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Abstract

Little is known about the mediating effects of the determinants of fruit and vegetable (FV) intake in school-based interventions that

promote FV intake, and few studies have examined the impact of the degree of implementation on the effects of an intervention. The pre-

sent study examined whether the degree of implementation of an intervention had an effect on children’s fruit or vegetable intake and

determined possible mediators of this effect. The study is part of the European PRO GREENS intervention study which aimed to develop

effective strategies to promote consumption of fruit and vegetables in schoolchildren across Europe. Data from 727 Finnish children aged

11 years were used. The baseline study was conducted in spring 2009 and the follow-up study 12 months later. The intervention was con-

ducted during the school year 2009–2010. The effects were examined using multilevel mediation analyses. A high degree of implemen-

tation of the intervention had an effect on children’s fruit intake. Knowledge of recommendations for FV intake and liking mediated the

association between a high degree of implementation of the intervention and an increase in the frequency of fruit intake. Knowledge of

recommendations for FV intake and bringing fruits to school as a snack mediated the association between a low degree of implementation

of the intervention and an increase in the frequency of fruit intake. Overall, the model accounted for 34 % of the variance in the change in

fruit intake frequency. Knowledge of recommendations acted as a mediator between the degree of implementation of the intervention and

the change in vegetable intake frequency. In conclusion, the degree of implementation had an effect on fruit intake, and thus in future

intervention studies the actual degree of implementation of interventions should be assessed when considering the effects of interventions.
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Increasing children’s fruit and vegetable (FV) intake is of

great importance in addressing the childhood obesity epi-

demic and preventing chronic diseases in adulthood(1,2).

School-based interventions to increase children’s FV intake

have so far had positive effects of varying magnitudes(3–6).

To plan and carry out successful school-based interventions,

it is vital to know what kind of interventions are effective

and why.

Multicomponent interventions are more effective than

single-component interventions in which free fruits or veg-

etables are distributed to children(4,6). Multicomponent

interventions that try to influence FV intake should attempt

to influence factors that are associated with this behaviour.

Such factors are, for example, knowledge of recommen-

dations for FV intake, availability and accessibility, taste

preferences, a liking for FV, parental modelling, attitudes

towards FV and self-efficacy(7–10). In a review of the mediating

factors of interventions to improve children’s food intake, only

attitude and, to a smaller degree, the knowledge of rec-

ommendations and self-efficacy have been found to mediate

the effect of school-based interventions on changes in FV

intake(11). However, few studies have investigated this.
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It is also important to study the actual implementation of

practical activities that target the selected determinants. The

degree of implementation is often found to be far from opti-

mal(12). Implementation means the delivery of the different

intervention components according to the intervention plan.

The degree of implementation is often influenced by local

circumstances in the school and may also be influenced by

the level of interest and general workload of the teachers.

The assessment of an implementation is usually done using

checklists or questionnaires directed at teachers that include

questions on the quantity (completeness) and quality (fide-

lity to instructions) of the implementation(13). The assessment

is usually closely tied to the contents of the intervention. It is

important to examine the degree of implementation as it has a

direct affect on the effectiveness of interventions(14,15).

The aim of the present study was to examine (1) whether

the degree of implementation of the PRO GREENS interven-

tion predicted a change in the FV intake frequency of 10- to

11-year-old schoolchildren in Finland and (2) whether a selec-

tion of the potential determinants of FV intake mediated any

of the effects of the intervention. We hypothesised that with

more exposure to the intervention, the impact on mediators

would be stronger and more mediators would be affected

and that this would have an impact on FV intake frequency.

Methods

Design of the PRO GREENS project

The present study used Finnish data from the European PRO

GREENS project (www.progreens.org ed), which aimed to

increase FV intake among 11-year-old children in a school

setting. Only Finnish data were used because although the

interventions were based on the same plan, each country

had its own intervention. The project is based on the Pro Chil-

dren FV intervention(16). The baseline survey was conducted

in May 2009, and follow-up data were collected 1 year later.

The intervention was conducted during the school year

2009–2010. The study was approved by the ethics committee

of the Department of Public Health of the University of

Helsinki.

Finnish sample and data collection

The sample in Finland was drawn from Swedish-speaking

schools that had at least twenty pupils in the fourth and fifth

grades, excluding those in the capital region. Only Swedish-

speaking schools were recruited because the questionnaires

had already been translated into Swedish by the Swedish

liaison. The capital region was excluded because a similar

intervention had recently been conducted in the relevant

schools. All nineteen of the invited schools agreed to partici-

pate in the study. All fourth- and fifth-grade teachers (n 71)

in the participating schools were asked to participate, and

sixty-two agreed. After the baseline study, the nineteen

schools were randomised into nine intervention schools (with

thirty-two classes) and ten control schools (with thirty classes).

The pupils completed the baseline and follow-up research

questionnaires in class under the supervision of their teachers.

At the time of the baseline study, the pupils were, on average,

11·4 years old. The participating classes had 1123 pupils, of

which 1030 completed the questionnaire. Informed consent

was received from 934 parents, and their children comprised

the final study participants at baseline, giving a response

rate of 83·2 %. In the follow-up study, two intervention classes

were lost: one did not participate and the other failed to col-

lect the data successfully. Thus, thirty intervention classes (388

children) and thirty control classes (424 children) took part in

the follow-up study, resulting in a total of 812 children, with

an overall response rate of 72·3 %. Out of thirty teachers,

twenty-four returned a completed questionnaire about the

implementation of the intervention during the follow-up

study. As only pupils from the intervention classes for which

we had the implementation data were included in the ana-

lyses, we used data from 727 children, of which 303 were

from the intervention classes and 424 from the control classes

(64·7 % of the original sample).

Intervention

The intervention was an updated version of the Pro Children

intervention, which was reviewed using the Intervention

Mapping method(17). Following the review, the intervention

was downscaled into four core elements, which were to be

implemented in all participating countries. These core

elements were classroom sessions on taste and the recommen-

dations for ‘5 A Day’ combined with an assessment of one’s

own intake, encouragement to bring a snack of fruits or

vegetables to school daily and finally a weekly organised

fruit/vegetable bring-a-dish event in the class.

In Finland, the intervention lasted from September to the

end of April. Before the start of the intervention, a research

coordinator visited all the intervention schools. The aims of

the visit were to meet the teachers of the intervention classes,

motivate them, tell them about the core elements of the inter-

vention, and present the contents of the teacher’s manual.

During the visit, the teachers received a manual containing

instructions for each component of the intervention. The com-

ponents of the intervention are summarised in Table 1. All the

intervention components were performed on the class level,

and the class teachers were responsible for the implemen-

tation; no school-level actions were taken. The intervention

classes also received some posters, and a letter was sent to

headmasters, but no other changes were made to the school

environment. No fruits or vegetables, other than those

included in the normal school lunch, were provided to the

children by the schools or the research organisation. All

schoolchildren in Finland are provided with a free school

lunch that includes salad or raw vegetables daily. Fruits are

usually not served. Parents were expected to be involved in

the two home assignments and to provide the children with

snacks of fruits or vegetables. Teachers kept logbooks about

the intervention activities and completed a questionnaire on

the implementation of the different intervention components

during the follow-up study.
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Measures

Children’s data

Intake of fruits and vegetables. The intake of FV was

measured using a FFQ that has been validated among children

of the same age(18). The intake frequency of fresh fruits, salads

or grated vegetables, other raw vegetables and cooked

vegetables was assessed with questions having the answer cat-

egories never (0), less than once a week (0·25), once a week

(1), 2–4 times per week (3), 5–6 times per week (5·5), once

per day (7), twice per day (14) and more than twice per day

(21). The answers for the intake frequency of all types of

vegetables were summed. These were then modified to

correspond to the children’s FV eating frequency per week

(in parentheses above).

Determinants of fruit and vegetable intake. The determi-

nants of FV intake were measured with questions adopted

from the reliability-tested questionnaire developed for the

Pro Children study(19). The determinants of fruit intake and

vegetable intake were assessed separately. All determinants

were measured both at baseline and at follow-up. In the pre-

sent study, the same concepts that were used for the determi-

nants in the Pro Children study were used(19). Knowledge of

recommendations was measured using separate questions

for fruit intake and vegetable intake: ‘How many portions of

fruits/vegetables do you think you should eat to have a

healthy diet?’ The answer categories for these questions

were no fruits/vegetables, 1–3 portions/week, 4–6 portions/

week, 1 portion/d, 2 portions/d, 3 portions/d, 4 portions/d

and 5 or more portions/d. The answers for fruit intake

and vegetable intake were added, and the variable was

dichotomised into the categories ‘less than 5 portions/d’ and

‘5 portions/d or more’. After that, four groups were formed:

a decrease in portions from baseline to follow-up; no

change from baseline to follow-up (but not 5 times/d or

more); an increase in portions from baseline to follow-up

(but not 5 times/d or more at follow-up); 5 portions/d or

more at follow-up (either an increase in portions from base-

line to 5 portions or more at follow-up or 5 portions or

more both at baseline and at follow-up). The group with a

decrease in portions served as the reference. Liking was

assessed using the following statements: ‘I like to eat fruits/

vegetables every day’ and ‘Fruits/vegetables taste good’

(Cronbach’s a for fruits was 0·69 and for vegetables was

0·85). Self-efficacy was assessed using the following state-

ments: ‘It is difficult for me to eat fruits/vegetables every

day’ and ‘If I decide to eat fruits/vegetables every day, I can

do it’ (Cronbach’s a for fruits was 0·48 and for vegetables

was 0·58). Attitudes were assessed using the following state-

ments: ‘To eat fruits/vegetables every day makes me feel

good’ and ‘To eat fruits/vegetables every day gives me more

energy’ (Cronbach’s a for fruits was 0·78 and for vegetables

was 0·89). The responses to these statements were given on

a five-point Likert scale. Taste preference variables were

derived from answers for questions on children’s taste prefer-

ences for fourteen common fruits and berries (two of which

were country specific) and sixteen vegetables (four of which

were country specific) listed in the questionnaire. The answers

for these questions were I like it a lot, I like it, I haven’t tasted

it, I don’t like it and I don’t like it at all. Bringing fruits or

vegetables to school as a snack represented availability in

the present study, as increasing home availability was not

an aim of the intervention. The frequency of bringing fruits

or vegetables to school as a snack was assessed with the

question ‘Do you usually bring fruits/vegetables with you to

school?’ The answers for this question were always, on most

days, sometimes, rarely and never.

Teachers’ data

Degree of implementation of the intervention. The

degree of implementation of the intervention was determined

according to the answers from the teachers’ questionnaire

administered during the follow-up study. The number of les-

sons implemented was determined with the open-ended

question ‘How many lessons have you used to implement

PRO GREENS during this school year?’ The intake frequency

of fruit or vegetable snacks was estimated with the question

‘Did you have snack breaks for fruits or vegetables in the

class as part of the PRO GREENS project?’ Responses were

given on a five-point scale ranging from ‘yes, on all days’ to

‘no’. Questions on taste tests, bring-a-dish events and partici-

pation in the teachers’ info meeting before the intervention

were asked. The answers for these questions were ‘yes’ or

Table 1. Components of the PRO GREENS intervention in Finland

Lessons Other elements

Lesson 1: Taste test 1: Senses and basic tastes Daily fruit/vegetable snacks
Lesson 2: Taste test 2: Variation, different fruits and vegetables Weekly fruit/vegetable bring-a-dish events
Lesson 3: Preferences and appreciation for fruits and vegetables Two home assignments
Lesson 4: 5 A Day: How much is it? Two letters to parents
Lesson 5: Recommendations and one’s own intake One letter to the school principal
Lesson 6: Goal setting for one’s own intake
Lesson 7: How to increase fruit and vegetable intake: Tips for different meals

Degree of implementation

(control, low degree of
implementation,
high degree of

implementation)

Change in determinants 

(knowledge of
recommendations,
liking, availability,
taste preferences,

attitude, self-efficacy)

Change in fruit or
vegetable intake

ai

bi

c'

c

Fig. 1. Conceptual model.
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Table 2. Descriptive variables of children in the PRO GREENS intervention in Finland

(Mean values and standard deviations; medians and interquartile ranges (IQR))

Control Low degree of implementation High degree of implementation

Mean SD Median IQR Mean SD Median IQR Mean SD Median IQR

n 424 130 173
Age (years at baseline) 11·4 0·6 11·3 0·6 11·5 0·6
Sex (girls) 48 46 54
Fruit and vegetable intake

Fruit intake (times/week)
Baseline 6·1 5·3 5·5 3·0–7·0 5·6 4·6 5·5 3·0–7·0 5·1 4·9 3·0 2·5–7·0
Follow-up 6·0 5·1 5·5 3·0–7·0 6·3 5·5 5·5 3·0–7·0 7·4 6·3 5·5 3·0–14·0
Significance of change ***

Vegetable intake (times/week)
Baseline 11·9 9·0 9·5 6·2–14·2 11·8 7·7 10·1 6·0–16·2 10·8 7·4 9·5 6·2–14·0
Follow-up 11·1 8·2 9·3 5·0–15·5 11·7 8·9 10·3 6·2–14·0 10·6 7·9 8·8 5·0–14·0
Significance of change

Determinants of fruit intake
Knowledge of recommendations (%)†

1: Decrease from baseline to follow-up 48 34 21
2: Same at baseline and at follow-up 9 10 4
3: Increase from baseline to follow-up 17 18 23
4: Five per day at follow-up 26 38 52

Liking (scale 1 to 5)
Baseline 4·5 0·7 4·5 4·0–5·0 4·4 0·8 4·5 4·0–5·0 4·4 0·8 4·5 4·0–5·0
Follow-up 4·4 0·8 4·5 4·0–5·0 4·3 0·8 4·5 4·0–5·0 4·4 0·7 4·5 4·0–5·0
Significance of change *

Fruits to school (scale 1 to 5)
Baseline 2·4 1·0 2·0 2·0–3·0 2·4 1·1 2·0 2·0–3·0 2·3 1·0 2·0 1·3–3·0
Follow-up 2·2 1·0 2·0 1·0–3·0 2·5 1·2 2·0 2·0–3·0 2·6 1·2 2·0 2·0–3·0
Significance of change *** ***

Taste preferences (scale 22 to 2)
Baseline 1·4 0·5 1·5 1·1–1·7 1·4 0·6 1·5 1·1–1·8 1·4 0·5 1·5 1·3–1·7
Follow-up 1·4 0·6 1·5 1·1–1·8 1·4 0·6 1·6 1·1–1·8 1·4 0·5 1·5 1·3–1·7
Significance of change

Attitude (scale 1 to 5)
Baseline 4·2 0·8 4·0 4·0–5·0 4·1 0·8 4·5 3·8–5·0 4·0 0·9 4·0 3·5–4·5
Follow-up 4·1 0·9 4·0 3·5–5·0 3·9 1·1 4·0 3·5–5·0 4·0 0·8 4·0 3·5–4·5
Significance of change ** **

Self-efficacy (scale 1 to 5)
Baseline 4·2 0·8 4·5 3·5–5·0 4·2 0·9 4·5 3·5–5·0 4·1 1·0 4·5 3·5–5·0
Follow-up 4·2 0·8 4·5 3·5–5·0 4·2 0·9 4·5 3·5–5·0 4·2 0·8 4·5 4·0–5·0
Significance of change

Determinants of vegetable intake
Liking (scale 1 to 5)

Baseline 3·8 1·0 4·0 3·0–4·5 3·7 1·0 4·0 3·0–4·5 3·5 1·2 4·0 2·5–4·5
Follow-up 3·6 1·1 4·0 3·0–4·5 3·6 1·0 3·5 3·0–4·5 3·5 1·2 3·5 2·5–4·5
Significance of change ***

Vegetables to school (scale 1 to 5)
Baseline 1·9 0·9 2·0 1·0–3·0 1·8 1·0 1·0 1·0–2·0 1·7 0·9 1·0 1·0–2·0
Follow-up 1·7 0·8 1·0 1·0–2·0 1·9 1·1 2·0 1·0–3·0 1·8 0·9 2·0 1·0–2·0
Significance of change ***
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‘no’. The answers were then summed. Each ‘yes’ answer

received 1 point and the answers for questions on the

number of lessons implemented and the intake frequency of

fruit snacks each received 0–3 points with a maximum of

9 points. To examine the group of children who received a

large proportion of the intervention, the intervention classes

were divided into two groups: the group with a high degree

of implementation where the teachers had a total of 5–9

points and the group with a low degree of implementation

where the teachers had 0–4 points. The control schools

served as the reference group.

Statistical analyses

Sample size calculations of the PRO GREENS study have been

published elsewhere(20). Means, standard deviations and per-

centages are used to describe the characteristics of the study

sample. As the variables were not normally distributed,

medians and interquartile ranges are also reported. Spear-

man’s correlations between the measured variables were

checked. These calculations were carried out using SPSS 19

software (SPSS, Inc.).

To examine whether the degree of implementation of

the intervention predicted a change in fruit intake and in

vegetable intake and whether a selection of the potential

determinants of FV intake mediated any of the effects

of the intervention, multilevel mediation analyses were

conducted(21). Mediation analysis estimates and tests the

hypotheses about the paths of causal influence from an inde-

pendent variable on an outcome, through one or more

proposed intervening variable(s) (the mediator, indirect

path) and a second variable independent of the intervening

mechanism (direct path). The multilevel design takes into

account that the units of observation are nested under a

higher-level unit. In the present study, the intervention was

conducted in a classroom and led by a teacher. Children in

the same classroom might be more similar to each other

than children from other classrooms.

The proposed mediation model (Fig. 1) was examined

using Mplus statistical software version 7.0(21). Maximum like-

lihood robust was used as the estimation method. Maximum

likelihood robust produces standard errors by means of a

sandwich estimator, which has been shown to be robust to

non-normality and non-independence of the observations(21).

The model fit was not evaluated because the estimated multi-

level mediation model was saturated. The bootstrapping

method was used to determine the 95 % CI. For the multilevel

mediation model, two dummy variables (a low degree of

implementation and a high degree of implementation) were

created for the three-group categorical independent variable,

treating the control group as the reference category. Residual

change variables of the mediators were used. The outcome

was the fruit or vegetable intake at follow-up. Age, sex and

FV intake at baseline were adjusted for in the analyses.

The conceptual model of the analyses (Fig. 1) can be

divided into five phases: (1) the impact of the degree of

implementation on the change in determinants (a path);

(2) the impact of changes in determinants on the change inT
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fruit or vegetable intake at follow-up (b path); (3) the impact

of the degree of implementation on changes in fruit or veg-

etable intake (c path or total effect); (4) the impact of the

degree of implementation on changes in fruit or vegetable

intake with adjustments made for all mediators (c0 path or

direct effect); (5) the impact of the degree of implementation

on changes in fruit or vegetable intake through changes

in mediators (a £ b path or indirect effect). These phases

were first separately conducted for each proposed mediator.

After that, a multiple-mediator model with significant medi-

ators from the single-mediator models was evaluated.

The analyses were carried out separately for fruit intake and

vegetable intake.

Results

Descriptive statistics

The frequency of fruit intake increased from baseline to

follow-up in the group with a high degree of implementation

of the intervention, but no other changes in the frequency of

fruit or vegetable intake from baseline to follow-up were

observed (Table 2). Bringing fruits to school as a snack

increased in the group with a high degree of implementation,

as did the knowledge of recommendations. Other changes in

the determinants of FV intake were negative and occurred

mostly in the control group. The number and percentage of

teachers who implemented different components of the inter-

vention are summarised in Table 3. The correlations between

the changes in the mediating variables were weak, as were

those between the changes in the mediating variables and

the degree of implementation of the intervention (Table 4).

Mediation analyses

Fruit intake. Changes in the knowledge of recommen-

dations, liking and bringing fruits as a snack to school

were significant mediators, when the single-mediator models

for fruit intake were examined. Therefore, knowledge of

recommendations, bringing fruits as a snack to school and

liking were chosen for the final multiple-mediator model.

The total effect of a high degree of implementation of the

intervention on the change in fruit intake was significant

(c path: 1·89, 95 % CI 0·26, 3·52), whereas the total effect of

a low degree of implementation of the intervention was not

significant (c path: 0·64, 95 % CI 20·43, 1·71). The path coeffi-

cients and standard errors for the multiple-mediator model are

shown in Fig. 2. Both low and high degrees of implementation

of the intervention were significantly associated with a change

in the knowledge of recommendations and availability, as was

bringing fruits to school as a snack, whereas only a high

degree of implementation of the intervention was significantly

associated with a change in liking (a path). The associations

were stronger for a high degree of implementation than for

a low degree of implementation. Changes in the knowledge

of recommendations, bringing fruits as a snack to school

and liking were significantly associated with a change in

fruit intake (b path). The direct effect of both high and low

degrees of implementation of the intervention on the change

in fruit intake was not significant (c0 path). Overall, the

model was significant and accounted for 34·3 % of the

change in fruit intake.

The total indirect effect and specific indirect effects are sum-

marised in Table 5. The total indirect effect of the low and

high degrees of implementation on the change in fruit

intake through knowledge of recommendations and liking

were significant. The specific indirect effect of bringing fruits

to school as a snack from a low degree of implementation

of the intervention on the change in fruit intake was signifi-

cant. The specific indirect effects of change in the knowledge

of recommendations and change in liking from a high degree

of implementation of the intervention on the change in fruit

intake were significant.

Vegetable intake. Knowledge of recommendations was a

significant mediator when the single-mediator models for the

change in vegetable intake were evaluated. The total effect

of both low and high degrees of implementation of the inter-

vention on the change in vegetable intake was not significant

(low degree of implementation: 0·65, 95 % CI 20·87, 2·17;

high degree of implementation: 20·07, 95 % CI 22·03, 1·90).

Both high (0·90, 95 % CI 0·04, 0·77) and low (0·40, 95 % CI

0·60, 1·19) degrees of implementation of the intervention

were significantly associated with a change in the knowledge

of recommendations (a paths). Change in the knowledge of

recommendations was significantly associated with a change

in vegetable intake (b path: 1·27, 95 % CI 0·78, 0·76). The indir-

ect effect of change in the knowledge of recommendations

was significant (Table 5).

Discussion

The present study examined whether changes in the knowl-

edge of recommendations, bringing fruits or vegetables to

school as a snack, liking, taste preferences, attitudes and

self-efficacy mediated the association between the degree of

implementation of a school-based FV intervention and a

change in FV intake frequency. When compared with the con-

Table 3. Number and percentage of teachers who implemented differ-
ent components of the PRO GREENS intervention in Finland in groups
defined by the overall degree of implementation of the intervention

Low degree of

implementation

(n 14)

High degree of

implementation

(n 10)

Total

number

(%) (n 24)

n % n % n %

Lessons (at

least seven)

1 7 9 90 10 42

Fruit/vegetable

snacks (at

least once

a week)

4 29 5 50 9 33

Bring-a-dish

breaks (yes)

7 50 10 100 17 71

Taste tests (yes) 6 43 10 100 16 67

Research

coordinator

meeting (yes)

10 71 9 90 19 79
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trol group, both low and high degrees of implementation of

the intervention predicted an increase in fruit intake via a

change in the knowledge of recommendations, but a high

degree of implementation showed a stronger effect. Liking,

on the other hand, acted as a mediator only between a high

degree of implementation and a change in fruit intake, and

bringing fruits to school as a snack acted as a mediator only

between a low degree of implementation and a change in

fruit intake. Only the knowledge of recommendations

mediated the association between the degree of implemen-

tation of the intervention and a change in vegetable intake,

but no direct effect on the change in vegetable intake was

found in the study.

The outcome in the present study was FV intake. The intake

of fruits was quite low among the children in the present

study. This result is, however, in line with the results of

previous population studies among Finnish schoolchildren.

The Health Behaviour in School-aged Children (HBSC) study

reported that among 11-year-olds from forty-one countries in

Europe and North America, Finnish children had almost the

lowest level of daily fruit intake(22).

Few intervention studies have examined the relevance of

the degree of implementation of a FV school-based interven-

tion to its results. In concordance with these earlier

studies(14,15,23), we found that the degree of implementation

is important as fruit intake increased only in the group with

a high degree of implementation. Thus, when assessing the

results of an intervention, the degree of implementation

should be taken into account.

The degree of implementation was assessed only according

to quantity (dose) and other potentially important aspects of

implementation, as fidelity to the intervention plan, participant

responsiveness and programme differentiation are not

known(24). Implementation of the intervention was generally

quite low. The reasons for this were not covered in the present

study, but lack of time, low self-efficacy and motivation, and

organisational issues in the class and in the school might

have had an impact(12). Involving teachers in the planning

of the intervention could increase their motivation, but this

was not done in this case.

The knowledge of recommendations was found to act as a

mediator of FV intake in one school intervention that aimed to

increase FV intake(25), but only in a subsample. In two other

studies, no mediation effect was found(26,27), although the

knowledge of recommendations satisfied the conditions for

mediation analysis in both studies (the intervention was

associated with a change in knowledge, which in turn was

associated with a change in fruit/vegetable intake). Among

adults, the knowledge of recommendations has been found

to mediate the association between an intervention and a

change in FV intake(28).

Bringing fruits to school as a snack mediated the interven-

tion effect, but only in the group with a low degree of

implementation, which was an unexpected result. A reason

for this can be that in the group with a high degree of

implementation other components of the intervention over-

rode the effect of bringing fruits to school as a snack and

the children in that group increased their intake by otherT
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means. Availability has not been found to mediate FV intake in

earlier studies(25), although availability and accessibility are

known to be associated with fruit intake(7,29). Knowledge

and availability might have been effective because bringing

FV to school as snacks was an important part of the interven-

tion and having an impact on the level of knowledge may be

easier than changing taste preferences. Liking was a mediator

in the group with a high degree of implementation. This may

indicate that a more intensive implementation in general or

some specific components of the intervention carried out in

the group with a high degree of implementation had an

effect on liking. No earlier results on liking as a mediator

have been reported.

Many of the assumed mediators did not act as mediators

between the degree of implementation of the intervention

and a change in fruit intake. One of the aims of the interven-

tion was to influence taste preferences, but liking did not

emerge as a mediator in our analyses. The b paths of all the

assumed mediators were significant, meaning that an increase

in these determinants had a positive effect on the change in

fruit intake, but the intervention had no effect on these deter-

minants. More time or more intensive interventions may be

needed to have an effect on these variables.

Although no total effect on children’s vegetable intake

frequency was found, the mediation analyses indicated that

a change in the knowledge of recommendations mediated

an association between the degree of implementation and

a change in vegetable intake. Because the same knowledge

variable also acted as a mediator for a change in fruit intake,

interventions should focus on promoting knowledge of the

recommendations. The lack of an effect on vegetable intake

in the present study is hard to compare with other studies.

In one previous study, fruit intake and vegetable intake

were studied together(25). Furthermore, liking for vegetables,

taste preferences, attitudes and knowledge have been found

to be associated with daily vegetable intake(7). Other FV inter-

ventions have also found that increasing vegetable intake is

more challenging than increasing fruit intake in children(5,6).

As eating occasions for FV differ and vegetables are usually

eaten at meals, convincing those who cook for children,

Low: 0·01 (0·09)  

High: 0·15 (0·07)* 

Degree of
implementation of

the intervention

Change in
availability

Low: 0·31 (0·12)* 

High: 0·48 (0·23)*

Low: 0·12 (0·46) 

High: 0·78 (0·66) 

Change in fruit
intake

Low: 0·41 (0·19)* 
High: 0·91 (0·15)*** 

Change in liking

0·87 (0·23)***

0·60 (0·14)*** 

1·07 (0·18)*** 

Change in
knowledge

Fig. 2. Coefficients representing the effects (and standard errors) of the degree of implementation of the intervention on the change in mediators and change in

fruit intake adjusted for sex and baseline fruit intake in the multiple-mediator model (a, b and c0 paths) (n 708). The association was statistically significant:

*P,0·05, ***P,0·001.

Table 5. Total indirect and specific indirect effects* of the degree of implementation of the intervention on the
change in fruit and vegetable intake among 11-year-old children in the PRO GREENS intervention in Finland†

(b-Coefficients, standard errors and 95 % confidence intervals, n 708)

Degree of implementation of the intervention b-Coefficient SE 95 % CI

Fruit intake
Total indirect effect Control 0

Low degree of implementation 0·52 0·24 0·05, 0·99
High degree of implementation 1·11 0·34 0·35, 1·87

Knowledge Control 0
Low degree of implementation 0·24 0·14 20·03, 0·24
High degree of implementation 0·54 0·17 0·21, 0·54

Availability Control
Low degree of implementation 0·27 0·13 0·02, 0·52
High degree of implementation 0·42 0·27 20·11, 0·94

Liking Control 0
Low degree of implementation 0·01 0·09 20·18, 0·19
High degree of implementation 0·16 0·07 0·02, 0·30

Vegetable intake
Knowledge Control

Low degree of implementation 0·51 0·26 0·01, 1·02
High degree of implementation 1·14 0·31 0·53, 1·74

* Through changes in knowledge, availability and liking for fruit intake and change in knowledge for vegetable intake.
† Adjusted for sex and age.
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namely parents and school lunch providers, to increase

children’s vegetable intake may achieve better results. The

situation in Finland might differ from that in some other

countries, as all children receive vegetables as part of the

free school lunch. Still, interventions that have tried to influ-

ence parents and increase the home availability of vegetables

have not achieved any more promising results(5,6).

The present study has both strengths and weaknesses. Few

mediation studies and studies that have examined the impact

of the degree of implementation of a school-based interven-

tion exist, and the present study adds to this knowledge.

The degree of participation was quite high as all the invited

schools and sixty-one of the seventy-one invited classes par-

ticipated. The attrition during the follow-up study consisted

of two classes with missing follow-up data, one of which

did not participate in the follow-up study and the other

failed to collect the data successfully. In addition, six classes

in the intervention schools had teachers who failed to return

the questionnaire on implementation, and therefore these

classes were not included in the analyses. This could have

influenced the results if the children in these classes differed

from the other children. We decided not to include the

children from these classes in the analyses as we had no

information about the classes’ level of implementation.

The measurement of implementation could have been more

precise: no data on the fidelity to intervention instructions or

the implementation of specific lessons exist. A similar type

of implementation measure was used in the Pro Children

study, which also showed a relationship with achieved

effects(15). No other evaluation of the validity of the implemen-

tation construct was done, which can be construed as a

weakness. Moreover, the study sample was not representative

of the whole country, as it was constituted of pupils in

Swedish-speaking schools; thus, it could possibly be represen-

tative of the Finnish Swedish-speaking minority. About 5 % of

Finns are Swedish speaking. Some of Cronbach’s a for the

mediators were very low. This is partly because only two

questions were used for most constructs. This is common

when studying children, as the questionnaire can otherwise

be too long and demanding. Cronbach’s a were quite equal

in the validation study carried out in five European

countries(19). Another weakness of the study was the use

of FFQ data on FV intake. As only intake frequency was

studied, we do not know whether changes in portion sizes

occurred.

Conclusion

In the present study, changes in the knowledge of recommen-

dations, liking and bringing fruits to school as a snack were

found to act as mediators between the degree of implemen-

tation of a school-based intervention and an increase in the

frequency of fruit intake. Therefore, the level or degree of

implementation of an intervention should be assessed when

examining its effect. No effect on the frequency of vegetable

intake was found. Future intervention studies should concen-

trate on increasing vegetable intake and invest in the

implementation of interventions.
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