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Abstract

Background : Intake of fruit and vegetables, which are important sources of antioxidant nutrients, has

frequently been inversely related to the risk of chronic diseases.

Objective : To investigate the serum concentration of vitamin C and b-carotene in relation to fruit and

vegetable intake in 6-year-old children and their parents.

Design : An observational study on families of healthy 6-year-old children in the Greater Reykjavik area.

Serum vitamin C and b-carotene were analysed. Fruit and vegetable intake of children and their parents was

assessed by 3 day weighed food records and by a food frequency questionnaire.

Results : A positive correlation was seen in serum vitamin C concentration (r�/0.454�0.570, pB/0.005) and

serum b-carotene concentration (r�/0.385�0.497, pB/0.02) between family members. The total intake of fruit,

vegetables and fruit juice was 1649/124 g (mean9/SD), 3029/181g and 2389/175 g for children, mothers and

fathers, respectively. Family members’ intake of fresh fruit, fruit juice and green leafy vegetables was positively

related (r�/0.227, pB/0.02 and r�/0.313, pB/0.01 between children and their mother and father, respectively,

and r�/0.247, pB/0.05 between parents).

Conclusions : The relationship between children’s and their parents’ fruit and vegetable intake is supported in

the present study by an even stronger correlation of serum vitamin C and b-carotene between family

members. Interventions aimed at increasing fruit and vegetable consumption by children should focus on the

whole family.
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Introduction

Fruit and vegetable intake has frequently been

inversely related to the risk of chronic diseases (1�
3). Fruit and vegetables are important sources of

antioxidant nutrients and consumption has been

positively correlated with serum vitamin C and

carotenoids (4�6). Vitamin C and b-carotene are

known to be powerful antioxidant nutrients. Via

their antioxidant functions of protecting organisms

against free radical damage, vitamin C and b-

carotene may play a helpful role in the prevention

of diseases initiated or promoted by oxygen radicals,

such as cardiovascular diseases and cancers (7).

In the context of the rising burden of chronic

diseases, the World Health Organization (WHO)

aims actively to promote increased consumption,

production and distribution of fruit and vegetables,

and has recommended an intake of a minimum of

400 g of fruit and vegetables per day for adults (8).

Although the mean intake of fruit and vegetables has

been increasing among adults in Iceland the past few

decades (9), the intake is still below the recommended

level. For successful interventions to increase fruit

and vegetable consumption further, knowledge is

needed about the relationship between intake by

parents and their children of fruit and vegetables.
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The aim of this study was to investigate the

association of fruit and vegetable intake between 6-

year-old children and their parents, and to explore

further the relationship between serum concentra-

tions of vitamin C and b-carotene and fruit and

vegetable intake.

Methods

Subjects

Families of 6-year-old children from two random

cohorts, of a longitudinal study on infant nutrition

in Iceland (10) and a study of Icelandic 2-year-olds

(11), were invited to participate in the study on the

nutrition and health of Icelandic 6-year-olds (n�/

188). In total, 131 children (70%) successfully

completed a 3 day dietary record. Parents were

asked to complete a food frequency questionnaire

(FFQ). The participation rate was better among

mothers (n�/112) than fathers (n�/75).

For practical reasons, only those families living in

the Reykjavik area were invited to participate in

blood tests for measurements of serum vitamin C

and b-carotene. The number of family members

participating in this part of the study is shown in

Table 1.

The local ethics committee at the Landspitali-

University Hospital in Iceland and the Icelandic

Data Protection Commission approved the study.

Blood samples and analysis

Consent was obtained from both parents and

children before their participation in giving blood

samples. Each child was given two EMLA (Albert-

slund, Denmark) band-aids medicated with anaes-

thetic (lidocaine, prilocaine), to anaesthetize the

area from which blood would be drawn. Venous

blood samples were drawn from the children using

four 4.7 ml gel serum vials, 1.2 ml EDTA vials and

two 4 ml EDTA vials using the Sarstedt system by a

paediatrician at Landspitali-University Hospital.

This amount of blood was used to perform also

other analyses than vitamin C and b-carotene (12).

In parents, venous blood samples were drawn on the

same day as for their children using the Vacutai-

nerTM system using five 4 ml serum gel vials, one

2 ml EDTA vial and one 9 ml EDTA vial. All

samples were drawn in the morning after an over-

night fast, and centrifuged for 10 min at 48C within

30 min after the samples were drawn. The samples

were protected from light, frozen immediately and

transported on dry ice to Capio Diagnostik, Co-

penhagen, Denmark, where b-carotene was ana-

lysed by high-performance liquid chromatography

after extraction (13), and vitamin C by photometry

(14, 15).

Intake measurements

Three day weighed food records were used to assess

the dietary intake of 6-year-old children. Parents or

caregivers completed the children’s diaries in terms

of weighed grams. Parents’ food intake was assessed

using a validated semi-quantitative FFQ developed

by the Icelandic Nutrition Council, including 130

different food items, reflecting food intake during

the past 3 months (16). Quantities were estimated

from photographs of four portion sizes of seven

basic foods and from household measures. Results

were scanned into a computer using a Hewlett

Packard DeskScanII.

Calculations and statistical analysis

Nutrient calculations for the 3 day weighed record

were performed using the NutriBase Clinical Nutri-

tion Manager, version 4.71 (Cybersoft, AZ, USA,

2003). Foods and nutrients from the FFQ were

calculated using the program ICEFOOD (Hugsja,

Reykjavik). The program accounts for nutrient

losses during food preparation and cooking. The

Icelandic Nutrient Database (ISGEM) was used for

the nutrient calculations on both occasions.

Statistical analyses were performed using SPSS

for Windows version 11.0 (SPSS, Chicago, IL,

USA). Means and standard deviations were used

to describe the data. Serum b-carotene values were

skewed and therefore log-transformed to reach

normality, and these values were used for statistical

analysis. Linear relationships between serum values

were examined using Pearson’s correlation coeffi-

Table 1. Serum concentrations of vitamin C (mmol l�1) and b-carotene (mmol l�1)

n Mean9/SD 10th % 90th %

Child

Vitamin C 78 74.39/20.8 47.1 102.9

b-Carotene 83 0.59/0.3 0.2 0.8

Mother

Vitamin C 58 55.29/19.8 30.4 82.3

b-Carotene 61 0.49/0.3 0.2 0.6

Father

Vitamin C 31 47.59/17.9 25.3 74.3

b-Carotene 31 0.39/0.2 0.1 0.5

Thorsdottir I et al.

72



cient and the level of significance was taken as pB/

0.05. Food items were not normally distributed and

the relationship between family members’ intake of

fruit and vegetables, and the relationship between

intake and serum concentration, were therefore

assessed using Spearman correlation. Fruit and

vegetable intake was also divided into quartiles for

further analysis to minimize possible error due to

the use of two different methods to assess dietary

intake. Cross-tabulation together with a chi-squared

test was used to assess, for example, the percentage

of children with mothers in the highest quartile of

vegetable intake who would fall into the highest and

the adjacent quartile of vegetable intake, as well as

the linear-by-linear association in intake.

Some of the participants, both children and

parents, were reported to be taking supplements.

All calculations were performed both with and

without contributions from supplements.

Results

Table 1 shows the serum concentration of vitamin C

and b-carotene in children and their parents and

Table 2 the correlations of these concentrations

between family members. Table 3 shows the intake

of vitamin C and b-carotene as well as the intake of

fruit and vegetables among children and their

parents.

Plasma concentrations

The mean serum concentration of vitamin C ranged

from 55 to 74 mmol l�1 and that of b-carotene from

0.3 to 0.5 mmol l�1 (Table 1). There was a positive

correlation between serum vitamin C concentration

in children and their parents as well as between the

parents. Serum b-carotene concentration also cor-

related positively between family members. The

correlation coefficients are shown in Table 2. To

obtain a measure of how much of the variability in

one variable could be explained by variation in

another, correlations were squared. A correlation

coefficient of 0.385�0.570 (range in Table 2)

squared is about 0.15�0.32. Therefore, about 15�
32% of the variability in children’s serum concen-

tration could be explained by differences in the

parents’ serum concentration.

Table 2. Correlations of vitamin C and b-carotene concentrations in serum

between family members

Serum vitamin C,

child

Serum vitamin C,

mother

Serum vitamin C, mother

r 0.454

p B/0.001

Serum vitamin C, father

r 0.529 0.570

p 0.002 0.002

Log serum b-caro-

tene, child

Log serum b-caro-

tene, mother

Log serum b-carotene, mother

r 0.385

p 0.002

Log serum b-carotene, father

r 0.419 0.497

p 0.019 0.007

Table 3. Intake of vitamin C, b-carotene, fruit, vegetables, fruit juice and potatoes

among 6-year-old children (n�/131), their mothers (n�/112) and their fathers

(n�/75)

Mean9/SD 10th % 90th %

Child

Fruit (g day�1) 789/68 0 182

Vegetables (g day�1) 269/68 0 62

Potatoes (g day�1) 309/27 0 61

Fruit juice (g day�1) 609/87 0 200

Vitamin C, with supplements (mg day�1) 789/69 24 136

Vitamin C, without supplements (mg day�1) 659/41 22 130

b-Carotene, with supplements (mg day�1) 7419/1305 160 1519

b-Carotene, without supplements (mg day�1) 7419/1305 160 1519

Mother

Fruit (g day�1) 1469/127 48 286

Vegetables (g day�1) 749/50 16 129

Potatoes (g day�1) 829/57 20 149

Fruit juice (g day�1) 829/89 2 243

Vitamin C, with supplements (mg day�1) 2129/187 61 602

Vitamin C, without supplements (mg day�1) 929/47 34 151

b-Carotene, with supplements (mg day�1) 9939/625 420 1893

b-Carotene, without supplements (mg day�1) 9899/620 421 1885

Father

Fruit (g day�1) 949/70 20 205

Vegetables (g day�1) 539/46 8 99

Potatoes (g day�1) 1049/89 13 210

Fruit juice (g day�1) 929/122 0 250

Vitamin C, with supplements (mg day�1) 1249/110 34 263

Vitamin C, without supplements (mg day�1) 809/50 26 155

b-Carotene, with supplements (mg day�1) 8799/611 382 1351

b-Carotene, without supplements (mg day�1) 8259/396 382 1333

Seven children (5%) were using liquid multivitamin formula giving 60 mg vitamin C

per 10 ml, which is the suggested daily dose; 67 mothers (60%) and 22 fathers

(29%) were using supplements.

Serum antioxidants in children and parents
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Fruit and vegetable intake

Consumption of fruit, vegetables and fruit juice was

on average 1949/126, 3849/181 and 3439/189 g

day�1 for the children, mothers and fathers,

respectively (Table 3). The mean intake of potatoes

is also given in Table 3, because potatoes may

provide substantial amounts of vitamin C, at least

for the fathers, who had a mean intake above 100 g

day�1. Intake of fresh fruit, fruit juice and green

leafy vegetables correlated positively between family

members (r�/0.227, pB/0.05 and r�/0.313, pB/0.01

between children and their mother and father,

respectively, and r�/0.247, pB/0.05 between par-

ents). By dividing vegetable intake into quartiles

and using cross-tabulation, it could be seen that

58% of the 6-year-olds whose mothers were in the

lowest quartile of vegetable intake fell into the

lowest or adjacent quartile of vegetable intake. At

the other end, 67% of children with mothers in the

highest quartile of vegetable intake had intake that

fell into the highest or second highest quartile of

vegetable intake among children. The linear-by-

linear association was significant (pB/0.01). Corre-

sponding figures relating children’s vegetable intake

to that of their father were 75% at the lower end and

72% at the higher end, and the linear-by-linear

association was significant (pB/0.05).

Vitamin C and b-carotene intake

A positive correlation was also seen between

maternal and children’s vitamin C intake without

supplements (r�/0.284, pB/0.01), and between

fathers and children’s intake (r�/0.375, pB/0.001).

No association was found between children’s and

parents’ vitamin C intake when the analysis was

performed including supplement use by parents.

Mothers’ and fathers’ vitamin C intake with (r�/

0.546, pB/0.001) and without (r�/0.258, pB/0.05)

supplements also correlated, whereas no correlation

was seen between the family members’ b-carotene

intakes. There was a positive correlation between

children’s vitamin C intake without supplements

and their serum vitamin C (r�/0.288, pB/0.05), but

not when analysed including supplements. Chil-

dren’s intake of b-carotene correlated with their

serum b-carotene concentration (r�/0.315, pB/

0.01). Results for the association between the

parents’ intake and their serum concentration have

been shown previously (16).

Discussion

The present study shows an association between

children’s and their parents’ serum values of nu-

trients commonly used as markers of fruit and

vegetable intake. The study is the first Icelandic

dietary study on 6-year-old children in relation to

intake by their parents. The study supports an

association seen in other studies between fruit and

vegetable or nutrient intake between children and

parents (17, 18). A novel finding is that 6-year-old

children’s intake of fresh fruit, fruit juice and

vegetables seems to be more related to that of their

father than their mother.

There was a positive correlation between fruit

and vegetable as well as vitamin C intake by the

children and the intake by both of their parents. The

correlation between parents; and children’s intakes

indicates that the parents’ fruit and vegetable intake

may encourage fruit and vegetable intake in their

children. Fisher et al. (18) reported that parents’

fruit and vegetable intake might encourage fruit and

vegetable intake in their daughters. An interesting

positive association was seen in the present study

between mothers’ and fathers’ vitamin C intake,

indicating a routine in the families regarding fruit

and vegetable consumption.

The results highlight the importance of family-

based intervention aiming at fruit and vegetable

intake. Further, this study suggests that it is

important that the father is included in the inter-

vention programme, not only the mother. The

correlation between serum vitamin C and dietary

vitamin C intake for an adult individual has been

seen elsewhere (4, 5), but the correlation of serum

concentration between family members has not

been shown previously. Childhood fruit consump-

tion is an important subject as it may have a long-

term protective effect against cancer risk in adults

(19). The present study investigated children at 6

years of age, the age when school begins, because

this is an important milestone in life where dietary

intervention programmes could be of importance.

Food habits are often established in childhood and

tend to be maintained into adulthood (20, 21).

Children’s food choices are shaped by individual

and societal factors and therefore parents and

caregivers play an important role in influencing

what children eat (22).

The average intake in the present study of fruit

and vegetables among 6-year-old children and their

parents was lower than the WHO population goal
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of 400 g of fruit and vegetables per day for adults

(8). It does not specify whether fruit juice should be

included. The Icelandic recommendation is �/200 g

fruit and �/200 g vegetables per day, or �/500 g per

day if fruit juice is included (9). Only 30% of

mothers and 10% of fathers consumed more than

200 g of fruit daily. The intake of vegetables was

exceptionally low, with only two mothers and one

father consuming the recommended amount of

�/200 g day�1. Although the consumption of fruit

and vegetables is much lower than the recom-

mended intake, the average intake has been increas-

ing over the past few decades among adults in

Iceland (9). A recommended intake for children has

not been established (23), but a lower intake than

recommended for adults could be acceptable for 6-

year-old children because of their lower energy

intake.

The association of vitamin C intake between

family members was assessed both excluding and

including dietary supplements. The lack of associa-

tion between children’s and their parents’ intake

when supplements were included is likely to be due

to relatively high doses used by some of the parents,

whereas very few children were found to use

supplements.

Serum vitamin C reflects recent intake of the

vitamin (24), and thus a single serum vitamin C

measurement, as used in the present study, could

misclassify many individuals with respect to their

long-term intake (25). However, in the present study

blood samples were obtained from children and

parents on the same day, so their serum levels would

be expected to reflect the intake during same period

for both parents and children. It could also be

expected that changes in the dietary habits of

parents would also cause changes in the children’s

habits.

Increased intake of fruit and vegetables has been

shown to reduce the risk of several diseases (1�3)

and the protective effects are suggested to be due

mainly to antioxidants. During the past few years,

school-based studies focusing specifically on fruit

have been published. A study in Minnesota, USA,

demonstrated a significant increase in observed

lunchroom intake of fruit and vegetables, and an

overall increase in reported fruit consumption, but

not vegetable consumption, among fourth and fifth

graders (26). Similarly, a 14% increase in the usual

daily servings of vegetables and fruit was observed

for a high-school programme, but this effect dis-

appeared by year 3 (27).

Although no long-term studies on children’s

consumption of fruit and vegetables or their serum

antioxidant status have been performed, it may be

assumed that a high concentration of antioxidants

in children’s blood could be important in reducing

the risk of cancer and cardiovascular disease later in

life. Several intervention studies have been per-

formed to increase consumption of these products.

Steptoe et al. reported that brief interventions could

be effective in increasing consumption of fruit and

vegetables (28). According to their results, interven-

tion early in life and by the family is worth

investigating. The present study supports this view.

Future studies need to focus on specific eating

behaviours related to fruit and vegetable consump-

tion.

In conclusion, the relationship between children’s

and their parents’ fruit and vegetable intake is

supported in the present study by an even stronger

correlation between family members in serum con-

centrations of vitamin C and b-carotene. Interven-

tions aimed at increasing fruit and vegetable

consumption by children should focus on the whole

family.
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