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Abstract 
Background: There is conflicting information about whether Scottish children 
follow the UK government recommendation of consuming 5 portions of fruit 
and vegetable (F & V) a day, or whether increased intake of F & V promotes 
improved health. Objective: This study aimed to 1) perform a cross-sectional 
study of the number of F & V portions that primary school children consume in 
relation to age (4 - 13 years old) and sex, 2) establish the relationship between F 
& V intake and health parameters. Methods: Data were collected from 466 
children using a specific F & V intake questionnaire. Health parameters (weight, 
height, blood pressure, waist circumference, hip circumference and lung func-
tion) were measured from all of the children. Results: Children consumed on 
average a total of 4.50 (SD 1.86) portions of F & V per day. F & V intake was not 
significantly different between girls and boys (t(464) = −0.397, P = 0.69). Children 
had greater intake of F&V on week day compared to weekend day (t(465) = 6.42, 
P ≤ 0.001). 42.2% children achieved the recommended F & V intake of five or 
more portions per day. After adjusting for age, sex and school, children who 
consumed more F & V had several markers of positive health including greater 
height, and parameters reflecting pulmonary function (FEV1 and FVC) were 
improved, while body weight, body fat, systolic blood pressure, pulse, waist cir-
cumference, hip circumference, waist to hip and waist to height ratio were all 
reduced. Conclusion: The recommended level of F & V or more can promote 
health among primary age children. 
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1. Introduction 

F & V are an essential part of a balanced diet and healthy lifestyle. They are rich 
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in essential nutrients that are believed to promote good health [1]. F & V contain 
high amounts of vitamins, minerals, fiber and phytochemicals and are rich in 
antioxidants such as Vitamin C [1]. The WHO report an insufficient intake of F 
& V is one of the 10 top leading risk factors for global mortality. The report sug-
gests that increasing the intake of F & V as recommended could help in pre-
venting chronic disease and saving people’s lives on average 2.7 million people 
annually [2]. Adequate consumption of F & V reduces the risk of cardiovascular 
diseases, certain cancers, type 2 diabetes and obesity [2]. Moreover, “eating a va-
riety of vegetables and fruits clearly ensures an adequate intake of most micro-
nutrients, dietary fibers and a host of essential non-nutrient substances” [3]. 

Eating more than seven portions a day of F & V for adults to derive additional 
health benefits with all-cause mortality and preventing chronic disease was sug-
gested by the University College London (UCL) in 2014 following a study which 
looked at > 65,000 adults in England over the years 2001-2008 [4]. It was estab-
lished in the same study that vegetables show greater health benefits than fruit, 
with reduced deaths from cancer compared with fruit [4]. Incidences of being 
overweight in the long term could be prevented by of the consumption of whole 
fruits, which comprise a high water content, low energy density, as well as a high 
content of dietary fiber [5]. However, it is currently unclear whether there are 
significant benefits from increasing F & V intake among children [6]. 

The current recommendation in the UK, is to eat a variety of 5 portions of F & 
V for adults and children (adults: 80 g each-equal to 400 g/d),) excluding pota-
toes (starchy food). For children it is suggested that a child’s handful be used to 
count as one portion of fruit or vegetables [7]. Pulses, beans and a 150 ml por-
tion of fresh fruit juice each only count as one portion per day [1]. Most children 
of primary age fail to meet the level of F & V recommended by the WHO in 
many countries [8]-[16]. 

The average F & V intake for UK primary school children has been estimated 
at 3 - 4 portions per day [17] [18]. Older children, aged 5 - 12 years old had the 
lowest daily intake of F & V (2.7 portions) in comparison with younger children 
aged 2 - 4 years old (3.1 portions) [19]. Despite 63% of boys and 73% of girls 
(aged 11 - 15) being aware of the five portions per day recommendation [20], 
only 11% of children aged between 5 - 15 met this recommended level in 2012 
[19]. This appears to be increased in younger children as in England (Leeds) 
children aged 3 - 7 years were found to eat an average of 2.4 items of fruit (in-
cluding fruit juice; or 1.6 excluding fruit juice) and 1.6 items of vegetables per 
day [21]. However, up to 30% of children reportedly do not eat any fruit or veg-
etables on a daily basis [11]-[21]. While some reports revealed that children 
consumed more fruit than vegetables [10] [22] [23], others found no differences 
with equivalent intakes of F & V [15] [24] [25]. In addition to age, sex was also 
found to impact F & V intake with girls eating more fruit than boys [24] [25] 
[26]. Family affluence may have an impact on children’s healthy behaviors, in 
that the more affluent the child’s family is, the more intake of F & V among their 
children [26] [27]. 
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While many studies report the benefits of increased F & V intake, the impact 
on specific health parameters is unclear [13]. Studies have shown a significant 
correlation between increased intakes of F & V in intervention studies and 
weight loss and these interventions have been shown to work in adults [28] [29] 
[30]. Reductions in body mass index (BMI) were suggested to be due to in-
creased fruit intake and decreased fat intake among the 5th grade children in the 
intervention group [31]. Increased intake of vegetables, however, did not have a 
significant effect on BMI [31]. This was suggested to be because children gener-
ally had a greater liking and intake for fruit, leading to higher fruit consumption 
after a school based intervention programme. 

The increased incidence of obesity in children with higher intakes of energy- 
dense food and lower F & V consumption is often suggested to be causal [32]. 
However not all reports on F & V intake suggest increased intake is beneficial, 
and concerns about a higher consumption of fruit juices leading to weight gain 
among children have been raised [13] [33]. There was a strong positive associa-
tion between consuming five F & V a day and Brazilian adolescents (age 12 - 19) 
being overweight [25]. In contrast obese/overweight children in Philadelphia 
consumed fewer servings of F & V in comparison with children’s with normal 
weight (4.0 vs 7.2 servings/day) [15]. 

There is also conflicting evidence for other health parameters. For example, it 
is widely believed that dietary intake of F & V is inversely related with blood 
pressure, and may prevent the development of hypertension [34]. However, 
other studies did not show any significant association [35] [36]. The potential 
mechanism behind such a relationship is also unclear [37] [38] [39]. In addition, 
many cross-sectional studies have shown that F & V intake is correlated with 
improved lung function in children, which may be related to the high content of 
Vitamin C [40] [41] [42]. F & V are considered to have a rich content of anti-
oxidants, like Vitamin C; and if taken in large amounts can lead to better lung 
functioning as antioxidants modulate the adverse effect of ozone (O3) on lung 
function as well as the resulting airway inflammatory response [41]. Important-
ly, a 2015 study found that antioxidants can raise the spread of cancer cells only 
if the patients with cancer are mice, but not in healthy subjects; however this has 
not yet been fully confirmed, as the testing was carried out in mice [43]. The ef-
fect of F & V intake on health parameters is therefore still confused, and there is 
a need for further research in children to elucidate the impact of F & V intake on 
pediatric health. 

The primary aim of the current study was to perform a cross-sectional survey 
of Scottish primary school children aged 4-13, to assess the intake of F & V, 
testing for any effect of age or sex. The relationship between F & V intake and 
various health related parameters was also investigated. Health parameters in-
cluded (weight (W), height (H), body composition (BC), systolic and diastolic 
blood pressure (SBP, DBP), resting pulse (P), lung function parameters, waist 
circumference (WC), hip circumference (HC), waist to hip ratio (WHR) and 
waist to height ratio (WHtR)). 
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2. Materials and Methods 
2.1. Subjects 

A total of 466 subjects aged 4 - 13 years old (216 boys and 250 girls) participated 
in this study. Data were collected from seventeen participating primary schools 
in Aberdeenshire, Scotland. 

2.2. Fruit and Vegetables Intake Questionnaire (FVIQ) 

All F & V intake was assessed using a questionnaire that specifically focused on 
the consumption of F & V (Appendix). Pictures of F & V, shown as a child’s 
handful, were provided in the questionnaire to provide a more precise estima-
tion of portion quantity to aid completion of the questionnaire. The question-
naire was tested and refined by reviewers prior to distribution. The question-
naire consisted of two parts: 

1) A F & V intake diary for one week day and one weekend day. F & V intake 
was categorized into five groups: fruit intake, vegetable intake, juice intake, food 
containing fruit and food containing vegetables. Examples of food containing 
fruit included pies, processed fruit snacks, and fruit yogurts and food containing 
vegetables included pasta sauces, soup, and vegetable stir fry. Children’s parents 
were asked to report any fruit or vegetables (excluding potatoes) consumed in 3 
main meals (breakfast, lunch, dinner) and 2 snacks (before lunch, dinner) for the 
2 days. For estimating the portion sizes of liquids/other types of food (e.g. juice, 
soup, and stew) in the questionnaire, household measures were defined by pho-
tographs of a small glass or bowl. For food containing either fruit or vegetables 
the raters had to make an informed judgment on the portion size. 

2) General demographic questions. Demographic information was collected 
including the child’s date of birth, sex, number of people living in the household 
(adults and children), full postcode, educational level of parents and employ-
ment status. They were completed by the children’s parents on their behalf. In 
addition parents were asked for their opinion on barriers to consuming the 
recommended portion of F & V by their children. The F & V barriers data were 
obtained from the same questionnaire. 

2.3. Health Parameters 

Health paremeters were measured at school. These measurements were made 
with the child wearing standard school uniform with shoes, hair accessories and 
socks or tights that would influence measurements, removed. Data were anony-
mized and stored in secure premises at University of Aberdeen. Some of the 
health parameter data was invalid due to failure to complete the measurements 
or refusal by the child to be measured. Height was measured to the nearest 0.1 
cm using a standard stadiometer (SECA 217), weight and body composition 
were measured to the nearest 0.1 kg using bioelectrical impedance analyser 
(BIA) specifically designed for measurements in children up to 17 years old (Ta-
nita BF-689). It depends on bioelectrical impedance analysis technique which is 
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used a safe, low-level electrical signal that is passed through the body to measure 
fat percentage in the body. BMI was calculated, BMI = Weight (kg)/Height (m2). 
BMI in children is not an accurate measure of adiposity due to differences in 
growth curves between boys and girls over different ages, therefore BMI-per- 
centile was used. Measures were adjusted for the age and sex of the child. BMI- 
percentile was determined and calculated online based on British 1990 (UK90) 
Growth Reference charts, which was developed by the UK-NHS [44] [45]. 
Weight classification was based on BMI-percentile cut off values as underweight 
(BMI: ≤2nd percentile), normal weight (BMI: >2 - <85th percentile), overweight 
(BMI: ≥85th percentile), or obese (BMI: ≥95th percentile). Waist and hip cir-
cumferences were measured to the nearest 0.1 cm using a tape measure (SECA 
Ergonomic Circumference Measuring Tape). Waist circumference was measured 
at the narrowest point of a normal waist (between the lowest rib and iliac crest) 
and hip circumference was measured at the widest area of the buttocks. Blood 
pressure was measured using an automatic digital B.P. monitor (Omron M10- 
IT), for older children age 9-13 years old, and an automatic digital B.P. monitor 
(Omron HEM-907) for younger children age 4-8 years old. Lung function was 
assessed by a digital spirometer (MIR Spirobank USB Spirometer). The follow-
ing measures of lung function were recorded for each child: forced expiratory 
volume in one second (FEV1): the volume of air that can be forcibly breathed 
out in one second; forced vital capacity (FVC): the total volume of air that can be 
forcibly breathed out in one breath; (FEV1/FVC): FEV1 as a proportion of FVC; 
forced expiratory flow 25% to 75% (FEF25% - 75%): The average rate of flow 
between the 25% and 75% volume point of a FVC. The lung function value Z 
scores were computed based on height, age, sex and ethnicity of children using 
the Global Lungs Initiative (GLI) equations [46]. 

2.4. Children’s Family Socioeconomic Status 

Children’s parents were asked about their current address (street number and 
post code). Post codes and street addresses was used to determine the value of 
the property as an indication of socioeconomic status of a family using the Scot-
land based council tax bands system which categorises all property into eight 
bands (A-H). The council tax bands for the homes of the participants are public 
domain data and were obtained from Aberdeen City Council [47]. These bands 
were clustered into three groups low (A to C), moderate (D to E) and high (F to 
H), and also replaced by a number (1 - 7 for council tax bands A-G) respectively 
for calculating the mean for each school individually which were used to assess if 
there is any relationship between children’s consumption of F & V and socioe-
conomic status. 

2.5. Statistical Analysis 

Data from the questionnaires and HP measurements were coded, using Micro-
soft Excel, and imported later to SPSS, version 22. The average weekend and 
week day F & V intakes were determined and used in all analysis. Data were 
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examined for normality before analysis using the Shapiro-Wilks test (p-value > 
0.05) and visually by a histogram and Q-Q plot. Log transformations were per-
formed where necessary prior to analysis to attain normality. Measurements on-
ly were excluded if they had an incomplete test such as insufficient exhalation in 
the spirometry test. All parameters in the study were reported as mean, standard 
deviation, maximum, minimum, and the total percentage of some variables. 
Paired t-tests were used to test for differences between mean F & V intake meas-
ured over the weekend and week days. Two-way ANOVA was used to compare 
mean difference between independent variables (F & V intake, sex or age) on 
dependent variable (such as weight) or if there was an interaction/effect between 
two independent variables on dependent variable. A Tukey post-hoc test was 
used to determine which means are significantly different from each other when 
significant differences were found by ANOVA. Multiple regression analysis was 
performed with given health parameters as the dependent variables and several 
independent variables (F & V intake, age, sex and schools) to establish a model 
that predicted any changes in the health markers to increased F & V intake. A 
significant level of 0.05 was used. 

3. Results 
3.1. General Characteristics of Pupils 

The general characteristics of pupils are shown in Table 1. Based on children’s 
BMI-percentile the majority were classified as normal weight (82.8%). In total, 
(6.9%) of children were obese, (7.3%) were overweight, (2.8%) were underweight 
and for 0.2% the data were missing due to children exerting their right not to 
participate in the measurement. 

3.2. Demographic and Socio-Economic Characteristics 

The majority of households consisted of 2 adults (86%) and 2 children (52.3%). 
Children from Aberdeen City and Aberdeenshire lived in property values based 
on the council tax bandings as follows; Low (36.5%), moderate (34.1%) and high 
(21.7%) indicating that most children lived in less affluent areas. For approx-
imately 7.1% of children we failed to determine their postcode. In total 93.5% of 
children’s fathers and 81.3% of mothers were employed. The highest proportion 
of fathers (38.5%) had obtained college level education, with (36.6%) attending 
University, while (32.0%) of mothers had completed a college education with the 
highest proportion attending University (49.6%). Demographic characteristics of 
the participants are shown in Table 2. 

3.3. Parent’s Perspective of F & V Intake 

A large percentage (94.2%) of parents were aware of the government initiative 
(5-a-day) for consuming F & V with, the majority rating 5-a-day as “Just right” 
(86%). Despite this, only 56.6% of parents thought that 5 or more portions of F 
& V should be eaten daily by their children. 236 of the parents were asked to re- 
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Table 1. General health characteristics of pupils participating in F & V study. 

 N Boys N Girls N Overall  

Characteristic  Mean ± SD  Mean ± SD  Mean ± SD Min - Max 

Age (decimal years) 216 8.7 ± 2.0 250 8.5 ± 1.9 466 8.5 ± 1.97 4.5 - 13.2 

Weight (kg) 216 30.5 ± 9.0 249 29.0 ± 7.8 465 29.6 ± 8.41 14.5 - 65.0 

Height (cm) 216 131.9 ± 12.4 250 130.0 ± 12.2 466 130.8 ±12.27 101.0 - 165.0 

Body composition  
(fat %) 

170 20.8 ± 5.98 204 21.9 ± 5.43 374 21.43 ± 5.70 5.00 - 43.70 

BMI-percentile (%) 216 56.6 ± 30.0 249 53.5 ± 27.7 465 54.97 ± 28.75 5.00 - 99.0 

Systolic blood  
pressure (mm Hg) 

201 105.0 ± 10.0 231 105.0 ± 13.0 432 104.8 ± 11.65 63 - 140 

Diastolic blood  
pressure (mm Hg) 

202 65.0 ± 10.8 231 65.7 ± 11.0 433 65.36 ± 10.89 35 - 100 

Pulse (BPM) 202 86.3 ± 12.5 232 87.3 ± 12.6 434 86.82 ± 12.53 45 - 122 

Waist circumference 
(cm) 

172 58.9 ± 7.6 211 56.6 ± 6.5 383 57.59 ± 7.08 43 - 89 

Hip Circumference  
(cm) 

173 66.7 ± 8.9 212 66.4 ± 8.2 385 66.54 ± 8.52 48 - 94 

Waist to Hip ratio  
(%) 

172 0.88 ± 0.05 211 0.85 ± 0.05 383 0.86 ± 0.51 0.67 - 0.96 

Waist to Height ratio  
(%) 

172 0.45 ± 0.04 210 0.43 ± 0.04 382 0.44 ± 0.41 0.33 - 0.58 

FEV1 (Z-score)* 185 −0.18 ± 1.54 203 −0.13 ± 1.54 388 −0.16 ± 1.54 −3.62 - 4.49 

FVC (Z-score)* 186 0.42 ± 2.19 210 0.80 ± 2.25 396 0.62 ± 2.23 −3.55 - 8.14 

FEV1/FVC (Z-score)* 186 −0.66 ± 1.33 215 −1.03 ± 1.31 401 −0.86 ± 1.33 −3.8 - 2.20 

FEF2575 (Z-score)* 181 −0.60 ± 0.89 201 −0.91 ± 0.90 382 −0.76 ± 0.91 −3.15 - 1.41 

BMI-percentile, Body Mass Index-expressed as a percentile relative to child’s age and gender, mm Hg, mil-
limeter of mercury, BPM, beat per minute, FEV1, forced expiratory volume in 1 second, L, FVC, forced vi-
tal capacity, FEV1/FVC, proportion of forced expiratory volume in 1 second and forced vital capacity, 
FEF2575, forced expiratory flow (25 – 75%), Z-score *, statistical measurement of a score’s relationship to 
the mean in a group of scores. 

 
port on the barriers for not having more portions of F & V in their child’s diet. 
The highest barriers was the child does not like the taste of F & V (n = 106, 
44.92%), spoil too quickly (n = 58, 24.58%) and cost too much (n = 55, 23.31%), 
(Figure 1(a)). Perceived barriers differed dependent on the council tax bands for 
children’s family (Figure 1(b)). 

3.4. Children’s F & V Intake 

The average F & V intake was 4.50 ± 1.86 portions per day. No significant dif-
ferences in F & V intake were found between girls and boys (t(464) = −0.397, p =  
0.69). There were also no sex differences in both fruit intake (t(464) = 0.19, p = 
0.85) and vegetable intake (t(464) = −1.06, p = 0.29). No significant sex differences 
were found in juice intake (any 100% fresh fruit/vegetables juice), food contain-
ing fruit and vegetable intake (any food that contains fruit such as pies or vege- 
tables such as soup) (p > 0.05). Tables 3(a)-(c) respectively, show the average 
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Table 2. Demographic characteristics of pupils participating in F & V study by n and %. 

Number of adults in 
household 

1 2 3 4 

29 (7.8) 319 (86) 15 (4) 8 (2.2) 

Number of children in 
household 

1 2 3 4 5 6 

81 (21.8) 194 (52.3) 84 (22.6) 9 (2.4) 1 (0.3) 2(0.5) 

Property Value according to  
council tax bands 

Low ( A to C) Moderate (D to E) High (F to H) Missing 

170 (36.5) 159 (34.1) 101 (21.7) 36 (7.7) 

Education level  
for parents 

School College University Postgraduate 

Father’s Education level 80 (21.7) 142 (38.5) 135 (36.6) 12 (3.3) 

Mother’s Education level 55 (14.9) 118 (32) 183 (49.6) 13 (3.5) 

Father’s Employment status Employed 346 (93.5) Unemployed 24 (6.5) 

Mother’s Employment  
status 

Employed 300 (81.3) Unemployed 69 (18.7) 

Parents Employment status 

Both employed 
parents 

One employed 
parent 

Not collected Unknown 

284 (60.9) 77 (16.5) 81 (17.4) 24 (5.2) 

 
results from the combined 2 days of recording and separate week day and 
weekend day for F & V intake for boys, girls and combined. 197 (42.2%) child-
ren out of 466 achieved the recommended F & V intake of greater than or equal 
to 5 portions per day. 

Children had a higher F & V intake, fruit intake, vegetable intake and juice 
intake during the week day than weekend day (Paired T-test: total: t(465) = −6.42, 
p ≤ 0.001, fruit intake: t(465) = −5.93, p ≤ 0.001, vegetable intake: t(464) = −2.15, p = 
0.032, juice intake: t(465) = −2.76, p = 0.006. There was no significant difference in 
week day intake (t(464) = −0.805, p = 0.42) or weekend day intake (t(464) = 0.109, p 
= 0.91) between boys and girls. There was no association between children’s age 
and their intake of F & V over total two days (F(3,462) = 1.295, p = 0.27) or either 
week day (F(3,462) = 1.571, p = 0.19) or weekend day (F(4,462) = 0.635, p = 0.59). 
There was no significant interaction between age and sex on intake over both 
week day (F(3,458) = 0.947, p = 0.41) or weekend day (F(3,458) = 0.972, p = 0.40). 
When intake was separated into different components there were a significant 
age differences in fruit intake during week day (F(3,462) = 3.027, p = 0.02). Post- 
hoc Tukey tests indicated that children aged 6-8 years old had significantly 
higher fruit intake during week day (2.55 ± 1.74) than children aged 8-10 years 
old (2.03 ± 1.24). However, no age differences was found in fruit intake at the 
weekend (F(3,462) = 2.531, p = 0.08). No sex differences in fruit intake were found 
in week day; (t(464) = −0.593, p = 0.55), or weekend day; (t(464) = 0.999, p = 0.32). 

The same was true of vegetable intake as there were no significant age differ-
ences during week day (F(3,461) = 0.446, p = 0.72) or weekend day (F(3,462) = 0.447, 
p = 0.72) or between boys and girls (week day; t(463) = −0.931, p = 0.35, weekend 
day; t(464) = −0.780, p = 0.43). The difference in the mean intake of F & V for 
week day and weekend day is shown in Figure 2. 
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(a) 

 
(b) 

Figure 1. (a) Parents views on the general barriers for not having more portions of F & V 
in their child’s diet; (b) Parents views on the barriers for not having more portions of F & 
V in their child’s diet according to socioeconomic status (council tax bands A to H: with 
A lowest). 

3.5. The Differences in F & V Intake between Schools 

Significant differences in F & V intake were found between schools (One-way 
ANOVA: F(16,449) = 2.941, p < 0.001). The average over all schools ranged from 
consumption of 2.50 portions ± 2.31 to 6.13 portions ± 2.45 a day. The socioe-
conomic status of children’s family (based on council tax bands at each school) 
had a statistical positive relationship with mean children’s intake of F & V (Li-
near regression: F(1,15) = 4.843, p = 0.044, r2 = 0.24), (Figure 3). 

3.6. Effects of Parental Education/Employment Status 

Maternal education level had no significant association with children’s total F & 
V intake, on either week or weekend days (One-way ANOVA: total; F(3,365) = 
0.68, p = 0.56, week day; F(3.365) = 0.63, p = 0.59, weekend day; F(3,365) = 0.48, p = 
0.69). Likewise father’s education did not show any significant correlation with 
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Table 3. (a) Average daily F & V intake recorded over two days in primary school child-
ren; (b) F & V on Week day in boys and girls; (c) F & V over weekend day in boys and 
girls. 

(a) 

Sex 
Boys 

(n = 216) 
Girls 

(n = 250) 
Overall 

(n = 466) 

Characteristic Mean ± SD Mean ± SD Mean ± SD 

Total F & V (#/day) 4.46 ± 1.76 4.52 ± 1.94 4.50 ± 1.86 

Vegetable (#/day) 1.43 ± 1.01 1.53 ± 1.02 1.49 ± 1.02 

Fruit (#/day) 2.04 ± 1.15 2.02 ± 1.26 2.03 ± 1.21 

Juice (#/day) 0.58 ± 0.60 0.61 ± 0.64 0.59 ± 062 

Fruit food (#/day) 0.17 ± 0.33 0.14 ± 0.33 0.15 ± 0.33 

Vegetable food (#/day) 0.23 ± 0.41 0.21 ± 0.33 0.22 ± 0.37 

(b) 

Sex 
Boys 

(n = 216) 
Girls 

(n = 250) 
Overall 

(n = 466) 

Characteristic Mean ± SD Mean ± SD Mean ± SD 

Total F & V (#/day) 4.18 ± 2.05 4.17 ± 2.24 4.17 ± 2.16 

Vegetable (#/day) 1.37 ± 1.23 1.46 ± 1.29 1.41 ± 1.26 

Fruit (#/day) 1.89 ± 1.32 1.76 ± 1.37 1.82 ± 1.35 

Juice (#/day) 0.53 ± 0.66 0.56 ± 0.72 0.55 ± 0.69 

Fruit food (#/day) 0.13 ± 0.35 0.12 ± 0.39 0.12 ± 0.37 

Vegetable food (#/day) 0.25 ± 0.54 0.24 ± 0.51 0.25 ± 0.52 

(c) 

Sex 
Boys 

(n = 216) 
Girls 

(n = 250) 
Overall 

(n = 466) 

Characteristic Mean ± SD Mean ± SD Mean ± SD 

Total F & V (#/day) 4.73 ± 2.14 4.88 ± 2.11 4.81 ± 2.12 

Vegetable (#/day) 1.50 ± 1.19 1.60 ± 1.19 1.56 ± 1.19 

Fruit (#/day) 2.19 ± 1.42 2.27 ± 1.54 2.23 ± 1.48 

Juice (#/day) 0.62 ± 0.73 0.66 ± 0.74 0.64 ± 0.73 

Fruit food (#/day) 0.20 ± 0.46 0.16 ± 0.43 0.18 ± 0.44 

Vegetable food (#/day) 0.20 ± 0.47 0.18 ± 0.39 0.19 ± 0.43 

 
children’s intake on total F & V intake and weekend day (One-way ANOVA: to-
tal; F(3,365) = 2.41, p = 0.06, weekend day; F(3,365) = 2.03, p = 0.10) but there was a 
marginally significant effect on week day; (F(3.365) = 2.91, p = 0.03). Post-hoc Tu-
key tests indicated that children of university educated fathers had significantly 
higher intake of week day F & V (5.34 ± 2.15, p = 0.028) than children whose fa-
thers highest level of education was high school (4.50 ± 2.06, p = 0.028). 

Children of employed mothers had higher week day F & V intake (Two-sam- 
ple-T-test: week day; t(366) = −2.18, p = 0.03) but not for their total and weekend 
day F & V intake (Two-sample-T-test: total; t(366) = −1.39, p = 0.16, weekend day; 
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Figure 2. F & V intake on week day and weekend day. (M ± SE) Asterisks denote signifi-
cant differences. 

 

 
Figure 3. Scatter plot of the relationship between the mean of F & V intake and council 
tax bands at each schools with ± SE. 
 
t(366) = −0.23, p = 0.81). Father’s employment status showed no association with 
children’s intake for total, week day and weekend day (Two-sample-T-test: total; 
t(368) = −0.77, p = 0.44, week day; t(368) = −1.26, p = 0.20, weekend day; t(368) = 
−0.07, p = 0.94). Children whose parents were both employed had higher week 
day F & V intake (5.10 ± 2.12) in comparison with children who had only parent 
in employment (4.38 ± 2.14), (Two-sample-T-test: week day; t(359) = 2.63, p = 
0.009). 

No differences were found in children’s total and weekend day F & V intake 
(Two-sample-T-test: total; t(359) = 1.82, p = 0.07, weekend day; t(359) = 0.53, p = 
0.59) whose parents were both employed. 

3.7. Association between Property Value as an Indication of  
Socioeconomic Status and Children’s Intake of F & V 

There was a significant association between high council tax bands (council tax 
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band: F-G-H) and total as well as weekend day intakes of F & V in children (to-
tal: F(2,427) = 4.60, p = 0.010, weekend day: F(2,427) = 4.41, p = 0.01). However, 
children’s week day F & V intake was not associated with the value of the prop-
erty where the children lived (week day: F(2,427) = 2.52, p = 0.08). 

Post-hoc Tukey tests indicated that F & V intake during both week and 
weekend days in children living in high property value (council tax band: F-G- 
H) were significantly higher (4.91 ± 2.01, p = 0.008) in comparison with children 
living in low property value (council tax: A-B-C) (4.23 ± 1.76). After examining 
the weekend day separately, Post-hoc Tukey tests indicated that children living 
in high value properties (council tax band: F-G-H) had significantly higher in-
takes than those living in low value properties on weekend days (4.63 ± 2.40, p = 
0.011) (3.86 ± 1.87). 

3.8. The Association between Children’s F & V Intake and Number 
of Children/Adults Household 

Total, week day and weekend day F & V were not significantly related to the 
number of children in the household (One Way ANOVA total: F(4, 366) = 1.21, p = 
0.30, week day: F(4, 366) = 1.60, p = 0.17, weekend day: F(4, 366) = 0.43, p = 0.78). 
When examining the relationship separately with fruit intake and vegetable in-
take, there was no significant association found for total, week day and weekend 
day (p > 0.05 for all comparisons). Likewise, there was no significant association 
found when assessing the relationship of total F & V intake, fruit intake and veg-
etable intake with number of adults in the house (p > 0.05 for all comparisons). 

3.9. The Association between F & V Intake and HP 

A multiple regression analysis was used to determine if there was any association 
between the level of F & V intake and markers of health after adjusting for sex, 
age and school. Multiple regression analysis results for total F & V intake, fruit 
intake and vegetable intake are presented in Table 4. 

All four variables (F & V, age, sex and school) added significantly to the pre-
diction, p < 0.05. Children that consumed more F & V were taller (F(4, 461) = 
170.996, p < 0.001, r2 = 0.53) and had improved forced expiratory volume in one 
second (FEV1-Z) (F(4, 383) = 3.411, p = 0.009, r2 = 0.03) and forced vital capacity 
(FVC_Z) (F(4, 391) = 9.677, p < 0.001, r2 = 0.09). Other significantly improved 
health markers related to F & V intake included reduced body weight (F(4, 460) = 
91.071, p < 0.001, r2 = 0.44), reduced body fat (F(4, 369) = 3.464, p = 0.009, r2 = 
0.03), systolic blood pressure (F(4, 427) = 5.739, p < 0.001, r2 = 0.05), pulse (F(4, 429) 
= 6.721, p < 0.001, r2 = 0.05), waist circumference (F(4, 378) = 39.401, p < 0.001, r2 
= 0.29), hip circumference (F(4, 380) = 53.845, p < 0.001, r2 = 0.36), WHR (F(4, 378) = 
3.195, p = 0.013, r2 = 0.03) and WHtR (F(4, 377) = 10.652, p < 0.001, r2 = 0.10). 
There was however a significant reduction in the total volume of air that can be 
forcibly expired in one breath (FEV1/FVC-Z) (F(4, 396) = 4.295, p = 0.002, r2 = 
0.04) and forced expiratory flow 25% to 75% (FEF25-75_Z) (F(4, 377) = 5.717, p < 
0.001, r2 = 0.05). 

When examined separately, children who consumed more fruit were taller  
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Table 4. Multiple regression analysis results for total F & V intake combined or indivi-
dually are presented. 

HP versus total F & V R-Squared P-value 

Weight (kg) 0.442 <0.001 

Height (cm) 0.539 <0.001 

Body composition (%) 0.036 0.009 

BMI-percentile (%) 0.013 0.193 

SYS BP (mm Hg) 0.051 <0.001 

DIAS BP (mm Hg) 0.013 0.243 

Pulse (bpm) 0.059 <0.001 

Waist circumference (cm) 0.294 <0.001 

Hip Circumference (cm) 0.362 <0.001 

Waist to Hip ratio (%) 0.033 0.013 

Waist to Height ratio (%) 0.102 <0.001 

FEV1 (Z-score)* 0.034 0.009 

FVC (Z-score)* 0.090 <0.001 

FEV1/FVC (Z-score)* 0.042 0.002 

FEF2575 (Z-score)* 0.057 <0.001 

HP versus fruit intake R-Squared P-value 

Weight (kg) 0.442 <0.001 

Height (cm) 0.596 <0.001 

Body composition (%) 0.033 0.015 

BMI-percentile (%) 0.009 0.389 

SYS BP (mm Hg) 0.050 <0.001 

DIAS BP (mm Hg) 0.012 0.285 

Pulse(bpm) 0.056 <0.001 

Waist circumference (cm) 0.294 <0.001 

Hip Circumference (cm) 0.360 <0.001 

Waist to Hip ratio (%) 0.100 <0.001 

Waist to Height ratio (%) 0.140 <0.001 

FEV1 (Z-score)* 0.034 0.009 

FVC (Z-score)* 0.093 <0.001 

FEV1/FVC (Z-score)* 0.037 0.004 

FEF2575 (Z-score)* 0.060 <0.001 

HP versus vegetable intake R-Squared P-value 

Weight (kg) 0.442 <0.001 

Height (cm) 0.596 <0.001 

Body composition (%) 0.035 0.011 

BMI-percentile (%) 0.010 0.345 
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Continued  

SYS BP (mm Hg) 0.053 <0.001 

DIAS BP (mm Hg) 0.016 0.130 

Pulse(bpm) 0.072 <0.001 

Waist circumference (cm) 0.299 <0.001 

Hip Circumference (cm) 0.369 <0.001 

Waist to Hip ratio (%) 0.032 0.014 

Waist to Height ratio (%) 0.111 <0.001 

FEV1 (Z-score)* 0.035 0.009 

FVC (Z-score)* 0.092 <0.001 

FEV1/FVC (Z-score)* 0.044 0.001 

FEF2575 (Z-score)* 0.054 <0.001 

Z-score*, statistical measurement of a score's relationship to the mean in a group of scores. 

 
(F(4, 461) = 170.366, p < 0.001, r2 = 0.59), and had increased waist circumference 
(F(4, 378) = 39.390, p < 0.001, r2 = 0.29), WHR (F(4, 377) = 10.420, p < 0.001, r2 = 
0.10) and WHtR (F(4, 377) = 10.420, p < 0.001, r2 = 0.10), while also having a re-
duced weight (F(4, 460) = 91.147, p < 0.001, r2 = 0.44), reduced body fat (F(4, 369) = 
3.109, p = 0.015, r2 = 0.03), systolic blood pressure (F(4, 427) = 5.610, p < 0.001, r2 = 
0.05), pulse (F(4, 429) = 6.357, p < 0.001, r2 = 0.05), hip circumference (F(4, 380) = 
53.437, p < 0.001, r2 = 0.36), FVC_Z (F(4, 391) = 10.023, p < 0.001, r2 = 0.09), 
FEV1-Z (F(4, 383) = 3.410, p = 0.009, r2 = 0.03), FEV1/FVC-Z (F(4, 396) = 3.847, p 
= 0.004, r2 = 0.03) and FEF2575_Z (F(4, 377) = 5.968, p < 0.001, r2 = 0.06). 

When the association was examined for only vegetable intake, there was a sig-
nificant correlation with increased height (F(4, 461) = 170.198, p < 0.001, r2 = 0.59), 
FEV1-Z (F(4, 383) = 3.431, p = 0.009, r2 = 0.03), and FVC_Z (F(4, 391) = 9.885, p < 
0.001, r2 = 0.09), and similar reductions weight (F(4, 460) = 91.137, p < 0.001, r2 = 
0.44), body composition (F(4, 369) = 3.340, p = 0.011, r2 = 0.03), systolic blood 
pressure (F(4, 427) = 5.945, p < 0.001, r2 = 0.05), pulse (F(4, 429) = 8.361, p < 0.001, r2 
= 0.07), waist circumference (F(4, 378) = 40.398, p < 0.001, r2 = 0.29), hip circum-
ference (F(4, 380) = 55.460, p < 0.001, r2 = 0.36), WHR (F(4, 378) = 3.122, p = 0.015, r2 
= 0.03), WHtR (F(4, 377) = 11.764, p < 0.001, r2 = 0.11), FEV1/FVC-Z (F(4, 396) = 
4.609, p = 0.001, r2 = 0.04) and FEF2575_Z (F(4, 377) = 5.333, p < 0.001, r2 = 0.05). 
This showed that both F & V intake were positively correlated with aspects of the 
children’s health. Other HPs (notably BMI-percentile and diastolic blood pres-
sure) did not show any significant association with total F & V intake combined, 
or separately. 

4. Discussion 

The relationship between F & V intake and health parameters was examined in 
primary school children in Aberdeenshire, Scotland. The results revealed that 
the majority (57.8%) of children did not consume the recommended level of 5-a- 
day as advised by the WHO [3]. This result is similar to previous UK-based stu-
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dies [21] [48]. However, with 42.2% of children in the present study eating the 
recommended 5 a-day, our results were higher than the 14% reported by the 
Scottish Health Survey in 2 to 15-year-olds in 2015 [49]. This difference could be 
because the sample used here was not demographically representative of the 
whole of Scotland, with Aberdeenshire being relatively affluent. 

The mean intake in our study was 4.50 portions of F & V per day; higher than 
previously published in 2012 (2.7 portions per day) and in 2014 (2.8 portions per 
day) which also used similar survey methods [49] [50]. Consistent with the Scot-
tish Government report of 2015, we found no differences between boys and girls 
in their intake of F & V [49]. 

Children had a higher intake of F & V when combined or fruit, vegetable and 
juice intake individually, on the week day compared with during the Weekend 
day. This contrasts a recently published study showing that Czech young child-
ren, especially girls, consumed more fruit, vegetables and breakfast on weekend 
day [51]. 

A possible explanation for our finding might be related to the usual home 
availability of this type of food over the week day, or the child’s preferences. 
Supporting the present data, Lachapelle and colleagues showed a higher con-
sumption of F & V Monday to Friday among French children compared to over 
the weekend day [52]. A second interpretation for the higher intake of F & V 
during week day may be related to the parental intake of F & V, as it was shown 
previously that parental F & V intake correlates positively with children’s F & V 
intake [53], meaning that if children observed their parents consuming F & V at 
home, they ate more. School lunches obviously have a possible impact on F & V 
intake especially for those children who have lunch at school, as a balanced 
lunch meal containing F & V is always available to children [54], especially of 
primary age, and this may reflect the higher intake during the week day more 
than weekend day. A food standard for school lunches was introduced by Scot-
tish Health Survey in 2008 for improving Scottish children’s diet, particularly to 
increase F & V intake. “A choice of at least two types of vegetables and two types 
of fruit (not including fruit juice) must be provided every day as part of the 
school lunch.” This standard, undoubtedly, with other factors (e.g. parents’ en-
couragement), is believed to have an impact on approaching the recommended 
daily level by children if the levels of F & V in their snacks and dinner are main-
tained [55]. 

A range of factors were expected to influence children’s F & V intake, includ-
ing parental educational level, the employment status of both parents, number of 
adults/children per household and council tax band (socioeconomic status). The 
educational level of the fathers was not positively associated with total and 
weekend day F & V intake in children. However, children of university educated 
fathers had increased week day F & V intake, as has been observed previously 
[56]. Maternal education level was not related to F & V intake, This result is in 
agreement with a Chinese case study in Hong Kong in 2010 among children and 
their mothers from around 10 primary schools [57] but contradictory to a study 
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in 2014 which found that children with a high socioeconomic status (particularly 
highly educated mothers) ate more F & V than children with low socioeconomic 
status (low-educated mothers) [53]. 

Regardless of the effect of employment status/education level on F & V intake, 
socioeconomic factors are recognised to have a major impact on diet choice [58] 
and lower status may lead to a poor intake of healthy food, including F & V in 
children. We also found that socioeconomic status (property value) was a signif-
icant factor in the present study, supporting these previous findings. It was pre-
viously reported that poor diet choices were linked to families who live in low- 
income areas, and most of the healthy food, such as F & V, were consumed by 
families who are higher in socioeconomic status [58] [59]. Furthermore, the 
current study addressed determinants for not eating the recommended level of 
five portions of F & V by children in a socio-economic context (e.g. people living 
in deprived areas and on low income), as similar findings were previously re-
ported in qualitative studies among adults [60], British young adults age 18-24 
years old [61], among both children and adults [62], and quantitative studies of 
Portuguese high school students [63]. These determinants were: cost, lack of 
access to F & V, too much time to prepare, disliking the taste of F & V, home 
availability, and food preferences. 

Increased intake of F & V showed a correlation with improvements in many 
HP in our study. Studies on the relationship between F & V and HP in children 
are uncommon, although information was available for adults. An increase in F 
& V intake was associated with a reduction in children’s weight. These results 
were in accordance with recent publications reporting a negative relationship 
between F & V intake and body weight in women aged 20 - 60 years old [28], 
young-middle and older adults [64] [65] and children (7 and 15 years old) [66]. 
Also examining fruit on its own, (children (1 - 5 years old) [33] and adults (30 - 
75 years old) [67] and vegetables on their own were correlated with reduced 
weight [67]. 

BMI-percentile was not associated with F & V intake, combined or separately, 
and this finding was consistent with results from previous studies for F & V in-
take and fruit intake in both children (8 - 9 years old) [68], preschool children 
[69], 9 - 14 years olds [13] and adults (undergraduate students) [70]. However, 
contradictory to our findings a Spanish study of children and adolescents age 6 - 
18 years old found a reduction in BMI-SDS among the obese group (n = 184) 
not the control group (n = 185) with total dietary antioxidant capacity (TAC). 
BMI was also previously reported to be inversely related to only vegetable intake 
in children and adolescents [13] which was inconsistent with the lack of associa-
tion found here. 

Although we found no association between BMI and F & V intake there was a 
significant association with body fat. In a previous study of adults , it was re-
ported that increased F & V intake, in addition to calorie reduction, aided loss of 
body fat and weight among individuals aged 19 - 50, and this result was based on 
serum carotenoid concentrations (a biomarker of F & V intake) [71]. Results 
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from two studies conducted in 2010 and 2014 in children confirmed a negative 
association between only vegetable intake [72] or food high in antioxidants e.g. F 
& V (with only obese children) [66] and body fat. Studies to determine the asso-
ciation between increasing F & V intake and losing body fat among children 
possibly is still under examination by others. Similar results revealed that waist 
circumference [73], hip circumference, WHtR and WHR [66] were all negatively 
associated with increased F & V intake. These effects were not previously re-
ported in studies where these parameters were measured for example in young 
women aged 18 - 28 years [74] or in preschool children 3-6 years old [69]. How-
ever, increased in WC, WHR and WHtR was observed with increased fruit in-
take which was not expected. The separate and opposite associations of vegetable 
intake and fruit intake with WC, WHR and WHtR requires confirmation. 

Consistent with several recent studies for adults and children, systolic blood 
pressure [37] [38] [39] [61] [64] [75] and pulse rate (heart rate) [66] were corre-
lated with greater intake of vegetables and fruit. No change was observed in di-
astolic blood pressure with increasing F & V intake combined or individual in 
this study, which was unexpected but may have occurred because the current F 
& V intake among our participants was not reaching the recommended level or 
above to promote positive health benefits. The relationship between the pulse, 
diastolic blood pressure, and children’s intake of F & V is still unclear, and more 
research related to this area is needed. Better pulmonary function (FEV1, FVC) 
was significantly correlated with F & V intake combined or separately with only 
vegetable intake. Much research has investigated this relationship, with the ma-
jority agreeing that combined F & V intake, particularly citrus fruits, is positively 
correlated with lung function (FEV1-FVC) among adults in both a cohort study 
[76] and a cross-sectional study [77] [78], as well as among children in a cross- 
sectional study [40], and a cohort study [42]. 

However, low fruit intake was associated with reductions in all of the parame-
ters of pulmonary function, and these findings were similar to those reported 
previously in children [41], where they have been ascribed to lower intake of an-
tioxidant vitamins (C, E, A) (which were examined by food frequency question 
based on nutrients intake estimation between diet with/without supplementa-
tion). The negative significant (defects) result in some of the pulmonary func-
tion related to F & V combined or separately (FEV1%-FEF2575) perhaps be-
cause our participants had less intake of antioxidant vitamins which were not 
examined in our FVIQ. These vitamins are mostly obtained from diet (e.g. in-
cluding F & V) or supplementation. It showed how it is positively had pulmo-
nary function improvements on studies conducted in the UK among adults 18 - 
70 years old [79] and adolescents 11 - 19 years old [41]. 

5. Conclusion 

Children we studied had high intakes of F & V relative to previous surveys in the 
UK but most still did not meet the recommendation of 5 a day. With a positive 
correlation between health related parameters and increased F & V intake, this 
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suggests that promotion of F & V is warranted, although we should always bear 
in mind this was a cross sectional study and associations do not prove causality. 
In addition, given some of the associations were negative; the links are complex 
and need further study. While the benefits of increasing F & V are well docu-
mented after children reach adolescence and adulthood there is relatively little 
information regarding impacts on children. 
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