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Abstract
Objectives: To examine the association between fruit and vegetable (FV) consumption and muscle strength and power in an
adolescent population. Methods: We conducted a cross-sectional analysis among 1019 boys and 998 girls, aged 12 and 15 years,
who participated in The Young Hearts Project. FV consumption (excluding potatoes) was assessed by 7-d diet history. Grip
strength and jump power was assessed with a dynamometer and Jump-MD meter, respectively. Associations between FV consumption and strength and power were assessed by regression modelling. Results: Boys and girls with the highest FV intakes
(>237.71 g/d and >267.57 g/d, respectively, based on the highest tertile) had significantly higher jump power than those with the
lowest intakes (<135.09 g/d and <147.43 g/d, respectively), after adjustment for confounding factors. Although girls with the
highest FV intakes had higher grip strength than those with the lowest intakes, no significant independent associations were
evident between FV intake and grip strength in boys or girls. Similar findings were observed when FV were analysed separately.
Conclusions: Higher FV consumption in this group of adolescents was positively associated with muscle power. There was no
independent association between higher FV consumption and muscle strength. Intervention studies are required to determine
whether muscle strength and power can be improved through increased FV consumption.
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Background

FV
YH
BMD
BMC

Adolescence is a dynamic period of growth and development, characterised by marked changes in body size, muscle
strength and power, and bone mass. Increasing evidence suggests that muscle strength and power are important determinants of bone mass and strength1,2. Previous studies of
adolescents have reported positive relationships between muscle strength and/or power and bone mineral density (BMD) or
bone mineral content (BMC)3,4. In a previous analysis of the
Young Hearts (YH) study data we also found an association
between poor muscle strength and increased fracture risk in
children5. Poor muscle strength has also been associated with
increased risk of sports injuries in children6.
Dietary intake, particularly during adolescence, is critical
for muscle strength and development7. However, much of the
evidence to date in this age group has focused on the role of
nutrient intake on the skeletal system8-10 rather than the muscular system. Since adolescence represents a period of rapid
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bone and muscle mass accumulation, a clearer understanding
of the role of diet in muscle strength during this period is required. Dietary and other lifestyle influences acting during
childhood can have a lifelong impact on muscle mass, muscle
strength and future fracture risk11. More specifically, accumulating observational evidence suggests that fruit and vegetable
(FV) intake and/or intakes of nutrients associated with a FVrich diet, such as carotenoids may be associated with improved
physical function and/or muscle strength12-15. However, to our
knowledge, all of the studies to date have been conducted in
older adults. No population-based studies have examined the
relationship between FV consumption and muscle strength and
power during the adolescent period.
Although the exact mechanism through which FV may influence muscle strength is not yet clear, it may be related to
their high antioxidant content offering protection against oxidative stress and inflammation13,14, their alkaline salt content
which may act as a buffer against excess acid16 and the presence
of nitrates in FV which may improve muscle contraction17,18.
Based on the current low consumption of FV in adolescence19, the limited research to date regarding the association
between FV consumption and muscle function, and the fact
that the evidence focuses on older adults, the aim of the current
study was to examine the relationship between habitual FV
consumption and objective measures of muscle strength and
power in a large, representative population of adolescents.

Methods

and more specifically to assess FV intake. Participants verbally
recalled their weekly food intake by reporting the frequency,
amounts and methods of preparation of foods consumed. In
relation to FV intake, participants reported whether FV were
fresh, frozen, tinned, dried or pureed. Amounts of foods were
reported as household measures (e.g. 1 tablespoon) or natural
measures (e.g. 1 slice). A photographic food atlas of known
portion sizes and standard UK Food Portion Sizes21 were also
used to quantify intakes. Following completion of the diet history, all food amounts were converted into g. Energy and nutrient intakes were calculated using a computerized food
analysis database based on UK food composition tables
(WISP, Tinuviel Software, Warrington, UK). A food file was
also created from the food analysis database which included a
record of all foods consumed by each participant and corresponding weights. From this, individual foods and weights
were condensed and categorised into food groups and total
fruit intake and total vegetable intake (both g/day) were calculated. One portion of fruit or vegetables is normally considered to be 80 g (for an adult)22 although this varies according
to country and type of fruit or vegetable. In the UK, a child’s
portion of FV is based on a handful of FV rather than a
weight22. Foods were defined as a fruit or vegetable according
to Department of Health guidelines22, with vegetable-based
soups included in vegetable intake, fruit juices included in fruit
intake and potatoes excluded from vegetable intake. Supplement use was assessed in a separate self-report questionnaire
and was not included in the dietary intake analyses.

Study design

Assessment of muscle strength and power

The results from this study are based on data collected as
part of the YH2000 study. YH2000 is the second in a series of
large cross-sectional epidemiological studies carried out in
Northern Irish adolescents. The study design has been described elsewhere20. In brief, 3147 boys and girls aged 12 and
15 years were randomly selected from 36 post-primary schools
in Northern Ireland between 1999 and 2001. The chosen
schools were stratified according to education area board and
school selection policy (i.e. grammar and non-grammar
schools). From each stratum, a two-stage cluster sample of
children was obtained, with the probability of selection proportional to the size of the school. Of the 3147 boys and girls
randomly selected from the schools, 2017 (1019 boys, 998
girls) gave consent to participate. Ethical approval was obtained from the Research Ethics Committee of Queen’s University Belfast, and written informed consent obtained from
all participants and their parents or guardians prior to participation. All participants were seen at school and the data was
collected on one occasion, during normal school hours and
during the normal academic year for post-primary schools in
Northern Ireland (i.e. September – June).

Isometric grip strength was assessed using a hand-held dynamometer (Takei Scientific Instruments Limited, Japan). Each
participant was asked to stand with their arms held straight by
their sides and to grip the handle of the dynamometer as hard
as possible for three seconds, without body contact and without
flexion of the elbow. Measurements (in kg force) were repeated
twice with each arm, with the highest of the recorded measurements being used in analyses. Maximal vertical jump power
was measured using a Jump-MD meter (Takei Scientific Instruments Limited, Japan). Each participant stood in the centre of
the test mat with the display unit attached around their waist.
The participant performed a counter movement jump, as high
as possible, with free arm movement and landing with two feet
on the mat. The best of two attempts (in cms) was recorded.

Dietary intake assessment
Dietary data were obtained using a nutritionist-administered
7-day diet history. This involved an open-ended one-to-one interview to ascertain the habitual food intake of each participant
368

Anthropometry and lifestyle measurements
Height was measured to the nearest millimeter using a stadiometer (Holtain Ltd, Crymych, Dyfed), weight was measured
to the nearest 0.1kg using calibrated electronic scales (Seca Ltd,
Hamburg). For both measurements, participants wore light indoor clothing and no shoes. BMI was calculated as weight (kg)
divided by height (m) squared and BMI-for-age z-scores were
derived for each participant using the World Health Organisation growth reference software23. Pubertal status of each participant was assessed by a paediatrician on the basis of visual
indicators including non-genital secondary hair growth, vocal
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Boys (nmax=1006)

Girls (nmax=995)

p valueb

12 year olds n (%)

525 (52%)

513 (52%)

0.78

15 year olds n (%)

481 (48%)

482 (48%)

0.78

Height (cm)

1.62 (0.12)

1.58 (0.78)

<0.001

Weight (kg)

52.91 (13.63)

53.04 (11.50)

0.82

BMI (kg/m )

19.98 (3.41)

21.11 (3.63)

<0.001

BMI z-score

0.19 (1.12)

0.40 (1.02)

< 0.001

Grip strength (kg)

26.87 (9.06)

21.48 (5.08)

<0.001

2

Vertical jump performance (cm)

44.17 (8.44)

37.13 (6.09)

<0.001

Physical activity scorec

29.97 (15.64)

20.56 (13.55)

<0.001

223 (22%)
780 (78%)

175 (18%)
816 (82%)

0.01

2991.15 (907.81)
2220
2755

2435.16 (768.05)
1845
2110

<0.001

82.79 (22.61)
42.1
55.2

67.94 (18.25)
41.2
45.0

<0.001

Calcium intake (mg/d)
RNIe 11-14 year olds (mg/d)
RNIe 15-18 year olds (mg/d)

1069.83 (400.66)
1000
1000

862.58 (327.48)
800
800

<0.001

Fruit intakef (g/d)
Vegetable intakeg (g/d)

143.71 (145.03)
72.33 (58.34)

166.14 (154.97)
72.23 (53.17)

0.001
0.97

Fruit and vegetable intake (g/d)
UK recommendations (adult) (g/d)h

216.04 (156.48)
400 g/d

238.37 (169.96)
400 g/d

<0.01

Self-reported alcohol consumer n (%)
Yes
No
Energy intake (kcal/d)
EARd 11-14 year olds (kcal/d)
EARd 15-18 year olds (kcal/d)
Protein intake (g/d)
RNIe 11-14 year olds (g/d)
RNIe 15-18 year olds (g/d)

Values are n (%) or mean (SD).
p value for difference between boys and girls (independent samples t-test)
c Highest possible activity score=100
d Estimated average requirement30
e Reference nutrient intake30
f Fruit intake included fruit juices
g Vegetable intake included vegetable-based soups and excluded potatoes
h UK Department of Health FV recommendations for adults22
a

b

Table 1. Descriptive characteristics of the study populationa.

timbre, body habitus, muscular development24. A self-report
questionnaire was used to obtain demographic information.
Socio-economic status was based upon the current or usual occupation of the head of the household, and classified according
to the Office of Population Censuses and Surveys25. Physical
activity (PA) was assessed using a self-administered 7-day recall questionnaire which estimated activity from routine events
including travel to and from school, school breaks, afterschool
activities, and PA during evenings and weekends26. Each PA
was scored and a total PA score out of 100 calculated.

Statistical analyses
Statistical analyses were performed using SPSS (version 17;
SPSS Inc., Chicago, US). Descriptive statistics were obtained

for each variable of interest according to sex. Continuous variables were normally distributed and summarised using mean
(SD). Gender comparisons were made using independent samples t-tests and chi-square analysis for continuous and categorical variables respectively. Bivariate correlation analyses were
conducted to examine the direction and magnitude of relationships between grip strength and other explanatory variables.
Sex-specific linear regression analyses were then undertaken
to examine associations between tertiles of FV intake and grip
strength. Fruit intake and vegetable intake were examined separately, as well as together, as other studies27-29, including a previous analysis of YH data8, found differing associations for fruit
versus vegetables and other health outcomes. Fruit intakes, vegetable intakes and combined FV intakes were grouped separately into tertiles using dummy variables, allowing
comparisons to be made between tertile 3 and tertile 2 and be369
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Grip strength (kg)
Boys
Categories

Difference in mean
(95% CI)

Vertical jump performance (cm)
Girls

Boys

p value Difference in mean
(95% CI)

p value Difference in mean
(95% CI)

Model 1
Tertile 3 (highest intake)a
Tertile 2
Tertile 1 (lowest intake)

Reference
-1.01 (-2.39,0.36)
0.42 (-0.96,1.81)

0.15
0.55

Reference
-0.89 (-1.66,-0.11)
-0.92 (-1.70,-0.14)

Model 2
Tertile 3 (highest intake)a
Tertile 2
Tertile 1 (lowest intake)

Reference
-0.39 (-1.12,0.35)
-0.57 (-1.31,0.17)

0.30
0.13

Model 3
Tertile 3 (highest intake)a
Reference
Tertile 2
-0.32 (-1.06, 0.42)
Tertile 1 (lowest intake) -0.43 (-1.18,0.31)
Model 4
Tertile 3 (highest intake)a
Reference
Tertile 2
-0.30 (-1.10,0.50)
Tertile 1 (lowest intake) -0.30 (-1.12,0..53)

Girls
p value Difference in mean
(95% CI)

p value

Reference
-1.02 (-2.33,0.28)
-0.75 (-2.06,0.57)

0.12
0.26

Reference
-0.83 (-1.77,0.12)
-1.16 (-2.10,-0.21)

0.09
0.02

Reference
-0.55 (-1.14,0.04)
-1.19 (-1.78,-0.60)

Reference
0.07 -0.85 (-1.91,0.21)
<0.001 -1.39 (-2.46,-0.33)

0.11
0.01

Reference
-0.74 (-1.67,0.19)
-1.22 (-2.16,-0.29)

0.12
0.01

0.39
0.26

Reference
-0.36 (-0.94,0.23)
-0.84 (-1.44,-0.24)

Reference
0.24 -0.72 (-1.78,0.33)
<0.01 -1.09 (-2.16,-0.02)

0.18
0.05

Reference
-0.46 (-1.38,0.46)
-0.67 (-1.61,0.27)

0.33
0.16

0.46
0.48

Reference
-0.11 (-0.75,0.54)
-0.75 (-1.41,-0.09)

0.74
0.02

Reference
-0.41 (-1.54,0.71)
-1.15 (-2.30,0.01)

0.47
0.05

Reference
-0.47 (-1.48,0.54)
-0.53 (-1.57, 0.51)

0.36
0.32

0.02
0.02

a Reference category used in linear regression analysis. For boys, tertile 1 (lowest fruit intake) was defined as <65.57 g/d, tertile 2 (moderate fruit intake) as
65.57 – 154.86 g/d, tertile 3 (highest fruit intake) as >154.86 g/d. For girls, tertile 1 (lowest fruit intake) was defined as <83.48 g/d, tertile 2 (moderate fruit
intake) as 83.48 – 185.95 g/d, tertile 3 (highest fruit intake) as >185.95 g/d.
Model 1: unadjusted; Model 2: adjusted for age, BMI z-score, pubertal status, energy intake; Model 3: adjusted for model 2 variables and physical activity;
Model 4: adjusted for model 3 variables and socio-economic status

Table 2. Relationship between fruit intake and grip strength and jump performance in boys and girls.

tween tertile 3 and tertile 1. The following cut-offs were used
to define tertile 1, tertile 2 and tertile 3 of fruit intake: <65.57
g/d, 65.57-154.86 g/d and >154.86 g/d in boys, respectively,
and <83.48 g/d, 83.48-185.95 g/d and >185.95 g/d in girls, respectively. Tertiles 1, 2 and 3 of vegetable intake were defined
as <42.86 g/d, 42.86-82.86 g/d and >82.86 g/d in boys, respectively, and <45.28 g/d, 45.28-81.95 g/d and >81.95 g/d in girls,
respectively. Tertiles 1, 2 and 3 of total FV intake were defined
as <135.09 g/d, 135.09-237.71 g/d and >237.71 g/d in boys, respectively, and <147.43 g/d, 147.43-267.57 g/d and >267.57
g/d in girls, respectively. In all analyses, tertile 3 was set as the
reference group. A one-way ANOVA was used to determine
differences between the tertiles of FV consumption. Sex-specific univariate models were constructed with grip strength as
the dependent variable and the tertiles of fruit intake, the tertiles
of vegetable intake or the tertiles of total FV intake as the explanatory variable. Multivariate linear regression models were
constructed with adjustment for potential confounders. Model
1 was unadjusted; model 2 was adjusted for age, BMI z-score,
pubertal status and energy intake (EI); model 3 was adjusted
for model 2 variables and PA; model 4 was adjusted for model
3 variables and socio-economic status. To test for a linear trend,
an additional analysis was performed using fruit intake, vegetable intake and total FV intake as continuous variables in the
models rather than categorical variables. All analyses were re370

peated using jump power as the dependent variable. Participants for whom there was no grip strength or jump power measurement were excluded from respective analyses. Significance
level was set as p<0.05.

Results
General characteristics
From a total of 2017 participants, grip strength data was
available for 2001 (99%) participants (1006 boys, 995 girls)
and vertical jump data for 1917 (95%) participants (956 boys,
961 girls). Table 1 summarizes the physical characteristics of
the study population according to sex.
Participants were aged 12 (52% of boys, 52% of girls) and
15 years (48% of boys, 48% of girls). Mean grip strength was
26.87 kg (SD 9.06) and 21.48 kg (SD 5.08) for boys and girls
respectively, while maximal vertical jump performance was
44.17 cm (SD 8.44) and 37.13 cm (SD 6.09) respectively. Boys
were taller, more physically active and had greater jump power
and grip strength compared to girls (all p<0.001). They also
had higher intakes of energy, protein and calcium (all p<0.001)
compared to girls. More boys reported consuming alcohol
compared to girls (p=0.01). Girls had a higher BMI z-score
than boys (p<0.001) and also had higher fruit intake than boys
(p=0.001). Self-reported mean daily intakes of energy, protein
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Grip strength (kg)
Boys
Categories

Difference in mean
(95% CI)

Vertical jump performance (cm)
Girls

Boys

p value Difference in mean
(95% CI)

p value Difference in mean
(95% CI)

Girls
p value Difference in mean
(95% CI)

p value

Model 1
Tertile 3 (highest intake)a
Tertile 2
Tertile 1 (lowest intake)

Reference
-0.94 (-2.33,0.46)
-1.13 (-2.53,0.26)

0.19
0.11

Reference
-0.66 (-1.44,0.12)
-0.36 (-1.14,0.42)

0.10
0.37

Reference
-0.15 (-1.47,1.16)
-0.49 (-1.81,0.83)

0.82
0.47

Reference
-1.04 (-1.99,-0.09)
-1.22 (-2.17,-0.28)

0.03
0.01

Model 2
Tertile 3 (highest intake)a
Tertile 2
Tertile 1 (lowest intake)

Reference
-0.18 (-0.93,0.57)
0.30 (-0.45,1.04)

0.63
0.44

Reference
-0.43 (-1.03,0.16)
-0.40 (-0.99,0.19)

0.16
0.18

Reference
0.32 (-0.75,1.40)
0.51 (-0.57,1.59)

0.56
0.35

Reference
-0.79 (-1.73,0.15)
-1.15 (-2.08,-0.22)

0.10
0.02

Model 3
Tertile 3 (highest intake)a
Tertile 2
Tertile 1 (lowest intake)

Reference
-0.25 (-0.99,0.50)
0.34 (-0.41,1.08)

0.52
0.38

Reference
-0.36 (-0.95,0.22)
-0.25 (-0.84,0.33)

0.23
0.40

Reference
0.19 (-0.88,1.26)
0.55 (-0.53,1.62)

0.73
0.32

Reference
-0.73 (-1.65,0.20)
-0.95 (-1.87,-0.04)

0.12
0.04

Model 4
Tertile 3 (highest intake)a
Tertile 2
Tertile 1 (lowest intake)

Reference
-0.30 (-1.13,0.53)
0.11 (-0.71,0.93)

0.47
0.80

Reference
-0.47 (-1.11,0.17)
-0.03 (-0.67,0.62)

0.15
0.94

Reference
0.36 (-0.80,1.51)
0.54 (-0.60,1.69)

0.54
0.35

Reference
-0.85 (-1.86,0.16)
-0.94 (-1.94,0.07)

0.10
0.07

a Reference category used in linear regression analysis. For boys, tertile 1 (lowest vegetable intake) was defined as <42.86 g/d, tertile 2 (moderate vegetable
intake) as 42.86-82.86 g/d, tertile 3 (highest vegetable intake) as >82.86 g/d. For girls, tertile 1 (lowest vegetable intake) was defined as <45.28 g/d, tertile 2
(moderate vegetable intake) as 45.28-81.95 g/d, tertile 3 (highest vegetable intake) as >81.95 g/d.
Model 1: unadjusted; Model 2: adjusted for age, BMI z-score, pubertal status, energy intake; Model 3: adjusted for model 2 variables and physical activity;
Model 4: adjusted for model 3 variables and socio-economic status

Table 3. Relationship between vegetable intake and grip strength and jump performance in boys and girls.

and calcium were higher than UK dietary reference values for
both boys and girls30.
Results of a one-way ANOVA based on tertiles of total FV
intake revealed that there were significant differences in physical characteristics of participants between tertiles (data not
shown). Participants in the highest FV tertile were taller
(p=0.01), more physically active (p<0.001), and had higher intakes of energy (p=0.04), protein (p<0.001) and calcium
(p<0.001) than those in the other tertiles (data not shown).
There were also a lower proportion of alcohol consumers in
the highest FV tertile compared to the other tertiles (p<0.001,
chi-square test).
Regression analyses
The relationships between tertiles of fruit intake and grip
strength or jump power are shown in Table 2. In the unadjusted
model (model 1), girls with the highest fruit intakes had higher
grip strength and jump power than girls with the lowest fruit
intakes (both p=0.02). Girls with the highest fruit intakes also
had higher grip strength than those with moderate intakes
(p=0.02). After adjusting for age, BMI z-score, pubertal status
and EI (model 2), the association between the highest (versus
lowest) fruit intake and grip strength and jump power in girls
remained significant (p<0.01 and p=0.01, respectively). Boys
with the highest fruit intake had higher jump power than boys

with the lowest fruit intake after adjusting for age, BMI zscore, pubertal status and EI (p=0.01). Further adjustment for
PA (model 3) resulted in loss of significance between fruit intake and jump power in both boys and girls but did not affect
the association between fruit intake and grip strength in girls.
The significant association between fruit intake and grip
strength in girls also remained after further adjustment for
socio-economic status (p=0.02). No significant associations
were evident between grip strength and fruit intake in boys.
The adjusted and unadjusted relationships between tertiles
of vegetable intake and grip strength or jump power are shown
in Table 3. No significant associations were evident between
tertiles of vegetable intake and grip strength in boys or girls
and there was no association between tertiles of vegetable intake and jump power in boys. In the unadjusted analyses
(model 1), girls with the highest vegetable intakes had significantly higher jump power than girls with low (p=0.01) or
moderate (p=0.03) vegetable intakes. The association between
jump power and the high versus low vegetable intake category
in girls remained significant, after further adjustment for age,
BMI z-score, pubertal status, EI and PA (p=0.04, model 3) but
significance was lost after adjustment for socio-economic status (model 4).
A further analysis was carried out to examine the association
between tertiles of total FV intake and grip strength and jump
371
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Grip strength (kg)
Boys
Categories

Difference in mean
(95% CI)

Vertical jump performance (cm)
Girls

Boys

Girls

p value Difference in mean
(95% CI)

p value Difference in mean
(95% CI)

p value Difference in mean
(95% CI)

Reference
-1.21 (-2.51,0.10)
-1.80 (-3.10,-0.49)

Reference
0.07 -1.14 (-2.08,-0.19)
<0.01 -1.66 (-2.61,-0.72)

0.02
<0.01

Reference
0.12 -0.51 (-1.58,0.56)
<0.001 -1.58 (-2.64,-0.52)

Reference
0.35 -1.04 (-1.97,0.11)
<0.01 -1.70 (-2.63,-0.77)

0.03
<0.001

p value

Model 1
Tertile 3 (highest intake)a
Reference
Tertile 2
-1.56 (-2.94,-0.18)
Tertile 1 (lowest intake) -0.58 (-1.96,0.80)

0.03
0.41

Reference
-0.63 (-1.41,0.14)
-0.99 (-1.77,-0.22)

Model 2
Tertile 3 (highest intake)a
Reference
Tertile 2
-0.18 (-0.92, 0.56)
Tertile 1 (lowest intake) -0.24 (-0.98,0.49)

0.63
0.52

Reference
-0.48 (-1.07, 0.12)
-1.09 (-1.68,-0.50)

Model 3
Tertile 3 (highest intake)a
Tertile 2
Tertile 1 (lowest intake)

Reference
-0.11 (-0.85,0.64)
-0.11 (-0.85,0.63)

0.78
0.77

Reference
-0.31 (-0.90,0.28)
-0.75 (-1.35,-0.15)

0.30
0.01

Reference
-0.38 (-1.44,0.68)
-1.40 (-2.37,-0.24)

0.48
0.02

Reference
-0.84 (-1.76,0.08)
-1.20 (-2.14,-0.27)

0.07
0.01

Model 4
Tertile 3 (highest intake)a
Tertile 2
Tertile 1 (lowest intake)

Reference
0.08 (-0.73,0.90)
0.03 (-0.78,0.85)

0.84
0.94

Reference
-0.01 (-0.65,0.63)
-0.51 (-1.18,0.16)

0.96
0.13

Reference
-0.47 (-1.60,0.66)
-1.27 (-2.41,-0.13)

0.42
0.03

Reference
-0.86 (-1.66,0.34)
1.08 (-2.12,-0.03)

0.20
0.04

0.11
0.01

a Reference category used in linear regression analysis. For boys, tertile 1 (lowest FV intake) was defined as <135.09 g/d, tertile 2 (moderate FV intake) as
135.09 – 237.71 g/d, tertile 3 (highest FV intake) as >237.71 g/d. For girls, tertile 1 (lowest FV intake) was defined as <147.43 g/d, tertile 2 (moderate FV
intake) as 147.43 - 267.57 g/d, tertile 3 (highest FV intake) as >267.57 g/d.
Model 1: unadjusted; Model 2: adjusted for age, BMI z-score, pubertal status, energy intake; Model 3: adjusted for model 2 variables and physical activity;
Model 4: adjusted for model 3 variables and socio-economic status

Table 4. Relationship between total FV intake and grip strength and jump performance in boys and girls.

power (Table 4). In the unadjusted model (model 1), boys with
the highest total FV intake had significantly higher grip
strength than boys with a moderate FV intake (p=0.03), however significance was lost after adjusting for confounding factors. Girls with the highest total FV intake had significantly
higher grip strength than girls with the lowest FV intake
(p=0.01), even after adjustment for age, BMI z-score, pubertal
status, EI and PA. However, significance was lost after inclusion of socio-economic status (model 4). In relation to jump
power, boys with the highest total FV intake had significantly
higher jump power than those with the lowest intakes, even
after adjustment for potential confounding factors. In girls,
those with the highest intakes of total FV were shown to have
higher jump power than girls with the lowest or moderate intakes. Significance remained in the highest versus lowest intake category after adjustment for confounding factors (model
4, p=0.04). The results became attenuated for the moderate
versus lowest intake category after inclusion of PA (model 3,
p=0.11) and socio-economic status (model 4, p=0.20).
When the analyses were repeated, using fruit or vegetables
as continuous variables rather than categorical, a positive association was observed between fruit intake and grip strength
in girls after adjusting for age, BMI z-score, pubertal status, EI
and PA (p<0.01). A positive association was also observed between fruit intake and jump power in girls after adjusting for
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age, BMI z-score, pubertal status and EI (p<0.01). These analyses showed that an increase in fruit consumption of 80 g (1 portion) was associated with a 0.16 kg increase in grip strength
and a 0.24 cm increase in jump power in girls. However, significance was lost for both jump power and grip strength after
further adjustment for PA and socio-economic status, respectively. Fruit intake was positively associated with jump power
in boys after adjusting for age, BMI z-score, pubertal status and
EI (p=0.04) but significance was lost after further adjustment
for PA. No significant associations were observed between fruit
intake and grip strength in boys and no significant associations
were observed between vegetable intake and grip strength in
boys or girls. Vegetable intake was positively associated with
jump power in girls after adjusting for all potential covariates
(p=0.01) but no significant associations were evident in boys.
Similarly, total FV intake showed no association with grip
strength or jump power in boys, in contrast to girls where the
association remained significant with jump power after further
adjustment for PA (p=0.02) and with grip strength after adjustment for socio-economic status (p=0.04) (data not shown).

Discussion
To our knowledge, this is the first population-based study to
investigate the association between FV intake and muscle
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strength and power during adolescence. In this group of adolescents, we showed that in girls, but not boys, higher vegetable
consumption was significantly associated with jump power relative to the lowest levels of consumption, after adjusting for
confounding factors including PA, although significance was
lost after further adjustment for socio-economic status. Higher
fruit consumption was also significantly associated with jump
power in both boys and girls although significance was lost
after adjusting for PA. In relation to muscle strength, no significant associations were evident between vegetable intake and
grip strength in either girls or boys. Higher fruit consumption
was significantly associated with grip strength in girls, but not
boys, even after additional adjustment for PA and socio-economic status. Examining overall FV intake appeared to
strengthen the relationship with jump power in both boys and
girls, with the association remaining significant after adjustment for confounding factors. In fact, the findings suggest that
in this population higher total FV intake was an independent
predictor of jump power, in both boys and girls.
The associations between fruit intake and muscle function
appeared to be somewhat stronger in girls than boys, particularly in relation to grip strength. Alongside this, daily fruit intake was significantly higher in girls than in boys. This is in
contrast to the findings from the National Diet and Nutrition
Survey where fruit intake was higher in boys than girls31. It is
possible that in this population, fruit consumption in boys was
at an insufficient level to show a strong association with grip
strength. Alternatively, boys had higher PA scores than girls,
which may have weakened the relationship between fruit intake and grip strength. There may be a threshold effect for PA,
which boys are more likely to exceed, and are therefore able
to consume less FV without it affecting their muscle strength.
Boys may also undertake more weight-bearing or high intensity PA than girls which in turn may have a greater influence
on muscle strength32. The gender differences observed may
also reflect inherent physiological differences in muscle structure33-35. Indeed, previous studies have suggested that genderspecific differences in muscle are due to hormonal changes
during puberty34,36, although, in the current study, we adjusted
for pubertal status. Furthermore, it is possible that it is a combined effect of both a healthy diet and PA that results in greater
muscle strength. However, these suggestions are mostly hypothetical and require further exploration.
Comparing our results with other studies is difficult as there
is limited evidence regarding the association between FV intake and muscle strength and power, and any research to date
has focused on older populations. Nevertheless, our findings
do lend support to those reported elsewhere. Previous crosssectional studies conducted in older adults showed that poor
muscle strength was associated with low serum carotenoid levels12,14, thus reflecting low FV intake. A population-based study
reported a positive correlation between plasma antioxidant
concentrations and measures of physical performance and
muscle strength14. Other studies have reported similar associations between nutrients commonly found in FV, and measures
of muscle strength and physical function12,13,37.

Although the mechanism responsible for the association between FV intake and muscle strength remains obscure, our
findings are nonetheless biologically plausible. Indeed, it has
been suggested that FV may act on muscle in three ways: 1)
their antioxidant effect13,14, 2) their anti-inflammatory effect13,14, and, 3) their alkaline forming properties which act as
a buffer against oxidative stress and inflammation16,37. Another
potential mechanism, which requires further investigation, is
the possible influence of nitrates present within FV which may
improve muscle contraction17,18.
Important strengths of this study include its large representative sample of healthy adolescents from Northern Ireland.
Unlike previous studies which relied on food frequency questionnaire to assess FV consumption, the current study used a
relatively robust and validated method38 for assessing FV consumption, which has previously shown good validity at estimating EI at the group level in adolescents39. A further strength
is that muscle strength and power were assessed by direct performance-based measures rather than self-report questionnaires. Handgrip strength is considered to be a valid indicator
of general muscle strength40, while vertical jump power is a
valuable index of muscular power41. Examining muscle
strength and power in this age group also seemed prudent,
since it is during adolescence that the greatest gains in peak
bone mass and muscle strength are achieved3,42. Handgrip
strength is also an independent predictor of BMC and bone
area of the total body and/or forearm in adolescent girls3 and
in a previous analysis of YH2000 data we showed that muscle
strength was a modulator of fracture risk in children5.
Several limitations of the study merit consideration. The
cross-sectional design means that we cannot draw causal conclusions from the findings. Further cross-sectional and
prospective cohort studies are needed to confirm the observed
relationships. A further limitation, in common with all observational studies, is the possibility of residual confounding or
failure to include other potential confounders. However, the
extensive range of data collected enabled us to adjust for important covariates. Despite using a rigorous dietary assessment
method, we also cannot rule out possible under- or over-reporting of dietary intake and more specifically FV intake. Indeed, while the reported mean daily intakes of energy, protein
and calcium are higher than UK dietary reference values, the
reported intakes are relatively similar to those reported in the
recent UK-based National Diet and Nutrition Survey31. In addition, it is possible that FV present within some composite
dishes were not accounted for, although where possible such
dishes were separated into their individual ingredients, thus
enabling a more accurate estimation of FV content. These dietary assessment limitations, however, may have attenuated
the strength of any observed associations. Dietary intake assessment at one timepoint may also be inadequate to fully capture true FV intake and may not be representative of changes
in FV intakes over a year. The handgrip values for participants
in the present study are also slightly lower than those reported
in other UK43 and European populations44 although this may
reflect methodological differences such as variations in the
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type of dynamometers, or variations in protocols for measuring
grip strength. A further limitation of the current study is that
FV intakes in this population group were below the UK government recommendations of 5 portions of FV/d (based on 1
portion=80 g)22. It is therefore possible that the results observed may not extrapolate to benefits beyond meeting the recommendations. However, it is difficult to gauge this for
children since 80 g is considered an adult portion22. For children, the current UK recommendations are given as handfuls
and not weights i.e. one portion of fruit or vegetables is the
amount that a child can fit into the palm of their hand22. FV
portion sizes also vary according to country and the type of
fruit or vegetable. For these reasons, we presented the data as
weights of FV intake rather than portions of FV.

Conclusions
This study has shown that in adolescence, higher FV intake
is positively associated with muscle power. There was no independent association observed between higher FV consumption and muscle strength. Examining FV separately also
revealed that in girls, but not boys, higher vegetable consumption was associated with muscle power relative to lower consumption levels. Higher fruit consumption was also associated
with muscle power in both boys and girls and with muscle
strength in girls, but the associations with muscle power became non-significant when adjusted for PA. The inconsistency
observed between boys and girls highlights a need for further
gender-specific research to be carried out in adolescents. Further observational and, ideally, intervention studies, are also
needed to more clearly define the complex nature of the associations. Overall, the findings of this study are important, particularly since optimising muscle power, which in itself is a
product of both muscle strength and speed45,46, is considered
to be fundamental for enhancing performance in many sporting
activities that are carried out during youth47,48 and also for
maintaining physical function in later life49. Based on the low
FV consumption in the current study, the findings highlight a
need for public health strategies to focus on ways of increasing
FV consumption during adolescence as a potential means of
improving muscle power.
Authors’ information
Members of the Young Hearts Study Group are as follows: Liam J.
Murray, Maurice J. Savage, Ian S. Young, J.J. Strain, Alison M. Gallagher,
Gordon Cran, Paula J. Robson, and Jayne V. Woodside.
Acknowledgements
The authors’ responsibilities were as follows: CAB and LJM were the
principal investigators and were responsible for the project conception,
development of overall research plan, and study oversight. MCM and
JVW conceived the original idea and directed the analysis. CEN was primarily responsible for writing the manuscript and carrying out the statistical analyses. All authors contributed to the interpretation of the results
and were involved in the revising and proof reading of the manuscript.
All authors read and approved the final manuscript. The authors wish to
374

acknowledge Dr Chris Cardwell for statistical advice and guidance. The
authors wish to thank all the participants in the study for their time, interest, co-operation and contribution to research. The YH2000 project
was funded by a grant from the Department of Health, Social Services
and Public Safety in Northern Ireland.

References
1.

Cousins JM, Petit MA, Paudel ML, Taylor BC, Hughes,
JM, Cauley JA, Zmuda JM, Cawthon PM, Ensrud KE,
Osteoporotic Fractures in Men (MrOS) Study Group.
Muscle power and physical activity are associated with
bone strength in older men: The Osteoporotic Fractures
in Men study. Bone 2010;47:205-11.
2. Proctor DN, Melton LJ, Khosla S, Crowson CS, O’Connor MK, Riggs BL. Relative influence of physical activity, muscle mass and strength on bone density. Osteoporos
Int 2000;11:944-52.
3. Foo LH, Zhang Q, Zhu K, Ma G, Greenfield H, Fraser
DR. Influence of body composition, muscle strength, diet
and physical activity on total body and forearm bone mass
in Chinese adolescent girls. Brit J Nutr 2007;98:1281-87.
4. Seabra A, Marques E, Brito J, Krustrup P, Abreu S,
Oliveira J, Rego C, Mota J, Rebelo A. Muscle strength
and soccer practice as major determinants of bone mineral
density in adolescents. Joint Bone Spine 2012;79:403-8.
5. Clark EM, Tobias JH, Murray L, Boreham C. Children
with low muscle strength are at an increased risk of fracture with exposure to exercise. J Musculoskelet Neuronal
Interact 2011;11:196-202.
6. Granacher U, Gollhofer A. Is there an association between variables of postural control and strength in adolescents? J Strength Cond Res 2011;25:1718-25.
7. Ward K. Musculoskeletal phenotype through the life
course: the role of nutrition. Proc Nutr Soc 2012;71:27-37.
8. McGartland CP, Robson PJ, Murray LJ, Cran GW, Savage MJ, Watkins DC, Rooney MM, Boreham CA. Fruit
and vegetable consumption and bone mineral density: the
Northern Ireland Young Hearts Project. Am J Clin Nutr
2004;80:1019-23.
9. Tylavsky FA, Holliday K, Danish R, Womack C, Norwood J, Carbone L. Fruit and vegetable intakes are an independent predictor of bone size in early pubertal
children. Am J Clin Nutr 2004;79:311-7.
10. Vatanparast H, Baxter-Jones A, Faulkner RA, Bailey DA,
Whiting SJ. Positive effects of vegetable and fruit consumption and calcium intake on bone mineral accrual in
boys during growth from childhood to adolescence: the
University of Saskatchewan Pediatric Bone Mineral Accrual Study. Am J Clin Nutr 2005;82:700-6.
11. Aihie Sayer A, Cooper C. Aging, sarcopenia and the life
course. Rev Clin Gerontol 2007;16:265-74.
12. Semba RD, Blaum C, Guralnik JM, Moncrief DT, Ricks
MO, Fried LP. Carotenoid and vitamin E status are associated with indicators of sarcopenia among older women

C.E. Neville et al.: Fruit, vegetables, muscle strength and power

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

24.
25.

26.

27.

living in the community. Aging Clin Exp Res 2003;
15:482-7.
Semba RD, Lauretani F, Ferrucci L. Carotenoids as protection against sarcopenia in older adults. Arch Biochem
Biophys 2007;15:141-145.
Cesari M, Pahor M, Bartali B, Cherubini A, Penninx BW,
Williams GR, Atkinson H, Martin A, Guralnik JM, Ferrucci L. Antioxidants and physical performance in elderly
persons: the Invecchiare in Chianti (InCHIANTI) study.
Am J Clin Nutr 2004;79:289-294.
Robinson SM, Jameson KA, Batelaan SF, Martin HJ,
Syddall HE, Dennison EM, Cooper C, Sayer AA, Hertfordshire Cohort Study Group. Diet and its relationship
with grip strength in community-dwelling older men and
women: the Hertfordshire cohort study. J Am Geriatr Soc
2008;56:84-90.
Dawson-Hughes B, Harris SS, Ceglia L. Alkaline diets
favour lean tissue mass in older adults. Am J Clin Nutr
2008;87:662-5.
Bescós R, Sureda A, Tur JA, Pons A. The effect of nitricoxide-related supplements on human performance. Sports
Med 2012;42:99-117.
Larsen FJ, Schiffer TA, Borniquel S, Sahlin K, Ekblom
B, Lundberg JO, Weitzberg E. Dietary inorganic nitrate
improves mitochondrial efficiency in humans. Cell Metab
2011;13:149-59.
Bates B, Lennox A, Swan G. National Diet and Nutrition
Survey; Headline results from Years 1, 2 and 3 (combined) of the Rolling Programme (2008/2009 - 2010/11).
Available at: http://www.natcen.ac.uk/media/175123/national-diet-and-nutrition-survey-years-1-2-and-3.pdf Accessed 31 March 2014.
Watkins D, McCarron P, Murray L, Cran G, Boreham C,
Robson P, McGartland C, Davey Smith G, Savage M.
Trends in blood pressure over 10 years in adolescents:
analyses of cross sectional surveys in the Northern Ireland
Young Hearts project. BMJ 2004;329:139.
Food Standards Agency. Food Portion Sizes. 3rd edn.
London: TSO; 2006.
Department of Health. 5-a-day portion sizes. Available at
http://www.nhs.uk/Livewell/5ADAY/Pages/Whatcounts.aspx. Last accessed 31 March 2014.
World Health Organisation. AnthroPlus Application Tool.
Available at http://www.who.int/growthref/tools/en/. Last
accessed 16 May 2014.
Tanner JM. Growth at adolescence. Oxford: Blackwell;
1962.
Office of Population Censuses and Surveys. Standard Occupational Classification, Vol 1, 2, 3. London, UK: Government Statistical Service; 1990.
Riddoch C. Northern Ireland Health and Fitness Survey.
A report by the Division of Physical and Health Education, Queens University of Belfast; 1990.
Boffetta P, Couto E, Wichmann J. Fruit and vegetable intake and overall cancer risk in the European Prospective
Investigation into Cancer and Nutrition (EPIC). J Natl

Cancer Inst 2010;102:529-37.
28. Prynne CJ, Mishra GD, O'Connell MA, Muniz G, Laskey
MA, Yan L, Prentice A, Ginty F. Fruit and vegetable intakes and bone mineral status: a cross sectional study in
5 age and sex cohorts. Am J Clin Nutr 2006;83:1420-8.
29. New SA, Robins SP, Campbell MK, Martin JC, Garton
MJ, Bolton-Smith C, Grubb DA, Lee SJ, Reid BM. Dietary influences on bone mass and bone metabolism: further evidence of a positive link between fruit and
vegetable consumption and bone health? Am J Clin Nutr
2000;71:142-151.
30. Department of Health. Dietary Reference Values for Food
Energy and Nutrients for the United Kingdom. Report of
the Panel on Dietary Reference Values of the Committee
on Medical Aspects of Food Policy. Report on Health and
Social Subjects no. 41. London: HSMO; 1991.
31. Whitton C, Nicholson SK, Roberts C, Prynne CJ, Pot GK,
Olson A, Fitt E, Cole D, Teucher B, Bates B, Henderson
H, Pigott S, Deverill C, Swan G. National Diet and Nutrition Survey: UK food consumption and nutrient intakes
from the first year of the rolling programme and comparisons with previous surveys. Br J Nutr 2011;106:1899-914.
32. Moliner-Urdiales D, Ortega FB, Vicente-Rodriguez G,
Rey-Lopez JP, Gracia-Marco L, Widhalm K, Sjostrom M,
Moreno LA, Castillo MJ, Ruiz JR. Association of physical activity with muscular strength and fat-free mass in
adolescents: the HELENA study. Eur J Appl Physiol
2010;109:1119-1127.
33. Edgerton VR, Roy RR. Regulation of muscle fibre size,
shape and function. J Biomech 1991;24:123-33.
34. Hogler W, Blimkie CJ, Cowell CT, Inglis D, Rauch F,
Kemp AF, Wiebe P, Duncan CS, Farpour-Lambert N,
Woodhead HJ. Sex-specific developmental changes in
muscle size and bone geometry at the femoral shaft. Bone
2008;42:982-9.
35. Malina RM, Bouchard C, Bar-Or O (2004) Growth, maturation and physical activity. Human Kinetics, Champaign.
36. Neu CM, Rauch F, Rittweger J, Manz F, Schoenau E. Influence of puberty on muscle development at the forearm.
Am J Physiol Endocrinol Metab 2002;238:E103-7.
37. Welch AA, MacGregor AJ, Skinner J, Spector TD,
Moayyeri A, Cassidy A. A higher alkaline dietary load is
associated with greater indexes of skeletal muscle mass
in women. Osteoporos Int 2013;24:1899-1908.
38. van Staveren WA, de Boer JO, Burema J. Validity and reproducibility of a dietary history method estimating the
usual food intake during one month. Am J Clin Nutr 1985;
42:554-559.
39. Livingstone MBE, Prentice AM, Coward WA, Strain JJ,
Black AE, Davies PS, Stewart CM, McKenna PG, Whitehead RG. Validation of estimates of energy intake by
weighed dietary record and diet history in children and
adolescents. Am J Clin Nutr 1992;56:29-35.
40. Rantanen T, Volpato S, Ferrucci L, Heikkinen E, Fried
LP, Guralnik JM. Handgrip strength and cause-specific
375

C.E. Neville et al.: Fruit, vegetables, muscle strength and power

41.
42.

43.

44.

376

and total mortality in older disabled women: exploring
the mechanism. J Am Geriatr Soc 2003;51:636-41.
Buckthorpe M, Morris J, Folland JP. Validity of vertical
jump measurement devices. J Sports Sci 2012;30:63-69.
Henry YM, Fatayerji D, Eastell R. Attainment of peak
bone mass at the lumbar spine, femoral neck and radius
in men and women: relative contributions of bone size
and volumetric bone mineral density. Osteoporos Int
2004;15:263-73.
Cohen DD, Voss C, Taylor MJD, Stasinopoulos DM,
Delextrat A, Sandercock GR. Handgrip strength in English schoolchildren. Acta Paediatrica 2010;99:1065-1072.
Ortega FB, Artero EG, Ruiz JR, Espana-Romero V,
Jimenez-Pavon D, Vicente-Rodriguez G, Moreno LA,
Manios Y, Beghin L, Ottevaere C, Ciarapica D, Sarri K,
Dietrich S, Blair SN, Kersting M, Molnar D, GonzalezGross M, Gutierrez A, Sjostrom M, Castillo MJ, HELENA study. Physical fitness levels among European

45.
46.

47.

48.

49.

adolescents: the HELENA study. Br J Sports Med 2011;
45:20-29.
Komi PV, ed. Strength and power in sport, 2nd edn. Oxford, UK: Blackwell Scientific Publications; 2003.
Nuzzo JL, McBride JM, Cormie P, McCaulley GO. Relationship between countermovement jump performance
and multijoint isometric and dynamic tests of strength. J
Strength Cond Res 2008;22:699-707.
Cronin J, Sleivert G. Challenges in understanding the influence of maximal power training on improving athletic
performance. Sports Med 2005;35:213-34.
Lehance C, Binet J, Bury T, Croisier JL. Muscular
strength, functional performance and injury risk in professional and junior elite soccer players. Scan J Med Sci
Sports 2009;19:243-51.
Reid KF, Fielding RA. Skeletal muscle power: a critical
determinant of physical functioning in older adults. Exerc
Sport Sci Rev 2012;40:4-12.

