follow-up for
knowledge of BC FV expressed as the number of correct responses to
items that were grown in BC (Table 3) or the number of correct
responses to items that were not grown in BC after adjusting for
school and baseline knowledge. These findings were consistent with
the imputed data analysis and regardless of adjustment scheme.
We found no significant intervention effect at follow-up for total
fruit and vegetable self-efficacy after adjusting for school and baseline
fruit consumption (Table 3). Cronbach’s alpha for this scale was .941
and .942 for baseline and follow-up respectively. The analysis of the
imputed data also found no significant intervention effect.

Discussion
There is a growing body of evidence from international
[20,32-39,41-43] and Canadian [40] studies that free school fruit and
vegetable snack schemes have a small but significant effect on
children’s fruit and vegetable consumption over the short term.
Experts have identified that there was a need to identify economically
feasible models for sustaining FV initiatives for children and
expanding their delivery to a broad population [60].
Considering the associated costs for these types of interventions, it
is important to determine what dose is necessary to achieve the desired
change in fruit and vegetable consumption. We had the opportunity to
test a minimum dose intervention as a sub-study within an existing
provincial school fruit and vegetable program. We implemented a
‘natural/real world’ comparison trial to determine if this ‘pared down’
intervention model (14 servings over 4 months) was efficacious.
We found no significant intervention effects for students’
consumption of FV as measured by 24 hour recall or food frequency
questionnaire, nor for knowledge of BC FV and fruit and vegetable
self-efficacy when adjusting for cluster and known confounders at
follow-up. Overall, these findings suggest that a lower dose of fruit and
vegetable intervention (less frequent delivery and less total servings)
didn’t have an impact.
The results differ from the majority of the literature on fruit and
vegetable schemes described earlier (Table 1). However, the BC
SFVNP represented a substantive reduction in dose over other
programs [14 servings versus a range from 25 -340 total servings] and
over the closest comparable lower dose efficacious intervention (25
servings) [42]. In addition, because distribution costs to scale-up a
program across a province spanning ~950,000 square kilometers
needed to be considered, the frequency of delivery (twice every second
week) was also lower than any other intervention (Table 1).
Alternatively, the BC SFVNP program did include providing some
educational information for teachers and parents about the locally
grown FV being served, which could be seen as increasing the dose in
terms of the intensity of the intervention. Unfortunately use of the
materials was not assessed.
Our results should be viewed in light of the known limitations of
collecting self-report dietary behavior from children that has been
consistently raised by other researchers [61,62]. We also conducted a
natural experiment where schools were already registered in the
program and although we attempted to recruit a random sample from
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each pool of schools the response rate at the school level was low. Thus
there may have been some systematic bias introduced that could have
influenced the results. We were also not able to differentiate between
in- and out-of-school fruit and vegetable consumption. The Northern
Ontario Fruit and Vegetable Scheme showed an impact on ‘in school’
consumption, but no impact on overall consumption [40]. On the
other hand the strengths of our study include: the statistical analysis
which adjusted for school-level effects, baseline differences and known
confounders; utilizing two methods of assessing dietary consumption;
and the naturalistic nature of the research design in that the
intervention was conducted in ‘willing’ schools where implementation
issues were less likely.
In light of low levels of fruit and vegetable consumption among
children [4,6]; their potential contribution to chronic disease
prevention [4]; international evidence of the efficacy of free school
fruit and vegetable interventions; and the importance of equitable
exposure and access for children; fruit and vegetable snack
interventions are a recommended component of a public health
strategy to improve children’s diet. However, it appears that the
number of servings and length of implementation matter. Our results
showed clearly that 14 servings over 4 months accompanied by
information for the teacher and parents was not effective.
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