
RESEARCH Open Access

Tracking of fruit, vegetables and unhealthy
snacks consumption from childhood to
adulthood (15 year period): does exposure
to a free school fruit programme modify
the observed tracking?
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Abstract

Background: The rationale for promoting increased consumption of fruit and vegetables (FV) at an early age is
based on results from previous tracking-studies, indicating that dietary habits learned in childhood sustain into
adulthood. Previous tracking studies have several limitations (e.g. low study sample, few repeated measurements
and/or short a follow-up period). In addition, to our knowledge, no study has shown that a dietary intervention
initiated in childhood affects tracking of dietary behaviour. The main objectives in this study were therefore to
assess tracking of FV and unhealthy snacks in a large sample with multiple follow-up surveys over 15-years, and
whether exposure to free school fruit for one school year modified tracking.

Method: The longitudinal cohort-study, Fruit and Vegetables Make the Marks, included 38 randomly drawn schools
in Norway; nine intervention schools received free fruit (or vegetable) in the school year 2001/2002 and 29 schools
severed as control. The baseline sample included 1950 subjects, and 16–92% participated at five follow-up surveys
(2002–2016). FV consumption and unhealthy snacks were measured by FFQ. Mixed models were applied to
estimate overall tracking coefficients, and to assess whether the intervention modified tracking ((from baseline, from
follow-up one (while intervention was running) and from follow-up two (after end of intervention)).

Results: Overall tracking coefficients were 0.33 for fruit, 0.36 for vegetables and differed by sex for unhealthy snacks:
0.46 males and 0.39 for females (interaction p = 0.065). Most analyses showed no significant difference in tracking
between the intervention group and control group. However, from follow-up one, tracking coefficients were
different for unhealthy snacks, 0.46 vs. 0.38 (interaction p = 0.036), and from follow-up two for vegetables, 0.35 vs
0.48 (p = 0.036), in the intervention group and control group, respectively.

Conclusion: Our results indicate low to moderate tracking of FV and unhealthy snacks from childhood to
adulthood. We found little evidence that the free fruit intervention modified tracking of fruit, vegetables or
unhealthy snacks. More research is needed on if or how we can influence the tracking of fruit, vegetables and
unhealthy snacks consumption to improve public health.
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Background
As the health gain of consuming fruit and vegetables
(FV) are well documented [1–5] and most western
countries, including Norway, have a lower consumption
than recommended [6–8], many public health initiatives
have been launched to promote FV consumption.
Notably, many of those initiatives have targeted children
[9–12]. The rationale for promoting consumption of FV
at an early age is often based on results from
tracking-studies, which have shown that dietary habits
to some extent sustain from childhood to adulthood
[13]. By using tracking as an argument to implement in-
terventions early, it is assumed that dietary interventions
initiated in childhood will maintain to a significant ex-
tent later on in life i.e. that the newly gained intake
levels will track throughout the rest of life. However, to
our knowledge, no study has looked into the tracking of
dietary behaviours after participating in an intervention
nor whether interventions may influence the tracking of
dietary behaviours.
Tracking can be defined as the maintenance of the

relative position of a health related behaviour in rank at
the group level, or the relative stability over a period of
time [14]. Tracking studies which include fruit, vegeta-
bles, and unhealthy snacks (soft drinks, chocolate/
sweets/crisps) as separate food groups have generally
shown poor to moderate tracking [15–18]. Studies
reporting dietary tracking have used longitudinal studies
(e.g. health studies), usually including data from two or
three timepoints and vary in the number of years cov-
ered and by sample size included per timepoint [13, 19].
Further, dietary methods used to assess tracking include;
questionnaire items, FFQ, dietary history interviews,
dietary recalls and diet diaries [19]. A wide range of
statistical methods have been used to evaluate tracking;
stability in rank, Kappa, odds ratio and correlation
coefficients [13].
A systematic review reported that it was likely that the

strength of dietary tracking was underestimated, due to
methodological difficulties in quantifying habitual behav-
iour [13]. In general, tracking studies are difficult to com-
pare due to difference in study design, methods of dietary
assessment and use of statistical methods [14, 16, 19].
Furthermore, many studies only provide data from two or
three time-points which limits the opportunity to gain
knowledge into trajectories over time [19].
For the promotion of dietary habits, tracking provides

insight into when dietary habits may persist over time,
into which life stages people are responsive to interven-
tions and can also be of use to improve the content of fu-
ture interventions [17]. If an intervention is able to
improve dietary behaviour while operating, it is interesting
to examine if and how the behaviour (targeted by the
intervention) continuous to track after the intervention

period. Furthermore, as several dietary methods are used
to examine dietary tracking, knowledge about how the use
of dietary methods can affect the results are of
importance.
In Norway, the Fruit and Vegetables Make the Marks

(FVMM) research project provided one piece of fruit
daily to children at elementary school for one year.
Previous results from FVMM showed increased
consumption of fruit in the intervention group while the
intervention was operating [11], one [20] and three [21]
and 14 (manuscript accepted for publication in AJCN),
but not seven years after the intervention ended [22]. In
addition, a significant reduction of consumption of
unhealthy snacks was found among children with lower
educated parents while the intervention was operating
and seven years after the intervention ended [11, 22].
Thus, in the FVMM cohort, longitudinal data is

available for fruit, vegetable and unhealthy snacks con-
sumption, providing the opportunity to assess tracking
with six repeated measurements over a period of 15
years. Moreover, the FVMM provides the opportunity to
study whether tracking differs by dietary method. As
mentioned, tracking studies vary in the methodologies
used which limits comparability. In the current study FV
intake was assessed by two different methods; i.e. a food
frequency questionnaire (FFQ) and a 24-h recall (24-h).
As the FFQ is a better measure for assessing habitual
intake, we assume that this measure provides a more
precise estimate while the 24-h recall is dependent on
the intake at one day and as a result shows lower
stability.
Therefore, the objectives of the present study are to 1)

investigate the potential tracking of fruit, vegetable and
snacks consumption from childhood to adulthood, 2) to
investigate if exposure to one year of free school fruit at
primary school modified tracking of fruit, vegetables and
unhealthy snacks from childhood to adulthood and 3) to
study if tracking coefficients differ by the dietary
methods FFQ and 24-h recall.

Materials and methods
Design and study sample
The current study sample consists of participants from
the FVMM cohort study. In 2001, 38 elementary schools
from two counties (Hedmark and Telemark) in Norway
were randomly drawn to participate in the FVMM study.
Within one of the counties (Hedmark), nine schools
were randomly selected as interventions schools and
participated in the Norwegian School Fruit Scheme
without parental payment; thus, receiving one piece of
fruit or vegetable once every school day from October
2001 to June 2002 [21].
In September 2001, a baseline questionnaire survey

was conducted. Follow-up surveys were conducted in
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May 2002, May 2003 (only 6th graders), May 2005, May
2009 and January–December 2016. The baseline
questionnaire and three follow-up surveys (May 2002,
May 2003 and May 2005) were conducted by trained
research staff travelling to the respective schools. The
fourth follow-up (May 2009) survey was sent by mail. At
the fifth follow-up (2016), participants were contacted
by phone and social media. A research profile was cre-
ated for each of the four project workers to locate poten-
tial baseline participants. Verified participants were sent
a private message with information about the project.
The participants could answer the questionnaire by 1)
receiving a link to the online questionnaire on Facebook
or e-mail or 2) provide their answers on a phone
interview.
The FVMM baseline cohort includes 1950 pupils; 966

girls and 984 boys, 585 were in the intervention group
and 1365 in the control group. Estimated mean age was
11.8, 12.5, 12.0, 15.5, 19.5 and 26.5 years in 2001 (base-
line), 2002, 2003, 2005, 2009 and 2016, respectively. A
total of 1794 (92%), 918 (53%), 1602 (82%), 320 (16%)
and 982 (50%) participated at the follow-up surveys in
2002, 2003, 2005, 2009 and 2016. For more information,
see the consort flow chart [Additional file 1].

Instruments
Two instruments were used to measure fruit and vege-
table consumption; a 24-h recall and a food frequency
questionnaire (FFQ), [Additional file 2]. The written
24-h recall was used to assess participants daily con-
sumption of fruit and vegetables (portions/day). For the
24-h recalls conducted in 2001, 2002, 2003 and 2005,
the pupils were requested to record their consumption
the previous school day (surveys were conducted on
weekdays, Tuesday through Friday). To help the pupils
recall their intake, the day was divided into five periods:
before school, at school, after school, at dinner and after
dinner. The 24-h recall part of the questionnaire was
read aloud to the participants in 2001 and 2002 (first
follow-up) by a project worker. In 2009 and 2016, data
included both weekdays and weekend days and partici-
pants were asked to report their FV consumption the
previous day, and the day was separated into periods
more applicable for adults: breakfast, lunch (between
breakfast and dinner), dinner and supper (after dinner).
At all timepoints, participants were also asked to record
FV consumed in-between meals. Fruit and vegetable
consumption was calculated separately (portions/day).
Additionally, usual fruit and vegetable consumption

(times/week) was measured with four food frequency
questions (FFQ). Unhealthy snacks consumption was
measured by three FFQs (soda, candy, potato chips),
which was merged into an unhealthy scale ranging from
0 to 30 times/week. The reply options for fruit,

vegetable, and unhealthy snacks consumption were:
Never, less than once a week, once a week, twice a week,
three times a week, four times a week, five times a week,
six times a week, every day, several times per day. The
questions from the food frequency questions and the
24-h recall have previously been presented, and their
validity and reliability have been reported for fruit and
vegetable consumption among pupils in the 6th grade
[23]. The FFQ questions used to measure consumption
of unhealthy snacks have not been validated. A
test-retest found that scores in the unhealthy snacks
scale were significantly correlated, and mean values were
not significantly different in two assessments 14 days
apart [24].
At baseline, pupils reported their sex and their parents

recorded their level of education (lower education: no
college or university education or higher education:
attended college or university).

Data analysis
Descriptive and drop-out analysis
All statistical analysis was conducted using the statistical
software package STATA 15.0 (StataCorp LLC, College
station, TX, USA). All descriptive information is
presented in Table 1, previous studies have explored
differences in the FVMM dataset [20–22].
To investigate the drop-out mechanism, two analyses

were performed. Firstly, drop-out analysis to explore
possible differences in fruit, vegetable and unhealthy
snacks consumption at the previous measurement
between drop-outs and respondents at all follow-ups
(within groups) were done by independent t-test.
Secondly, subjects with no-missing data (responded to
all six measurements) were compared to subject with
missing data (did not respond to 1 ≥measurements)
regarding weekly and daily consumption of fruit,
vegetables and unhealthy snacks, gender and parental
education over time.

Main analysis
Tracking was assessed by mixed model analyses, using
all available longitudinal data, as suggested by Twisk
[25] in which the baseline value was regressed on the
outcome measured at the 5 follow-up measurements.
Mixed model analyses must be used because the
repeated observations within the subjects are highly
correlated. The regression coefficient for baseline daily/
weekly fruit, vegetable and unhealthy snacks consumption
can be interpreted as the tracking coefficient, where values
close to one indicate high tracking and values close to zero
indicate low tracking. Further, the model allows for
adjustment of covariates, both time-independent and
time-dependent. The assumptions for linear mixed models
were checked and met.
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To analyse tracking of fruit, vegetables, and
unhealthy snacks over a 15-year period the total
sample was used with adjustment for the intervention.
The analysis was repeated with the control group
only, which gave the same results (analysis not
shown). The models were further adjusted for
parental education and/or sex and in addition, both
parental education and sex was examined as a
possible effect modifier and reported separately if the
interaction was significant.
To investigate whether the intervention influenced

tracking, assessment of tracking from respectively
baseline, follow-up one and follow-up two were done by
adding the interaction between the intervention and the
initial measure to the model (baseline, follow-up one
and two). Investigationsof tracking was done at several
timepoints because; at baseline the control group had a
higher consumption of fruit (24-h recall) than the inter-
vention group. At follow-up one, the intervention was
still operating, and the intervention group had higher
consumption of fruit than the control group. At

follow-up two, the intervention was over, however, only
the initial 6th graders answered the questionnaire, as the
initial 7th graders were in secondary high school in May
2003. Tracking analysis of vegetables by intervention
was done, however previously published papers has
indicated that school fruit schemes do not affect
vegetable consumption [26]. Again, the analyses were
adjusted for sex and parental education.
Tracking coefficients are not capable of giving

information of predictability, therefore supplementary
analysis was done with dichotomous outcomes of
weekly/daily fruit and vegetables and unhealthy
snacks. Subjects within the intervention and control
group were categorized whether they were in the
highest tertile of daily/weekly fruit and vegetables
consumption and weekly unhealthy snacks consump-
tion. Odds ratios were calculated for being in the
highest tertile over time for subjects who were in the
highest tertile at respectively baseline, follow-up one
and two [27]. Odds ratios were calculated with logis-
tic generalized estimation equation analysis [25].

Table 1 Description of the sample at all timepoints by intervention and control

Baseline (2001) Follow-up 1 (2002) Follow-up 2 (2003)*

Intervention Control Intervention Control Intervention Control

p-value p-value p-value

N 585 1365 532 1262 293 625

Gender (% female) 49 50 0.488 49 50 0.517 46 51 0.102

Parental education (% high) 48 39 < 0.001 48 39 0.001 46 40 0.115

Mean ± SD Mean SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD

Fruit (portions/day) 1.3 ± 1.5 1.5 ± 1.9 0.009 1.7 ± 1.6 1.2 ± 1.5 < 0.001 1.4 ± 1.4 1.2 ± 1.4 0.005

Fruit (times/week) 7.3 ± 4.4 7.6 ± 4.4 0.298 7.7 ± 4.1 7.2 ± 4.4 0.051 7.6 ± 4.2 7.4 ± 4.2 0.700

Vegetable (portions/day) 0.8 ± 1.1 0.9 ± 1.3 0.287 0.6 ± 1.0 0.6 ± 1.0 0.451 0.6 ± .09 0.6 ± 0.9 0.860

Vegetable (times/week) 6.5 ± 3.9 6.6 ± 3.8 0.763 7.1 ± 3.8 6.3 ± 3.9 < 0.001 6.6 ± 3.5 6.4 ± 3.6 0.280

Unhealthy Snacks (times/week) 6.5 ± 4.1 7.2 ± 7.7 0.001 6.3 ± 4.4 7.4 ± 5.1 < 0.001 6.0 ± 3.9 7.1 ± 5.0 < 0.001

Follow-up 3 (2005) Follow-up 4 (2009) Follow-up 5 (2016)

Intervention Control Intervention Control Intervention control

p-value p-value p-value

N 500 1101 112 208 297 685

Gender (% female) 48 52 0.200 59 64 0.355 54 55 0.917

Parental education (% high) 48 40 0.004 53 46 0.229 54 48 0.141

Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD

Fruit (portions/day) 1.2 ± 1.4 1.2 ± 1.6 0.820 1.2 ± 1.4 1.0 ± 1.3 0.245 1.3 ± 1.3 1.2 ± 1.3 0.858

Fruit (times/week) 7.5 ± 4.3 7.0 ± 4.5 0.020 6.4 ± 4.3 6.0 ± 4.2 0.417 6.3 ± 3.6 6.3 ± 3.5 0.903

Vegetable (portions/day) 1.0 ± 1.3 0.9 ± 1.4 0.293 1.0 ± 1.1 1.0 ± 1.08 0.763 1.6 ± 1.4 1.5 ± 1.4 0.600

Vegetable (times/week) 6.9 ± 3.9 6.3 ± 3.7 < 0.001 6.6 ± 3.8 6.5 ± 3.9 0.825 7.8 ± 3.3 8.1 ± 3.4 0.301

Unhealthy snacks (times/week) 6.5 ± 5.2 7.2 ± 5.1 0.013 4.7 ± 3.4 5.4 ± 4.8 0.143 3.7 ± 2.6 4.1 ± 2.9 0.050

T-test for continuous variables. Chi square for categorical variables. *Follow-up 2 included only initially 6th graders (not 7th graders as they in May 2003 were in
secondary elementary schools
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To investigate if tracking differed by FFQ and 24-h re-
call the exact same analyses were applied to the longitu-
dinal data derived from the two dietary methods.
We used the p < 0.05 to indicate statistical significant

associations. For interaction terms p < 0.1 was used, as
interaction terms are a multiplication of two variables
which include measurement error [28].

Results
Description and analysis of missing data
Descriptive information of the study sample is shown in
Table 1. Drop-out assessment between drop-outs and
respondents at all follow-ups by the latter measurement
[see Additional file 3], generally found that respondents
had a higher mean consumption of fruit and vegetables
and lower consumption of unhealthy snacks than
drop-outs, both within the intervention and control
group. However, there were more (at several timepoints)
significant differences between drop-outs and respon-
dents within the control group.
The mean consumption (over time) between responders

who had had no-missing and 1 ≥missing at follow-ups
within the intervention and control group revealed no
differences for weekly fruit consumption [see Additional
file 4]. For weekly- and daily vegetable consumption,
respondents with 1 ≥missing had a lower mean consump-
tion than no-missing within both groups. Regarding daily
fruit consumption, responders with no-missing in the
intervention group had a higher consumption, while in
the control group respondents with 1 ≥missing had a
higher consumption. The mean consumption of snacks
was higher among missing than no-missing in both
groups. In both groups, a higher percentage of no-missing
respondents were female, and their parents had a higher
level of education compared to those who had 1 ≥missing.

Main results
The tracking coefficients were hardly affected by adjust-
ments of sex and parental education; therefore, we only
present the coefficients from the adjusted model.

Overall tracking of fruit, vegetables and unhealthy snacks
by dietary methods
FFQ
The adjusted tracking coefficient for weekly fruit and
vegetable consumption, covering a period of 15-years was
0.33 (95% CI 0.29, 0.36) and 0.36 (95% CI 0.33, 0.40),
Table 2. The tracking coefficient for snacks was signifi-
cantly different for males and females 0.46 (95% CI 0.41,
0.51) vs 0.39 (95% CI 0.24, 0.44), respectively.

24-h recall
There was a significant (p = 0.006) interaction between
baseline daily fruit consumption and parental education,

as subjects with parents of lower education had a lower
tracking (0.19 (95% CI 0.15, 0.22)) coefficient than sub-
jects with higher education (0.26 (95% CI 0.22, 0.30)).
The adjusted tracking coefficient for daily vegetable con-
sumption was 0.14 (95% CI 0.11, 0.17).

Prediction of being in the highest tertile
Males had a significantly higher OR 3.56 (95% CI 2.76,
4,61) of remaining in the highest tertile of weekly
vegetable consumption compared to females OR 2.19
(95% CI 1.78, 2.70). No other significant differences were
found.

Tracking of fruit, vegetables and unhealthy snacks by
intervention and by dietary methods
FFQ
The tracking coefficient for snacks from follow-up one
was significantly different in the intervention and control
group, 0.46 (95% CI 0.39, 0.53) vs. 0.38 (95% CI 0.33,
0.42), respectively, Table 3. From follow-up two, the con-
trol group had a significantly higher tracking coefficient
for weekly vegetables compared to the intervention
group, 0.48 (95% CI 0.38, 0.59) vs. 0.35 (95% CI 0.28,
0.42). No other significant differences were found.

Table 2 Tracking of fruit, snacks and vegetables from baseline
to follow-up 5 in the total sample

Tracking**

Tracking
coefficient

95% CI p-value for
interaction*

Fruit: times/week 0.33 0.29, 0.36

Fruit portions/day

Lower education 0.19 0.15, 0.22 0.006

Higher education 0.26 0.22, 0.30

Vegetables: times/week 0.36 0.33, 0.40

Vegetables: portions/day 0.14 0.11, 0.17

Snacks: times/week

Male 0.46 0.41, 0.51 0.065

Female 0.39 0.24, 0.44

Longitudinal prediction of being
in the highest tertile of intake***

OR 95% CI

Fruit: times/week 2.64 2.26, 0.09

Fruit: Portions/day 2.81 2.36, 3.35

Vegetables: times/week

Males 3.56 2.76, 4.61 0.004

Females 2.19 1.78, 2.70

Vegetables: portions/day 1.78 1.51, 2.09

Unhealthy Snacks: times/week 4.61 3.90, 5,44

Adjusted for intervention, sex and parental education
*Results presented separately due to significant interaction P < 0.1
**Performed by Mixed Models
***Performed by GEE
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Table 3 Tracking and odds ratio of being in the highest tertile by intervention and control

Tracking**

Intervention Control

Tracking coefficient 95% CI Tracking coefficient 95% CI p-value for interaction*

Fruit: Times/week

Baseline-follow-up 5 0.33 0.28, 0.39 0.33 0.29, 0.37 0.874

Follow-up 1 -follow-up 5 0.36 0.29, 0.43 0.39 0.34, 0.43 0.609

Follow-up 2 -follow-up 5 0.39 0.29, 0.49 0.37 0.31, 0.44 0.822

Vegetables: Times/week

Baseline-follow-up 5 0.36 0.32, 0.40 0.37 0.32, 0.43 0.603

Follow-up 1 -follow-up 5 0.34 0.29, 0.38 0.39 0.32, 0.46 0.161

Follow-up 2 -follow-up 5 0.35 0.28, 0.42 0.48 0.38, 0.59 0.035

Unhealthy snacks: Times/week

Baseline-follow-up 5 0.44 0.40, 0.48 0.40 0.33, 0.47 0.322

Follow-up 1 -follow-up 5 0.46 0.39, 0.53 0.38 0.33, 0.42 0.036

Follow-up 2 -follow-up 5 0.34 0.23, 0.44 0.38 0.32, 0.43 0.511

Fruit: Portions/day

Baseline-follow-up 5 0.33 0.27, 0.39 0.18 0.15, 0.21 < 0.001

Follow-up 1 -follow-up 5 0.29 0.23, 0.35 0.19 0.15, 0.24 0.013

Follow-up 2 -follow-up 5 0.33 0.23, 0.43 0.26 0.18, 0.33 0.231

Vegetables: Portions/day

Baseline-follow-up 5 0.13 0.10, 0.17 0.16 0.10, 0.22 0.493

Follow-up 1 -follow-up 5 0.17 0.19, 0.23 0.30 0.21, 0.38 0.013

Follow-up 2 -follow-up 5 0.27 0.18, 0.37 0.24 0.08, 0.38 0.662

Longitudinal prediction of being in the
highest tertile of intake***

OR 95% CI OR 95% CI p-value for interaction*

Fruit: Times/week

From baseline 2.50 1.90, 3.30 2.70 2.24, 3.27 0.650

From follow-up 1 2.31 1.65, 3.23 3.32 2.67, 4.14 0.074

From follow-up 2 2.71 1.70, 4.32 2.56 1.84, 3.58 0.533

Fruit: Portions/day

From baseline 3.15 2.34, 4.23 2.65 2.13, 3.28 0.347

From follow-up 1 3.10 2.20, 4,33 2.15 1.61, 2.87 0.110

From follow-up 2 2.00 1.20, 3.32 2.61 1.76, 4.09 0.436

Snacks: Times/week

From baseline 4.18 3.11, 5.62 4.81 3.93, 5.88 0.608

From follow-up 1 4.76 3.38, 6.70 4.46 3.51, 5.68 0.762

From follow-up 2 2.67 1.55, 4.60 5.90 4.12, 8.44 0.017

Vegetables: Times/week

From baseline 3.08 2.32, 4.11 2.47 2.03, 3.01 0.209

From follow-up 1 3.23 2.32, 4.48 3.01 2.40, 3.79 0.740

From follow-up 2 3.84 2.34, 6.28 2.94 2.08, 4.16 0.389

Vegetables: Portions/day

From baseline 1.82 1.37, 2.41 1.78 1.47, 2.17 0.941

From follow-up 1 2.41 1.69, 3.43 1.69 1.30, 2.19 0.112

From follow-up 2 1.75 1.09, 2.80 2.24 1.54, 3.26 0.418

All analysis was adjusted for sex and parental education
*interaction < 0.1 is considered significant
**Performed by Mixed Models
***Performed by GEE
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24-h recall
From baseline to follow-up five and from follow-up one
to follow-up five, the daily tracking of fruit coefficient
was significantly different for intervention- and control
group 0.33 (95% CI 0.27, 0.39) vs 0.18 (95% CI 0.15,
0.21) and 0.29 (95% CI 0.23, 0.35) vs 0.19 (95% CI 0.15,
0.24), respectively, Table 3. From follow-up one, the con-
trol group had a significantly higher tracking coefficient
for daily vegetables compared to the intervention group,
0.30 (95% CI 0.21, 0.38) vs. 0.17 (95% CI 0.19, 0.23). No
other significant differences were found.

Prediction of being in the highest tertile
Prediction of being in the highest tertile for weekly fruit
consumption from follow-up one to five was higher in
the control group OR 3.32 (95% CI 2.67, 4.14) compared
to the intervention group OR 2.31(95% CI 1.65, 3.23),
Table 3. Further, the subjects in the control group (OR
5.90 (95% CI 4.12, 8.44)) had a higher predictability for
being in the highest tertile of consumption of snacks
compared to the intervention group (OR 2.67 (95% CI
1.55, 4.60)) from follow-up two. No other significant
differences were found.

Discussion
The current study presents tracking coefficients for fruit,
vegetables and unhealthy snacks covering a 15-year
period. To our knowledge, this is the first tracking study
presenting separate tracking coefficients for fruit and
unhealthy snacks after a dietary intervention.

Overall tracking of fruit, vegetables and unhealthy snacks
Based on the FFQ, covering a 15-year period in the total
sample, tracking coefficients of fruit and vegetables were
0.33 and 0.36, respectively, which is considered low to
moderate and is in line with the literature [13]. Further, the
tracking coefficient for unhealthy snacks were 0.46 for
males and 0.40 for females, indicating that males had a
more stable consumption over time. Predictability for
weekly vegetable consumption was significantly higher for
males that females, but predictability of fruit and unhealthy
snacks consumption did not differ between the sexes.
Our analysis based on the 24-h recall found that

subjects who had parents with higher education had a
higher tracking coefficient of fruit than their counter-
parts. Although this result was not confirmed in the ana-
lysis based on the FFQ, it might indicate that stability of
fruit consumption may be related to socioeconomic sta-
tus, however this needs to be examined and explored in
other studies.
The existing evidence of tracking of fruit, vegetables

and unhealthy snacks in children and adolescents derives
from studies with different design, various methods used
and variation in number of years followed [13]. We have

not been able to identify other studies using mixed
models for assessing tracking of fruit, vegetables and
unhealthy snacks which makes comparison difficult.
Furthermore, no other studies have previously reported
tracking of dietary habits after a dietary intervention
period. A study by te Velde et al., however, used a
similar statistical method (GEE) reported comparable
tracking coefficients for fruit and vegetable over a
24-year period with six measurements [15]. Patterson et
al. found poor tracking for vegetables, fair tracking for
fruit and weak tracking for different snacks using
Cohens’s weighted kappa over a 6-year period and the
design of the study allowed for just two measurements
[17]. The weak tracking coefficients in the latter study
can be explained by the dietary method on which they
based their analysis; one single 24-h recall, which is less
suitable for assessing tracking. Further, Lien et al., ana-
lysed by stability and rank [16], and reported good track-
ing of fruit, vegetables and sweets/chocolate. Lake et al.
used Pearson’s correlation coefficient and reported track-
ing for fruit and vegetables (combined) but found no
correlation of sugary foods over a 20-year period [18].
The statistical methods and/or design used by Patterson,
Lien and Lake has the disadvantage of only using two
measurements as opposed to our study where the statis-
tical method allowed for utilization of all available data.
In our study, we only found a significant difference for
tracking of snacks by gender, where boys had a higher
tracking coefficient, as opposed to Lien et al. who found
that girls had higher stability of consumption of sweets/
chocolate and soft drinks [16].

Tracking of fruit, vegetables and unhealthy snacks by
intervention
Ideally, public health interventions and initiatives should
have lifelong effects. The main argument used for initi-
ation of interventions promoting increased FV consump-
tion at an early age is that dietary habits learned in
childhood “tracks” into adulthood. So far, no study has
actually evaluated if tracking of diet over years has been
modified by a dietary initiative. It is important to realize
that the tracking coefficient concerns the relative
position of a subject, so if everyone increases their intake
the same amount (because of an intervention), the
tracking coefficient will not change. It will only change if
some subjects change more than others and when their
relative position changes.
We found no significant difference between the inter-

vention and the control group when analysing tracking
of weekly fruit consumption. The tracking coefficient for
unhealthy snacks was significantly higher in the inter-
vention- compared to the control group from follow-up
one (while the intervention was operating), but not from
baseline and follow-up two (right after the intervention
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ended). Indicating that from follow-up one, the interven-
tion group had a higher stability of unhealthy snacks
compared to the control group. The subjects in the
intervention group generally had a lower mean con-
sumption of unhealthy snacks compared to the control
group at all time-points (Table 1). Therefore, a higher
tracking of unhealthy snacks shown in the present
study indicates that the intervention group maintained
a lower consumption over time. Further, the tracking
coefficient for vegetables (times/week) was significantly
higher in the control group from follow-up two, indicating
a higher stability of consumption. However, the
unadjusted consumption of vegetables (times/week) was
lower in the control group compared to the intervention
group at most timepoint, Table 1.
Predictability of remaining in the highest tertile of

weekly fruit consumption from follow-up one was higher
in the control group than the intervention group, but
not from baseline and follow-up two. At follow-up one,
the intervention was still operating and the subjects in
the intervention group had a higher mean consumption
of fruit. Therefore, it is likely that when the intervention
ended, more subjects fell into the second and first tertile
of consumption, thus lower predictability of remaining
in the highest tertile. Further, within both groups and at
all timepoints, subjects in the highest tertile at the initial
measure had higher odds of remaining in the highest
tertile over time, indicating that if you are a high
consumer in childhood you are more likely to be a high
consumer in adulthood (Table 3).
From follow-up two (just after the intervention ended)

the participants in the control group had a significantly
higher odds compared to the intervention group of
remaining in the highest tertile of unhealthy snacks, but
not from baseline and follow-up one, indicating that
participants in the intervention group had a lower odds
ratio of remaining in the highest tertile of unhealthy
snacks.
Combined, the tracking- and prediction analyses used

in the present study suggest that one year of school fruit
provided without parental payment for 11.8-year-old
children does not lead to different tracking coefficients
of weekly fruit consumption from childhood to
adulthood.
If the school fruit scheme actually modified tracking of

fruit, we would expect lower tracking from baseline and
higher tracking coefficients from follow-up one and two
in the intervention group compared to the control
group. A lower tracking coefficient from baseline would
indicate a higher degree of fluctuation (within and be-
tween subject), preferably subjects with a low consump-
tion increasing their intake over time. A higher tracking
coefficient from follow-up one and two in the interven-
tion group compared to control group would indicate

that that the subjects to a higher degree maintained their
high consumption over time. However, our prediction
analysis suggests that if you are a high consumer in
childhood you are also more likely to be a high con-
sumer in adulthood.
On the other hand, we did observe significantly

different tracking of unhealthy snacks between the
groups from follow-up one; subjects in the intervention
group had a higher tracking coefficient (and a lower
consumption). These results may indicate that the
school fruit scheme influenced tracking of unhealthy
snacks. Yet, this was not sustained from follow-up two.

Tracking coefficients by dietary methods
When interpreting the tracking coefficients, several
considerations need to be kept in mind. Firstly, the mag-
nitude of the tracking coefficient is dependent on the
length of the time measurement(s) [29]. A high tracking
coefficient over a short period of time may just be
evidence of reliability of the used method, while a lower
tracking coefficient over a long period of time, as found
in this study, may be a stronger indication of tracking
[29]. Secondly, tracking coefficients are influenced by
measurement error. For instance, tracking coefficients
for dietary consumption is lower than tracking of
biological properties [30]. The reason for lower tracking
of dietary consumption compared to i.e. biological prop-
erties is probably partly due to lower tracking, but also
because it is difficult to measure dietary consumption, as
eating behaviour can be highly variable both within and
between days for an individual [30]. Hence, it is import-
ant to use a dietary measure which reflects habitual
dietary consumption, i.e. FFQ, as used in this study,
reflects habitual dietary (i.e. less measurement error)
consumption better than a single 24-h recall. As
mentioned, one single 24-h recall does not reflect usual
dietary consumption at the individual level and may be
more susceptible to daily variations and consequently
provide low tracking coefficients. The current study
confirmed that assumption. Still, the results of the 24-h
recall are interesting and were thus presented, as it can
be useful for other researchers to see how choice of diet-
ary methods may influence results from tracking
analysis.

Strengths and limitations
The main strength of this study was that we assessed
tracking over 15 years according to a dietary interven-
tion, which has not been done before. Further, we used
all six measurements and a suitable statistical test,
providing knowledge into trajectories over time. We
compared tracking coefficients derived from two dietary
methods; FFQ and 24-h recall, where FFQ, is suitable for
assessing tracking and gives an indication of habitual
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consumption [31]. Another strength of the present study
is that both unhealthy and healthy dietary variables were
studied, which provides a broader insight into dietary
behaviour from childhood to adulthood.
Longitudinal studies are prone to loss of participants

at follow-up, and this study is no exception. In 2009, the
survey was sent to participants by regular mail. In
addition, the participants had to send their completed
survey back by regular mail. The delivery and return of
the survey most likely led to the low participation in
2009. However, drop-out was much smaller for the other
surveys. We performed two drop-out analyses which
showed that drop-outs or subjects with one or several
missing measurements, generally had a lower weekly
consumption of fruit and vegetables and higher con-
sumption of unhealthy snacks. Further, girls and subjects
with higher educated parents were better represented at
the follow-ups. The rather large drop-out may have
affected the results, however, we used mixed models for
repeated measurements, which is an analysis that
handles data with missing observations. Although we
adjusted for sex and parental education, there might be
other confounders e.g. total energy consumed which we
did not have the opportunity to control for. The popula-
tion in the FVMM is not a representative sample of the
Norwegian population regarding parental education. In
1999, 28,5% of the population in Norway aged 34–44
years had higher education, which is lower than
observed in the FVMM study [32].
The main challenge of estimating tracking coefficients

for eating behaviour lies in measurement challenges, as
eating behaviour can be highly variable both within and
between days for an individual. Therefore, we don’t
know how much of the low to moderate tracking coeffi-
cient may be explained by measurement error. In
addition, all methods for collecting self-reported dietary
data have well-known limitations [33].
Another limitation of this study is the Norwegian

School Fruit Scheme (NSFS). The NSFS is a paid
subscription program providing daily fruit to pupils at
school, while the FVMM intervention was operating.
Initially, schools could decide if they wanted to partici-
pate in the program. At participating schools’ parents
could decide if they wanted to subscribe. All 29 FVMM
control schools in the were given the opportunity to par-
ticipate in the NSFS. Nine control schools participated,
and 20 control schools declined to participate in the
programme in the school year 2001/2002. In the nine
control schools participating, there were both sub-
scribers and non-subscribers (41% of the pupils
subscribed).
Another limitation of the present study was the use of

a non-validated measure for unhealthy snacks. Addition-
ally, unhealthy snacks are a combined measure, which

included both information about soda, crisps and candy/
chocolate consumption. Therefore, we were not able to
identify the contribution of the different snacks items to
the tracking coefficient and how the foods would track
separately.

Conclusions
Our results indicate low to moderate tracking of fruit,
vegetables and unhealthy snacks covering a 15-year
period. These findings suggest that these dietary
habits persist from childhood to adulthood, but are
not yet stabilized in childhood, indicating that the
habits are modifiable. We found little evidence that
providing school fruit for one year in primary school
led to changes in tracking of fruit, vegetables or
unhealthy snacks. More research is needed on if or
how we can influence the tracking of fruit, vegetables
and unhealthy snacks consumption to improve public
health: I.e. is it possible to increase children’s con-
sumption of fruits and vegetables and does this in-
creased level track into adulthood? The current study
indicates that FFQ reflects habitual dietary consump-
tion better than one single 24-h recall and is there-
fore more appropriate when assessing tracking.

Additional files

Additional file 1: CONSORT flow chart (word-file). (DOC 53 kb)

Additional file 2: First page of both questionnaires (24 h-recall and FFQ)
(PDF-file). (PDF 7 kb)

Additional file 3: Table: Difference between drop-outs and respondents
by group (word-file). (DOCX 19 kb)

Additional file 4: Table: Overall difference mean/percentage between
1 ≥missing and no missing within the intervention and control group
(word-file). (DOCX 16 kb)

Abbreviations
FV: Fruit and vegetables; FVMM: Fruit and Vegetables Make the Marks;
GEE: Generalized estimation equation analysis; NSFS: Norwegian School Fruit
Scheme; SES: Socioeconomic status

Acknowledgements
Not applicable.

Funding
The initial FVMM project was financed by the Norwegian Research Council
and the latter data collection was funded by the University of Agder.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Authors’ contributions
EB and K-IK designed the FVMM project, and IMH, EB and THS designed the
present study. IMH conducted the analysis with supervision from JT and StV.
IMH wrote the manuscript with input from EB, TSH, StV, JT and K-IK. All
authors read and approved the final manuscript.

Ethics approval and consent to participate
Informed consent was obtained from both the parents and the children
prior to the study. The National Committees for Medical and Health Research

Hovdenak et al. International Journal of Behavioral Nutrition and Physical Activity           (2019) 16:22 Page 9 of 10

https://doi.org/10.1186/s12966-019-0783-8
https://doi.org/10.1186/s12966-019-0783-8
https://doi.org/10.1186/s12966-019-0783-8
https://doi.org/10.1186/s12966-019-0783-8


Ethics (REK) (file number S-01076) in Norway gave ethical approval and
research clearance for the initial study (baseline and first and second
follow-up). The subsequent surveys were approved by The Norwegian
Centre for Research Data (NSD) (file number 12395).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Department of Public Health, Sport and Nutrition, University of Agder,
Kristiansand, Norway. 2Department of Epidemiology and Biostatistics, the
Amsterdam Public Health research institute, VU University Medical Center,
Amsterdam, The Netherlands. 3Department of Nutrition, Faculty of Medicine,
University of Oslo, Oslo, Norway. 4Department of Health and Inequalities &
Centre for Evaluation of Public Health Measures, Norwegian Institute of
Public Health, Oslo, Norway.

Received: 16 July 2018 Accepted: 7 February 2019

References
1. Boeing H, Bechthold A, Bub A, Ellinger S, Haller D, Kroke A, Leschik-Bonnet

E, Müller M, et al. Critical review: vegetables and fruit in the prevention of
chronic diseases. Eur J Nutr. 2012;51(6):637–63.

2. Schwingshackl L, Hoffmann G, Kalle-Uhlmann T, Arregui M, Buijsse B, Boeing
H. Fruit and vegetable consumption and changes in anthropometric
variables in adult populations: a systematic review and meta-analysis of
prospective cohort studies. PLoS One. 2015;10. https://doi.org/10.1371/
journal.pone.0140846.

3. Wang X, Ouyang Y, Liu J, Zhu M, Zhao G, Bao W, Hu FB. Fruit and vegetable
consumption and mortality from all causes, cardiovascular disease, and
cancer: systematic review and dose-response meta-analysis of prospective
cohort studies. BMJ. 2014;349. https://doi.org/10.1136/bmj.g4490.

4. Lock K, Pomerleau J, Causer L, Altmann DR, McKee M. The global burden of
disease attributable to low consumption of fruit and vegetables:
implications for the global strategy on diet. Bull World Health Organ. 2005;
83:100–8.

5. Aune D, Giovannucci E, Boffetta P, Fadnes LT, Keum N, Norat T, Greenwood
DC, Riboli E, et al. Fruit and vegetable intake and the risk of cardiovascular
disease, total cancer and all-cause mortality-a systematic review and
dose-response meta-analysis of prospective studies. Int J Epidemiol.
2017;46(3):1029–56.

6. The Norwegian Directorate of Health, Utviklingen i norsk kosthold 2015
[Trends in the Norwegian diet 2015]. Oslo; The Norwegian Directorate of
Health, 2015.

7. Hansen LB, Myhre JB, Johansen AMW, Paulsen MM, Andersen LF. Ungkost 3:
Landsomfattende kostholdsundersøkelse blant elever i 4. -og 8. Klasse i
Norge, 2015 [Ungkost 3: Nationwide dietary survey among pupils in 4th
and 8th grade in Norway, 2015]. Oslo: Norwegian Institute of Public Health,
2015.

8. Lynch C, Kristjansdottir AG, te Velde SJ, Lien N, Roos E, Thorsdottir I,
Krawinkel M, Vaz de Almeida MD, et al. Fruit and vegetable consumption in
a sample of 11-year-old children in ten European countries – the PRO
GREENS cross-sectional survey. Public Health Nutr. 2014;17(11).

9. Tak NI, Te Velde SJ, Singh AS, Brug J. The effects of a fruit and vegetable
promotion intervention on unhealthy snacks during mid-morning school
breaks: results of the Dutch Schoolgruiten project. J Hum Nutr Diet.
2010;23(6):609–15.

10. Fogarty AW, Antoniak M, Venn AJ, Davies L, Goodwin A, Salfield N, Stocks J,
Britton J, Lewis SA. Does participation in a population-based dietary
intervention scheme have a lasting impact on fruit intake in young
children? Int J Epidemiol. 2007;36(5):1080–5.

11. Bere E, Veierød MB, Klepp K-I. The Norwegian school fruit Programme:
evaluating paid vs. no-cost subscriptions. Prev Med. 2005;41(2):463–70.

12. te Velde SJ, Brug J, Wind M, Hildonen C, Bjelland M, Perez-Rodrigo C, Klepp
KI. Effects of a comprehensive fruit- and vegetable-promoting school-based
intervention in three European countries: the Pro Children Study. Br J Nutr.
2008;99(4):893–903.

13. Craigie AM, Lake AA, Kelly SA, Adamson AJ, Mathers JC. Tracking of obesity-
related behaviours from childhood to adulthood: a systematic review.
Maturitas. 2011;70(3):266–84.

14. Kelder SH, Perry CL, Klepp KI, Lytle LL. Longitudinal tracking of adolescent
smoking, physical activity, and food choice behaviors. Am J Public Health.
1994;84(7):1121–6.

15. te Velde SJ, Twisk JWR, Brug J. Tracking of fruit and vegetable consumption
from adolescence into adulthood and its longitudinal association with
overweight. Br J Nutr. 2007;98(2):431–8.

16. Lien N, Lytle LA, Klepp KI. Stability in consumption of fruit, vegetables, and
sugary foods in a cohort from age 14 to age 21. Prev Med. 2001;33(3):217–26.

17. Patterson E, Warnberg J, Kearney J, Sjostrom M. The tracking of dietary
intakes of children and adolescents in Sweden over six years: the European
youth heart study. Int J Behav Nutr Phys Act. 2009;6:91.

18. Lake AA, Mathers JC, Rugg-Gunn AJ, Adamson AJ. Longitudinal change in
food habits between adolescence (11-12 years) and adulthood (32-33
years): the ASH30 study. J Public Health (Oxf). 2006;28(1):10–6.

19. Winpenny EM, Penney TL, Corder K, White M, van Sluijs EMF. Change in diet
in the period from adolescence to early adulthood: a systematic scoping
review of longitudinal studies. Int J Behav Nutr Physi Act. 2017;14.

20. Bere E, Veierod MB, Bjelland M, Klepp KI. Free school fruit--sustained effect 1
year later. Health Educ Res. 2006;21(2):268–75.

21. Bere E, Veierod MB, Skare O, Klepp KI. Free School fruit--sustained effect
three years later. Int J Behav Nutr Phys Act. 2007;4:5. https://doi.org/10.1186/
1479-5868-4-5.

22. Bere E, Klepp K. One year of free school fruit-7 years of follow-up. Ann Nutr
Metab. 2011;58:54.

23. Andersen LF, Bere E, Kolbjornsen N, Klepp KI. Validity and reproducibility of
self-reported intake of fruit and vegetable among 6th graders. Eur J Clin
Nutr. 2004;58(5):771.

24. Øverby NC, Klepp KI, Bere E. Introduction of a school fruit program is
associated with reduced frequency of consumption of unhealthy snacks.
Am J Clin Nutr. 2012;96:1100–3.

25. Twisk JWR. Applied longitudinal data analysis for epidemiology : a practical
guide. 2th ed. Cambridge: Cambridge University Press; 2013.

26. Evans C, Christian MS, Cleghorn C, Greenwood DC, Cade J. Systematic
review and meta-analysis of school-based interventions to improve daily
fruit and vegetable intake in children aged 5 to 12 y. Am J Clin Nutr.
2012;96:889–901.

27. Twisk JW, Kemper HC, van Mechelen W. Tracking of activity and fitness and
the relationship with cardiovascular disease risk factors. Med Sci Sports
Exerc. 2000;32(8):1455–61.

28. Twisk JWR. Applied multilevel analysis : a practical guide. Practical guides to
biostatistics and epidemiology. Cambridge: Cambridge University Press;
2006.

29. Twisk JWR. Commentary: the problem of evaluating the magnitude of
tracking coefficients. Eur J Epidemiol. 2003;18(11):1025–6.

30. Twisk JW, Kemper HC, van Mechelen W, Post GB. Tracking of risk factors for
coronary heart disease over a 14-year period: a comparison between
lifestyle and biologic risk factors with data from the Amsterdam growth and
health study. Am J Epidemiol. 1997;145(10):888–98.

31. Burrows TL, Martin RJ, Collins CE. A systematic review of the validity of
dietary assessment methods in children when compared with the method
of doubly labeled water. J Am Diet Assoc. 2010;110(10):1501–10.

32. Statistics Noway. High educational attainment in Norway. 2001; Available
from: https://www.ssb.no/en/utdanning/artikler-og-publikasjoner/high-
educational-attainment-in-norway%2D%2D31574.

33. Subar AF, Freedman LS, Tooze JA, Kirkpatrick SI, Boushey C, Neuhouser ML,
Thompson FE, Potischman N, et al. Addressing current criticism regarding
the value of self-report dietary data. J Nutr. 2015;145(12):2639.

Hovdenak et al. International Journal of Behavioral Nutrition and Physical Activity           (2019) 16:22 Page 10 of 10

https://doi.org/10.1371/journal.pone.0140846
https://doi.org/10.1371/journal.pone.0140846
https://doi.org/10.1136/bmj.g4490
https://doi.org/10.1186/1479-5868-4-5.
https://doi.org/10.1186/1479-5868-4-5.
https://www.ssb.no/en/utdanning/artikler-og-publikasjoner/high-educational-attainment-in-norway%2D%2D31574
https://www.ssb.no/en/utdanning/artikler-og-publikasjoner/high-educational-attainment-in-norway%2D%2D31574

	Abstract
	Background
	Method
	Results
	Conclusion

	Background
	Materials and methods
	Design and study sample
	Instruments
	Data analysis
	Descriptive and drop-out analysis
	Main analysis


	Results
	Description and analysis of missing data

	Main results
	Overall tracking of fruit, vegetables and unhealthy snacks by dietary methods
	FFQ
	24-h recall
	Prediction of being in the highest tertile

	Tracking of fruit, vegetables and unhealthy snacks by intervention and by dietary methods
	FFQ
	24-h recall
	Prediction of being in the highest tertile


	Discussion
	Overall tracking of fruit, vegetables and unhealthy snacks
	Tracking of fruit, vegetables and unhealthy snacks by intervention
	Tracking coefficients by dietary methods
	Strengths and limitations

	Conclusions
	Additional files
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

