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Abstract
Objective: To assess the effectiveness of a nutrition and physical activity (PA)
intervention on dietary intake (DI), nutritional knowledge (NK), blood pressure
(BP), anthropometric measures and cardiorespiratory fitness (CRF) of schoolchildren.
Design: Longitudinal study. DI, NK, BMI, waist-to-height ratio (WHtR), BP and CRF
were all measured/calculated prior to (October 2014) and at the end of (June 2016)
intervention delivery.
Setting: Two primary schools (one intervention and one control), Cork, Ireland.
Participants: Six-year-olds (n 49; mean age = 6·09 (SD 0·33) years) and 10-year-olds
(n 52; mean age = 9·90 (SD 0·37) years).
Results: There was a large and a moderate statistically significant difference between
the change in systolic (P = 0·005, effect size (ES) = 0·165) and diastolic BP (P = 0·023,
ES = 0·116), respectively, for 10-year-olds in the intervention and control groups.
There was also a large statistically significant difference between the change in
WHtR (P = 0·0005, ES = 0·386) and a moderate statistically significant difference
between the change in NK (P = 0·027, ES = 0·107) for 10-year-olds in the intervention
and control groups. There was a large statistically significant difference between the
change in percentage of energy from protein in 10-year-old females (P = 0·021,
ES = 0·276) in the intervention and control groups.
Conclusions: Project Spraoi is Ireland’s first ever school-based intervention that has
been evaluated and proven effective in improving DI, NK, WHtR and BP in older
primary-school children in one intervention school.

Poor diet, high blood pressure (BP) and low levels of physical fitness in childhood have been associated with multiple
health problems including overweight and obesity, CVD,
cancer and type 2 diabetes mellitus(1,2). Furthermore, overweight and obesity are now the most common childhood
disorders in Europe(3), causing social, psychological and
physiological health problems in childhood and poor
health outcomes as an adult(4). Environmental and lifestyle
factors are recognised as the primary drivers of obesity,
with poor diet and sedentary behaviours playing a role(5).
Both national(6) and international statistics(7) show that
obese children are more likely to become obese adults,
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indicating that surveillance and the promotion of healthy
behaviours early in life are warranted(8).
The school environment has the potential to make important differences in children’s health and presents a number of
opportunities for intervention(9–12). In fact, school-based
interventions show consistent improvements in children’s
knowledge and attitudes, behaviour and, when tested,
physical and clinical outcomes(1). Primary schools are
particularly favourable, as children of primary school age
can be highly influenced by health promotion initiatives,
which can then promote positive behavioural changes that
can continue into adulthood(13). Children also spend
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considerable amounts of time at school and this setting
enables large numbers of children to be targeted at one
time(14).
Research from a systematic review of thirty-two studies
with over 52 000 participants(15) reported that recent
school-based interventions demonstrate more convincing
evidence for improvements in BMI by enhancing dietary
intake (DI) and increasing physical activity (PA) than earlier
initiatives. Another systematic review(4) also found strong
evidence to support the beneficial effects of school-based
programmes targeted to children aged 6–12 years. Such
programmes include increased PA, improvements in nutritional quality of school food and providing environments
and cultural practices to support healthy eating and activity
throughout each day(4). Parental support is also important,
which includes encouraging children to be more active, eat
more nutritious foods and spend less time in screen-based
activities in the home(16). Although some studies involving
either a PA or a healthy eating component have shown
positive effects on adiposity outcomes, combined nutrition
and PA interventions seem to be more successful in
improving multiple health behaviours (not just adiposity
reduction) in primary-school children(17,18). A combined
approach may also help to prevent the co-morbidities
associated with obesity(19), encouraging children to
establish long-lasting healthy lifestyle habits. In addition,
long-term interventions (>12 months) appear to be more
effective in achieving healthier BMI(20,15) and improving
diet and PA(21), compared with short-term interventions
(<12 months).
To date, there are no health promotion programmes
targeting both nutrition and PA in Irish primary schools
that have been evaluated and proven effective. Definite
conclusions as to the effectiveness of such programmes
at improving health behaviours and preventing overweight and/or obesity are therefore not available.
Without such interventions, unhealthy behaviours are at
risk of continuing, which could have both immediate
and long-term health implications. To address this,
Project Spraoi (http://www.cit.ie/projectspraoi), a primary-school health promotion intervention that aims to
promote PA, improve DI and increase nutritional knowledge (NK) of Irish schoolchildren, was created. ‘Spraoi’ is
a Gaelic Irish word, which means ‘fun’. Project Spraoi is
based on Project Energize (www.projectenergize.org.
nz/); a combined PA and nutrition intervention that is
effective at improving cardiorespiratory fitness (CRF),
body composition, BP and nutrition for children(22).
The project, which has been running in New Zealand
for 10 years, has proven to be both sustainable and
cost-effective(23). With only minor changes to the Project
Energize resources to make them suitable to an Irish
setting (minor changes to some of the foods/drinks
used in the resources and adaptation of games), Project
Spraoi aims to achieve similar health improvements in
schoolchildren in Cork.
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Methodology
Participation
Two schools were selected via convenience sampling for
the purpose of a larger study, Project Spraoi, as described
in detail elsewhere(24). Inclusion criteria for schools
included: mixed, middle/high socio-economic status,
rural, medium sized(25), proximity of 20 km to the research
institute, willingness to implement the Project Spraoi
intervention and not currently participating in another PA
and/or healthy eating intervention(24). The intervention
and control schools were matched on the inclusion criteria
listed above. Due to budgetary constraints of the project,
there was one ‘energizer’/researcher assigned to delivering
the intervention to all classes (n 10). Hence, due to the
exploratory nature of the study and limited resources,
two schools were screened prior to the intervention to
ensure they were not undertaking any other PA or healthy
eating programmes. With more resources the number of
schools would have been increased. However, the impact
of the intervention may have been compromised as
energizing time would have been greatly reduced if more
than two schools were included with the current resources.
All students from the intervention school (n 274) received
the PA and nutrition intervention; children in the control
school (n 567) did not receive any of the intervention components. While all children from the intervention school took
part in the nutrition and PA classes, evaluation of DI, NK, BP,
anthropometric and CRF measurements was carried out only
on 6-year-old and 10-year-old children. A total of 101
children (forty-nine 6-year-olds, fifty-two 10-year-olds;
48·1 % boys, 51·9 % girls) participated. The mean age for
6-year-olds was 6·09 (SD 0·33) years and 9·9 (SD 0·37) years
for 10-year-olds. These two age groups were chosen as these
age ranges are important for forming and understanding
health habits(24). Data were collected over four days (two
weekdays and two weekend days) at two time points (baseline, October 2014 and post-intervention, June 2016) by
trained postgraduate researchers and staff of Cork Institute
of Technology (Cork, Ireland). The same children were
assessed at baseline and post-intervention; non-response
rate for completed food diaries increased from 25 % (n 25)
at baseline to 32 % (n 32) post-intervention.
Informed assent and parental consent were required
from all children before participation. Ethical approval
was obtained from Cork Institute of Technology Research
Ethics Review Board in September 2013. All data collected
were kept strictly confidential and were accessible only to
researchers involved in Project Spraoi at Cork Institute of
Technology. All participants were assigned a random identification number at the beginning of the study by the lead
researcher, who was the only person able to trace data back
to any participant. This identification number was used for
the duration of the study. Data were collected on paper and
inputted on to a password-protected laptop that was accessible only by the lead researcher. Data were processed and
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Table 1 Key aims of the Project Spraoi nutrition and physical activity intervention
Nutrition

Physical activity (PA)

•
•
•
•

• Encourage additional 20 min of PA per day
• Increase lunchtime PA with organised games
• Encourage home play (active homework) and reduce time
spent engaging in sedentary activities

•
•
•
•

Water is the best drink
Consume milk and high-calcium foods daily
Increase fruit and vegetable consumption
Improve nutritional quality of food brought from home and reduce
energy-dense foods
Increase availability of healthy choices at school
Decrease availability of energy-dense foods in school
Increase awareness of the importance of breakfast and a
breakfast routine
Consistent nutrition messages in all aspects of school and
community interaction

will be stored in line with the General Data Protection
Regulation (GDPR) (EU) 2016/679.
Project Spraoi intervention
The Project Spraoi intervention took place over two academic
years from October 2014 to May 2016. Every class (n 10) in
the school received one ‘energizer’ session per week and this
continued over the entire two-year period. For the purpose of
evaluation, measurements were taken from participants at
baseline (prior to the intervention delivery) and postintervention data were gathered two years later, directly after
completion of the intervention. The relevant intervention
material used in Project Energize was tailored for use in
Project Spraoi, with minor adjustments applied, in order to
make it relevant to the Irish setting. From the outset, an agreement was signed by the school and the ‘energizer’ (who
provided hands-on support and assistance to schools and
teachers), agreeing to the goals of Project Spraoi and to outline expectations, roles and responsibilities. The researcher
also acted as the ‘energizer’ for the entire intervention. The
‘energizer’ and class teacher discussed plans for targeted
nutrition and PA classes, which included providing specific
material on healthier food choices, delivering simple healthy
food demonstrations and modelling PA classes based on
Kiwidex(26) and Project Energize(27). Information was also
provided on unhealthy foods and ways to encourage a
reduction in the amount of high-energy/low-nutrient foods
consumed. Parents were given the opportunity to attend
information and demonstration sessions, delivered by the
‘energizer’. These included healthy lunchbox ideas, tasting
sessions and education sessions on high-sugar beverages
and takeaways. The PA classes included the delivery of
20 min of huff and puff games, circuit classes, dance routines,
gymnastics and whole-school initiatives. The key objectives
of the Project Spraoi nutrition and PA interventions are
described in Table 1.
Dietary analysis
A 4 d estimated food diary (two weekdays and two weekend days), adapted from the Cork Children’s Lifestyle Study
(CCLaS)(28), was used to examine DI. Written instructions
were provided to participants and parents and the

researcher also provided guidance in the classroom setting
on completing the food diary (students only). Each day of
the food diary was broken into six meal sections: breakfast,
morning snack, lunch, afternoon snack, dinner and evening
snack. Ten-year-old children were advised to seek help from
parents and teachers when filling in their food diary, while
parents of 6-year-old children were asked to complete the
food diary with them. To improve dietary data completion,
the researcher sat down with all 10-year-olds at the end of
food diary collection to fill in any missing information.
While the researcher did not meet individually with parents,
contact details of the researcher were made available to
parents should they have any questions about the food
diaries or data collection. To encourage accurate recording
of portion sizes, detailed images from the Young Person’s
Food Atlas (primary)(29) were included with the diary to
encourage the accurate recording of portion sizes. The
Irish Food Portion Sizes Database(30) was used to assign an
age-appropriate median portion size when no estimation
was given. Number of unhealthy snacks (sweets, crisps,
chocolate, ice cream, cakes, biscuits, bars and pastries)
was estimated using the Irish Food Portion Sizes Database(30).
All foods and beverages were entered into the Dietplan 7
(Forestfield Software Ltd, Horsham, UK, 2015) software package. The statistical software package IBM SPSS Statistics for
Windows version 22 was used to analyse and examine fruit
and vegetable intake (total number of servings per day); number of unhealthy snacks per day; fibre (g/d); macronutrient
intake, i.e. protein (% total energy), fat (% total energy),
saturated fat (% total energy), sugar (% total energy); and
micronutrient intake, i.e. Na (mg/d), Ca (mg/d) and Fe (mg/d).
Identifying under-reporters
To estimate total daily energy requirements, each participant’s BMR (based on his/her age, sex and weight according
to Schofield et al.(31)) was multiplied by an allocated physical
activity level (PAL)(32). The minimum PAL cut-off values
were applied (PAL = 1·28 males and females aged 1–5 years,
PAL = 1·39 for males aged 6–18 years and PAL = 1·30 for
females aged 6–18 years). Each child’s total energy intake
was then compared with his/her estimated energy requirements and it was found that 54·5 % of children were
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classified as under-reporters. To consider the likelihood of
misreporting, all macronutrients in the present study were
expressed as a proportion of energy consumed(25).
Nutrition knowledge questionnaire
The validated ‘Fit Kids ‘r’ Healthy Kids’(33) questionnaire
was used to assess participants’ knowledge of healthy eating. To ensure its age appropriateness and relevance in an
Irish setting, it was first piloted in a primary school in
Cork (among twenty-three students). Minor changes were
made to the pictures and the Irish Food Pyramid (2012)(34)
replaced the US Department of Agriculture food pyramid(35)
used in the original questionnaire(33). A total of fifteen
multiple-choice questions measured knowledge of food
groups, healthful foods and food functions.
Anthropometric and blood pressure measurements
All anthropometric measurements were carried out by
trained researchers in a private room, in small groups
(six children). The same researcher, where possible, undertook the same physical measurement with each child preand post-intervention to minimise intra-reliability error(24).
Height (cm), body mass (kg) and waist circumference (cm)
measurements were taken prior to (October 2014) and at
the end of (June 2016) intervention delivery. Height and
body mass were measured to calculate BMI and BMI
Z-scores(36,37). The International Obesity Task Force(37)
age- and gender -adjusted cut-off points were applied to
the data in order to assign BMI classifications (thin, normal,
overweight, obese) and to make international comparisons. Waist-to-height-ratio (WHtR) was also calculated by
dividing waist circumference by height and the universal
cut-off value for children of 0·5 indicated risk of obesity
and cardiometabolic syndrome(38). WHtR has been shown
to be a better predictor for the presence of CVD risk factors
than BMI in children(39,40). Waist circumference was measured
in duplicate using a non-stretch Seca 200 measuring tape,
height was measured using Leicester portable height scales
and weight was measured using Tanita WB100MZ portable
electronic scales. BP (mmHg) was measured on the right
arm in a seated position, with the cuff positioned 2 cm above
the elbow. Children were required to sit quietly prior to measurement to ensure an accurate reading. A third measurement
was taken if the difference was >10 mmHg. Children were
classified into BP categories (normal and high-normal/high)
according to gender- and age-specific BP cut-off points(41).
Cardiorespiratory fitness
CRF was measured using a validated 550 m walk/run
test(42,43). An oval loop using a 110 m rope was set up on
a level grassed area outside. The run/walk test was first
explained before all children participated in a warm-up
lap. Participants, in groups of up to five, were asked to
complete five laps as quickly as possible. Time taken to
complete the 550 m for each participant was recorded, in
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minutes and seconds, using calibrated XLR8 stopwatches.
Run scores were classified into fast (≤50th centile) or slow
(>50th centile) categories, based on the Waikato 2011 centile charts for time to complete 550 m(44).
Data analysis
Data were analysed using IBM SPSS Statistics for Windows
version 22.0. Mean and SD were used to summarise the data
for all continuous variables. Children absent from school on
the day of testing were recorded as missing values. Children
were divided into four subgroups according to age and
gender: 6-year-old boys, 6-year-old girls, 10-year-old boys
and 10-year-old girls. Shapiro Wilk test and Levene’s test
were used as criteria for satisfying the assumptions of measurements being normally distributed and homogeneity of
variance, respectively. A repeated-measures ANOVA was
undertaken to investigate statistically significant differences
in DI, NK, height, weight, BMI, WHtR, BP and CRF between
the intervention and control groups. All statistical testing was
performed using a 5 % level of significance. The effect size
(ES), η², was calculated to determine the strength of any
statistically significant findings (small: 0·01 ≤ η² < 0·06;
medium: 0·06 ≤ η² < 0·14; large: η² ≥ 0·14).

Results
Repeated-measures ANOVA was implemented to compare
results of anthropometric measurements, BP, run time, NK
(shown in Tables 2 and 3) and DI (shown in Tables 4 and
5) at baseline and post-intervention. Statistically significant
interaction effects for the intervention were found. There
were statistically insignificant differences between genders
for anthropometric measurements, BP, run time and NK.
Hence, results are reported for the total sample in Tables 2
and 3. There was no significant difference in energy intake
for 6-year-olds and 10-year-olds from baseline to postintervention.
Intervention effects: 6-year-olds
There was only one significant finding for the 6-year-olds: a
large statistically significant difference of 5·97 g between
the change in fibre intake in 6-year-old males in the intervention and control groups (P = 0·024, ES = 0·315; Table 4).
Fibre intake increased by 3·43 g within the intervention
group and decreased by 2·54 g in the control group, see
Fig. 1(a). Analysis of baseline data revealed that 69·4 %
of 6-year-old children had normal BP, 18·4 % had highnormal and 12·2 % had high BP.
Intervention effects: 10-year-olds
For 10-year-olds, there was a large statistically significant difference of 9·83 mmHg between the change in systolic BP in
the intervention and control groups (P = 0·005, ES = 0·165).
Analysis of baseline data revealed that 56·9 % of 10-year-olds
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Table 2 Effects of the Project Spraoi two-year nutrition and physical activity intervention for 6-year-old Irish schoolchildren: anthropometric,
blood pressure (BP) measurements, run time and nutritional knowledge (repeated-measures ANOVA; n 49)
Intervention
Baseline

BMI (kg/m2)
Systolic BP (mmHg)
Diastolic BP (mmHg)
Waist-to-height ratio
Run time (s)
Nutritional knowledge

Control
Follow-up

Baseline

Intervention effect
Follow-up

Mean

SD

Mean

SD

Mean

SD

Mean

SD

P value

16·22
103·43
59·57
0·46
207·73
9·45

1·30
9·12
8·16
0·03
25·23
2·18

16·67
105·22
59·72
0·41
178·68
11·89

2·02
6·97
6·85
0·03
21·07
2·50

16·44
104·57
64·46
0·45
203·62
8·94

1·42
8·32
11·09
0·03
20·41
2·11

16·60
101·26
57·71
0·41
183·61
11·35

1·57
5·62
6·85
0·03
30·21
1·27

0·501
0·073
0·077
0·736
0·222
0·958

Table 3 Effects of the Project Spraoi two-year nutrition and physical activity intervention for 10-year-old Irish schoolchildren: anthropometric,
blood pressure (BP) measurements, run time and nutritional knowledge (repeated-measures ANOVA; n 52)
Intervention
Baseline

BMI (kg/m2)
Systolic BP (mmHg)
Diastolic BP (mmHg)
Waist-to-height ratio
Run time (s)
Nutritional knowledge

Control
Follow-up

Baseline

Intervention effect
Follow-up

Mean

SD

Mean

SD

Mean

SD

Mean

SD

P value

17·19
113·88
70·70
0·42
161·79
12·45

2·08
6·42
5·47
0·03
19·42
1·23

17·33
110·05
64·35
0·38
148·05
13·55

2·19
8·18
5·73
0·02
21·76
0·88

17·93
98·35
59·54
0·42
183·90
12·96

2·63
11·79
10·43
0·04
24·07
1·11

18·65
104·35
59·35
0·41
164·71
13·15

2·55
7·33
6·58
0·04
20·51
1·12

0·147
0·005*
0·023†
0·0005*
0·369
0·027†

*A large effect size.
†A medium effect size.

Table 4 Effects of the Project Spraoi two-year nutrition and physical activity intervention for 6-year-old Irish schoolchildren: macro- and
micronutrient intakes, fruit and vegetable intake, and number of unhealthy snacks (repeated-measures ANOVA; n 49)
Intervention
Baseline

Fibre intake, males (g/d)
Fibre intake, females (g/d)
Na intake, males (mg/d)
Na intake, females (mg/d)
Ca intake, males (mg/d)
Ca intake, females (mg/d)
Fe intake, males (mg/d)
Fe intake, females (mg/d)
Fat (% of energy), males
Fat (% of energy), females
Saturated fat (% of energy), males
Saturated fat (% of energy), females
Sugar (% of energy), males
Sugar (% of energy), females
Protein (% of energy), males
Protein (% of energy), females
Total servings of fruit & vegetables/d
Number of unhealthy snacks/d
*A large effect size.

Control

Follow-up

Baseline

Intervention effect
Follow-up

Mean

SD

Mean

SD

Mean

SD

Mean

SD

P value

10·47
12·15
1427·63
1484·00
694·45
785·71
6·47
7·24
33·63
34·87
15·79
17·41
23·10
20·88
15·24
12·15
2·69
1·16

2·90
5·03
157·60
500·46
147·49
305·58
1·51
1·97
3·67
6·73
2·89
2·92
4·74
8·92
1·66
5·03
1·82
0·66

13·9
12·27
1552·81
1311·00
782·09
723·85
8·42
7·43
32·60
30·21
14·18
13·97
17·30
20·10
15·52
12·27
2·50
1·20

5·94
3·71
427·11
512·12
243·89
202·43
2·89
1·78
3·67
2·94
2·80
1·46
5·66
5·34
2·47
3·71
2·00
0·72

11·30
9·76
1420·20
1071·66
570·80
905·66
6·54
7·25
34·50
37·46
14·58
15·51
18·16
18·40
14·82
9·76
1·64
1·09

3·29
3·17
285·54
278·42
130·36
234·29
0·74
2·63
5·39
3·78
4·27
4·38
5·29
3·67
1·44
3·17
0·44
0·41

8·76
11·03
1282·20
1355·33
568·60
1060·33
7·20
9·25
33·98
35·63
14·66
14·93
16·56
12·10
15·80
11·03
1·95
1·12

1·79
2·71
377·41
390·85
130·98
246·87
2·66
2·82
5·06
8·56
1·95
3·32
5·04
8·90
1·53
2·71
0·82
0·65

0·024*
0·563
0·343
0·074
0·510
0·363
0·360
0·272
0·846
0·504
0·438
0·178
0·154
0·300
0·354
0·112
0·331
0·960
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Table 5 Effects of the Project Spraoi two-year nutrition and physical activity intervention for 10-year-old Irish schoolchildren: macro- and
micronutrient intakes, fruit and vegetable intake, and number of unhealthy snacks (repeated-measures ANOVA; n 52)
Intervention
Baseline

Fibre intake, males (g/d)
Fibre intake, females (g/d)
Na intake, males (mg/d)
Na intake, females (mg/d)
Ca intake, males (mg/d)
Ca intake, females (mg/d)
Fe intake, males (mg/d)
Fe intake, females (mg/d)
Fat (% of energy), males
Fat (% of energy), females
Saturated fat (% of energy), males
Saturated fat (% of energy), females
Sugar (% of energy), males
Sugar (% of energy), females
Protein (% of energy), males
Protein (% of energy), females
Total servings of fruit & vegetables/d
Number of unhealthy snacks/d

Control

Follow-up

Baseline

Intervention effect
Follow-up

Mean

SD

Mean

SD

Mean

SD

Mean

SD

P value

11·30
10·10
1891·80
1483·63
840·80
559·18
7·94
6·31
38·84
36·95
18·34
15·19
17·06
19·72
15·24
13·38
1·73
1·50

3·24
2·34
553·29
353·62
327·50
209·44
1·99
1·02
1·26
4·05
0·89
2·46
2·96
7·20
2·66
1·93
1·09
0·87

14·50
12·46
1693·40
1705·72
900·00
739·45
9·02
7·70
34·16
37·02
15·46
15·97
18·48
19·09
16·00
15·45
2·38
1·35

3·94
4·38
219·18
423·70
289·18
200·26
2·51
2·44
2·28
3·60
1·64
2·63
1·66
3·99
2·09
1·69
1·78
0·71

10·93
11·88
1468·77
1282·11
603·88
591·55
6·68
7·05
35·96
34·41
15·51
14·72
17·86
20·06
15·57
16·35
1·73
1·66

3·61
2·56
295·03
245·89
168·45
125·03
2·01
2·02
5·55
3·95
4·38
2·36
3·56
3·07
3·27
1·71
0·69
0·81

12·45
13·64
1828·44
1520·22
607·11
662·88
8·18
8·20
33·52
34·85
14·93
14·32
16·11
19·25
16·25
15·89
2·15
1·48

2·82
3·39
1230·37
373·80
141·10
211·04
2·10
2·73
4·23
3·54
3·32
2·46
4·39
7·46
2·47
2·02
0·99
1·26

0·468
0·563
0·398
0·907
0·710
0·212
0·711
0·834
0·199
0·840
0·187
0·489
0·211
0·953
0·959
0·021*
0·667
0·940

*A large effect size.

had normal BP, 27·5 % had high-normal and 15·7 % had high
BP. The systolic BP decreased by 3·83 mmHg within the intervention group and increased by 6·0 mmHg in the control
group, see Fig. 1(b). There was a moderate significant difference of 6·16 mmHg between the change in diastolic BP in the
intervention and control groups (P = 0·023, ES = 0·116). The
diastolic BP decreased by 6·35 mmHg for 10-year-olds in
the intervention group and decreased by 0·19 mmHg in the
control group, see Fig. 1(c).
There was a large statistically significant difference of 0·01
between the change in WHtR in the intervention and control
groups (P = 0·0005, ES = 0·386). WHtR decreased by 0·02 in
the intervention group compared with the control group,
which decreased by 0·01, see Fig. 1(d). There was a moderate
statistically significant difference of 0·91 (6·07 %) between the
change in NK in the intervention and control groups (P = 0·027,
ES = 0·107). NK of the intervention group improved by 1·1,
while the control group only increased their NK by 0·19, see
Fig. 1(e).
There was only one statistically significant change in DI
for 10-year-olds. There was a large statistically significant
difference of 2·53 % between the change in percentage
of energy from protein in 10-year-old females in the intervention and control groups (P = 0·021, ES = 0·276). The percentage energy from protein increased by 2·07 % within the
intervention group and decreased by 0·46 % in the control
group, see Fig. 1(f).
Discussion
Project Spraoi is the only PA and nutrition intervention
to date that has been implemented and evaluated among
primary-school children in Ireland.

Project Spraoi significantly reduced systolic and
diastolic BP in 10-year-old children. Our findings are
consistent with research that school-based nutrition
and PA intervention programmes can reduce BP(27,45)
and thereby improve children’s health in the long term.
Previous studies have demonstrated that a combination
of increased PA and improved DI has a positive effect
on BP in children when intervention duration was
greater than 12 months(45) and the reduction in BP was
more marked in those studies in which combined diet
and PA interventions were used(46). Early intervention
is critical as high BP is also correlated with WHtR(47)
and BP in childhood predicts hypertension and metabolic syndrome later in life(48). The significant decrease
in BP following the intervention is a clinically significant
outcome as it has previously been shown in adults that
every mmHg decrease in BP decreases the risk of
CVD(47). Our results demonstrate the value of implementing a health promotion programme such as
Project Spraoi in primary schools to significantly reduce
systolic and diastolic BP.
Although there was no change in BMI, WHtR has been
shown to be a better predictor for the presence of CVD
risk factors than BMI in children(39,40) and higher level of
fat accumulation around the abdominal area is associated
with less favourable cardiometabolic profiles in children(49). Therefore, the significant improvement in WHtR
for 10-year-old males and females in the intervention group
is an important finding and supports the effectiveness of
Project Spraoi in preventing overweight and obesity and
decreasing cardiometabolic risk in children.
The significant increase in the NK of 10-year-olds is similar to previously published data in the USA(33). Increased NK
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Fig. 1 (Colour online) Statistically significant effects of the Project Spraoi two-year nutrition and physical activity intervention for Irish
schoolchildren: (a) fibre intake, 6-year-old males; (b) systolic blood pressure, 10-year-olds; (c) diastolic blood pressure, 10-year-olds;
(d) waist-to-height ratio, 10-year-olds; (e) nutritional knowledge, 10-year-olds; (f) protein intake as a percentage of energy, 10-year-old
, intervention group;
, control group
females.

has the potential to enhance children’s DI(50). Research by
Worsley(51) asserts that NK may play a small but pivotal
role in the adoption of healthier food habits. The
increase in NK was evaluated using a validated questionnaire(33) and similar to other studies(52), despite an
increase in NK, positive changes were not seen in DI.
There was only one significant dietary change among
these same 10-year-olds (increase in percentage of
energy from protein). These results are disappointing
and may be attributed to the fact that, despite their
NK, primary-school children have little control over
what they eat. Research conducted with children in
Northern Ireland indicated that parents were major
influencers in their children’s diets(53). Parents are
responsible for what children eat at this age and therefore despite the efforts of the intervention, DI is dependent on food provided by parents. Parents play a critical
role in developing an environment that fosters healthy
eating and providing nutritious foods(54). Birch et al.
report that in order to improve primary-school children’s
healthy food preferences, there must be increased exposure, availability and accessibility to healthy foods from
parents(55). Although Project Spraoi involved parents in

some aspects of the programme (healthy lunchbox demonstrations, sugary drinks and takeaway information sessions,
recipes), this involvement was limited and therefore increasing the amount of parental participation in Project Spraoi
may help to further improve DI. Despite the increase in
NK, it is parents who control what their children eat.
Therefore, despite the efforts of the intervention, DI is
dependent on foods/drinks provided by parents/guardians.
It is expected that as these children age, the NK gained as
part of the intervention will be called upon as they move
towards nutritional independence.
Children’s NK is important and nutrition education
should continue to form part of a multicomponent intervention to improve dietary behaviours(56).
Although there was no significant increase in fruit and
vegetable intake, there was a significant increase in fibre
intake of 6-year-old males. Children with diets high in fibre
see many health benefits, including normal gastrointestinal
function, prevention and treatment of childhood obesity,
lower BP and lower risk for CVD in adulthood(57,58).
Fibre comes from a variety of sources and while there
was no increase in total percentage of energy from
carbohydrate or fruit and vegetable intake from baseline
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to post-intervention, there may have been an increase in
the intake of whole grains. Whole grains tend to have a high
fibre content, which may help to explain the increase in
fibre(59). However, this is only a hypothesis as whole grains
were not measured as an individual component. The
increase in protein intake in 10-year-old females is consistent with findings of the Nutrition Pathfinders programme
for 4th grade students (aged approximately 10 years) which
found that girls in the intervention group significantly
increased their protein intake compared with girls in the
control group; an effect not seen in boys(58). The specific
foods responsible for the increase in fibre and protein
are not known. Additional information on dietary data
has been reported elsewhere(60); however, baseline data
highlighted suboptimal intakes of fruit and vegetables,
fibre, Ca and Fe, while unhealthy snacks and saturated
fat intakes were higher than recommended. As the family
food environment still has an important influence on a
6-year-old’s DI(61), it may be that a longer implementation
of the intervention may be needed before changes are seen
in the younger age children involved in this intervention.

Strengths and limitations
A key strength of this research is the public health implications of the findings. Project Spraoi supports primary
schools to implement nutrition and PA policies which
promote healthy eating and encourage children to be
active, which is line with the Obesity Policy and Action
Plan(62) which focuses on a ‘whole-school’ approach to
tackling obesity. As dietary habits can track into adulthood,
promoting healthy eating patterns in childhood may be a
useful preventive strategy. The 4 d estimated food diary
provides detailed data on dietary intake and is a key
strength of the research. Furthermore, the present study
is the first of its kind in primary schools in Ireland; although
the intervention was only in one school, the positive findings emerging highlight the importance of creating a
healthy school environment.
While the food diary has been shown to have high
validity as a method of dietary assessment(63), the method
also has limitations, including error, reporting bias and being
time-consuming for participants to complete. Our research
relied on parents filling out the food diaries on behalf of
the 6-year-olds, which may have decreased the response
rate(64). In order to try and counteract this and increase
response rate, all children with completed food diaries were
entered into a draw to win a pair of sports shoes. The food
dairies were self-reported, therefore some misreporting and
non-reporting is likely to have occurred(65). Debriefing with
the researcher at the end of diary completion may have also
introduced reporting bias of dietary intake(66).
A total of 54·5 % of children were classified as underreporters by comparing each child’s total energy intake
with his/her estimated energy requirements using PAL
cut-off values(32). To minimise the impact of misreporting
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all macronutrients in the present study were expressed
as a proportion of energy consumed(24). The underreporting of dietary intake is a considerable challenge in
dietary assessment studies(66). The percentage of participants who under-reported their energy intakes is high,
but broad ranges from 10 to 50 % have been reported elsewhere(67). Stallone et al.(68) examined three approaches to
dietary analysis and concluded that including all subjects
and using energy adjustment was preferable to excluding
under-reporters. While there may have been a difference
in results between under- and over-reporters in the current
study, it was beyond the scope of the study to assess these.
However, to minimise the impact of misreporting, all
macronutrients were expressed as a proportion of energy
consumed. The Irish Universities Nutrition Alliance
study(69) also reported energy-adjusted nutrient intakes to
minimise the effects of under-reporting. Data must therefore be evaluated with caution(66). The low sample size also
made it more difficult to assess the impact of the
intervention.
Another limitation of the present study was the minimal
involvement of parents and this may have affected the
results, as parents are responsible for providing their child
with healthy food choices. Increased parental involvement
in future research with Project Spraoi is crucial in changing
the dietary habits of children, because research has shown
significantly stronger effects in studies with a high level
of parental involvement(70). Regular communication with
parents, special events, newsletters, information about
lunchboxes and repeated opportunities for parents to be
included are some of the ways to increase parental
involvement(70).
Potential confounding factors may include socioeconomic status, seasonality and physical activity levels;
however, we tried to limit the impact of these factors by
matching the schools on socio-economic status and rural/
urban. Seasonality may be an issue as baseline testing was
carried out in October 2014 (autumn), while follow-up
testing was undertaken in May/June (aummer). While it
was beyond the scope of the study, investigating the effect
of seasonality on DI, PA and CRF is recommended in future
research. However, both the control and intervention data
were collected at the same time so if seasonality is a factor,
it is expected that it would affect both groups similarly.

Conclusion
Although only in one intervention school, the evaluation of
the effectiveness of Project Spraoi has shown enhancements to WHtR, BP, NK, and healthier intakes of protein
and fibre of participating children. This combined nutrition
and PA intervention supports research that schools play a
key role in implementing health promotion strategies to
improve the overall health of children. Furthermore, it is
in line with Ireland’s Obesity Policy and Action Plan(62)
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of supporting primary schools to implement health promotion initiatives that promote healthly eating and encourage
children to be active. Improvements shown in the current
study signify Project Spraoi’s potential for long-term benefits and indicate that the expansion of the intervention to
other schools is both justified and warranted.
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