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Abstract 

Background  Adolescence is a pivotal developmental stage, where escalating rates of overweight and obesity have 
raised concerns about diet quality and its association with adverse health outcomes. Parents are known to have 
considerable influence on childhood diet, but how this influence changes as adolescents mature is unknown. This 
study investigates the association between parental fruit and vegetable (FV) intake and adolescent FV consumption, 
exploring how this changes across adolescence and when adolescents leave home.

Methods  Adolescents aged 10–30 years (n = 12,805) from the UK Household Longitudinal Study (UKHLS), and their 
parents, reported FV intakes every 2 years. Multilevel linear regression models were fitted to assess associations 
between parental and adolescent FV intakes, investigating interactions with age and living arrangement, and adjust-
ing for sociodemographic covariates.

Results  Parental FV intake was positively associated with adolescent FV intake (β = 0.20 [95%CI:0.19,0.22] portions/
day), with the strength of this association lowest during early adolescence (10–14 years) and peaking at 17–18 years 
(β = 0.30 [95%CI: 0.27,0.33] portions/day). When adolescents no longer lived in the parental home, the association 
of parental FV intake with adolescent FV consumption decreased, but a positive association was maintained up to age 
30 years.

Conclusions  Our findings emphasise the enduring effect of parental FV consumption on adolescent FV consump-
tion, highlighting the potential for interventions to promote increased FV intake, acknowledging the lasting influence 
of parental diet, even beyond the confines of the parental home.

Introduction
Adolescence is a significant developmental life stage 
and adequate nutrition during this time is key to future 
health outcomes and establishing dietary habits for 
adulthood [1, 2]. There are ongoing concerns around 
the rapidly increasing prevalence of overweight and 

obesity, particularly among children and adolescents 
[3–5]. Poorer diet quality is associated with higher fat 
mass [6, 7], adiposity [8], elevated body mass index 
(BMI) [9] and cardiometabolic risk factors [10] in chil-
dren and adolescents, which have been shown to persist 
into adulthood, posing a continued risk for chronic dis-
ease [11–18]. For example, in coronary artery disease, 
the development of atherosclerotic plaques associated 
with the disease are seen to be initiated during ado-
lescence and young adulthood, starting at age 15 [19]. 
With growing evidence linking diet with overweight 
and obesity and chronic disease [20], it is of particular 
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importance to understand how diets are established in 
adolescence and the key influences involved.

Higher intake of fruit and vegetables (FV) is a major 
component of a healthier diet, with worldwide dietary 
recommendations and the World Health Organization 
(WHO) encouraging a minimum intake of 400 g or five 
portions per day [21, 22] due to the inverse relationship 
seen between FV intake and obesity [23–25] as well 
as chronic disease [11–14, 17]. Moreover, increasing 
FV consumption has been shown to help with weight 
loss among people with overweight and obesity [26]. 
The National Diet and Nutrition Survey (NDNS) has 
regularly reported that FV consumption in the United 
Kingdom (UK) is below the recommended daily intake 
of at least five portions [12, 17], which was shown to be 
lowest in children aged 11–18 years at 2.9 portions per 
day in the 2016–2019 NDNS report [27] and remain-
ing low at 2.8 portions per day in 2020 [28]. This was 
further highlighted by results from Health Survey Eng-
land, showing that young people aged 16–24 years have 
consistently consumed less FV than older adults [29]. 
Public health efforts in the UK such as the launch of the 
five-a-day campaign and the Eatwell plate, have failed 
to significantly increase average intake to the recom-
mended level, particularly in young people [29].

Adolescents and young adults experience a high 
number of changes in their social and physical envi-
ronments, particularly during the transition from ado-
lescence to early adulthood [30]. Diet in adolescents 
has been shown to be influenced by the behaviours of 
peers and parents [31–33]. Parents are responsible for 
the majority of their child’s food choices throughout 
their early lives and food preferences in childhood are 
often established by what has been modelled and pro-
vided by their caregivers [34]. As children enter ado-
lescence, they begin to gain higher control over their 
diet with less supervision [34]. However, research more 
often concentrates on younger children and parenting 
practices during earlier childhood [30] and there is less 
understanding of how parents influence their children’s 
diets in adolescence and early adulthood. Existing liter-
ature has shown an overall positive association between 
parental and adolescent intake when considering 
healthier (e.g. FV) or less healthy (e.g. sugar-sweetened 
beverages or snacking) measures [31, 35–39]. How-
ever, the current literature is limited mostly to cross-
sectional analyses, with only four longitudinal analyses 
[38, 40–42] that focussed on earlier adolescence (10–
15  years), which cannot capture the change over time 
of these influences during the transition from late ado-
lescence into young adulthood [43]. Importantly, it is 
unclear how the influence of parents in adolescence is 
maintained into adulthood.

During the transition from adolescence to early adult-
hood, individuals will often experience changes in their 
living arrangement. Despite some evidence that behav-
iours introduced during adolescence can be followed into 
adulthood [30], there has been limited exploration into 
how a change in living arrangement influences dietary 
habits longer term. Adolescents’ and young adults’ diets 
change, depending on whether they live in the parental 
home or not [44–48]. For example, Winpenny et al. found 
that FV consumption frequency decreases on leaving the 
parental home [44]. This further suggests that parental 
influence changes, not only as adolescents age, but as 
they gain independence over their food choices when 
they do not live in the parental home. However, there is a 
lack of evidence quantifying how the association between 
parental and adolescent intake changes.

The key objectives of this study were to explore the 
association between parental FV intake and adolescent 
FV intake, how this association changes with adolescent 
age, and whether it is dependent on adolescents living 
in the parental home. This analysis used a large ongo-
ing longitudinal panel study in a UK population. Sawyer 
et al. defined the period of adolescence as 10 to 24 years 
[49]. The Office for National Statistics (ONS) found that 
in 2017, by the age of 23  years over half of young peo-
ple had left home in the UK [50]. Our age group will 
include 10–30 year olds and will henceforth be referred 
to as ‘adolescents’. For the purpose of this study, the age 
group extends up to age 30 years to assess the association 
between parental FV intake and adolescent FV intake 
even after the adolescents no longer live in the parental 
home, and explore how this association may persist over 
the longer term.

The objectives were achieved through answering the 
following research questions:

1)	 How is parental FV consumption cross-sectionally 
associated with adolescent FV consumption across 
adolescence (10–30 years)?

2)	 How does the association between parental and ado-
lescent FV consumption differ across adolescent age?

3)	 How does the association between parental and ado-
lescent FV consumption change when adolescents do 
not live in the parental home?

Methods
Study design and population
Data for this analysis were drawn from the UK House-
hold Longitudinal Study (UKHLS), a longitudinal house-
hold survey that has collected a wide range of data each 
year, since 2009, in approximately 40,000 UK households 
[51]. Household members aged 16  years and over com-
pleted the adult questionnaire and FV data was collected 
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in waves 7 (2015–2016), 9 (2017–2019), 11 (2019–2021) 
and 13 (2021–2023). The youth questionnaire is com-
pleted by household members age 10–15  years and FV 
intake data was collected in waves 8 (2016–2017), 9 
(2017–2019), 11 (2019–2021) and 13 (2021–2023). Each 
individual in the dataset is linked to others in their house-
hold and they continue to be invited to participate in the 
survey even if they leave the household. In this analysis, 
we include all adolescents between ages 10 and 30 years 
at any of the waves in which FV data was collected: adult 
(16–30 years) waves 7, 9, 11, 13 and youth (10–15 years) 
waves 8, 9, 11 and 13 [51]. This resulted in an acceler-
ated cohort design as depicted in Fig. 1, which includes 
details of age of adolescent participants at each wave. 
The UKHLS team conducted rigorous testing and valida-
tion for all questions included in the survey [52]. Further 
details on the UKHLS sampling and survey methods can 
be found elsewhere [52].

Survey and measures
Outcome: adolescent FV intake (portions per day)
In the adult questionnaire, fruit and vegetable intake 
frequency (days/week) and amount (portions/day) 
were self-reported separately (described in Table  1) at 
every odd wave starting at wave 7 (waves available: 7, 
9, 11 and 13). A numerical average value was assigned 

to each frequency category as follows: never = 0  days, 
1–3  days = 2  days, 4–6  days = 5  days, and every 
day = 7  days. This was then multiplied by the reported 
amount (in portions) to obtain portions per week of 
fruit and vegetables. Portions per day were calculated by 
dividing this value by seven and fruit and vegetables were 
combined into one variable by adding together the por-
tions per day intake for each, to obtain the final intake 
variable of FV portions per day.

In the youth questionnaire, participants self-reported 
their combined fruit and vegetables intake (see Table 1) 
at waves 8, 9, 11 and 13. The responses were reported in 
portions per day and therefore, a numerical average value 
was assigned to each category as follows: 5 or more por-
tions = 5.5 portions, 3–4 portions = 3.5 portions, 1–2 
portions = 1.5 potions, and None = 0, to obtain FV por-
tions per day for analysis.

Exposure: parental FV intake (portions per day)
The main exposure was parental FV intake in portions 
per day. Adolescent data were matched to parental data 
using cross-wave identifiers provided by UKHLS, for 
their biological, step or adoptive parents, where avail-
able. Parental FV intake was calculated for each parent 
in the same way as adolescent FV intake using the adult 
questionnaire (outlined above). Then, an average parental 

Fig. 1  Sampling diagram of adolescent ages at each measurement wave of UKHLS
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value was calculated for daily FV intake. If one of the par-
ents was missing, the intake variables were based only on 
data from one parent.

Confounders
A directed acyclic graph (DAG) was created to map 
likely confounders and the direction of the relationships 

between variables (see Fig. 2). Based on this, the follow-
ing confounders were adjusted for in the analyses: sex, 
ethnicity, parental education, household income and geo-
graphic region.

Ethnicity was self-reported by respondents in both 
adult and youth questionnaires or reported by house-
hold members or derived from ethnic group of their 

Table 1  Dietary survey measures used in UKHLS

Measure Question Possible answers

Adult questionnaire Fruit intake frequency “Including tinned, frozen, dried and fresh fruit, on how many days 
in a usual week do you eat fruit?”

Never
1—3 Days
4—6 Days
Every day

Fruit amount “On the days when you eat fruit, how many portions (e.g. an apple, 
an orange, some grapes) do you eat?”

Whole numbers

Vegetable intake frequency “Including tinned, frozen and fresh vegetables, on how many days 
in a usual week do you eat vegetables? Do not include potatoes, crisps 
or chips.”

Never
1—3 Days
4—6 Days
Every day

Vegetable amount “On the days when you eat vegetables, how many portions (i.e. 3 
heaped tablespoons) do you eat? Please do not include potatoes.”

Whole numbers

Youth questionnaire Fruit and vegetable daily intake “How many portions of fresh fruit or vegetables do you eat on a typi-
cal day? One portion is one piece of fruit or one serving of a vegetable 
or salad item”

5 or more portions
3–4 portions
1–2 portions
None

Fig. 2  Directed Acyclic Graph mapping hypothesised confounders and moderators of the relationship between parental FV intake and adolescent 
FV intake. Note: Parental FV intake (exposure) is hypothesised to be associated with adolescent FV intake (outcome). This association could 
be confounded by geographic region, ethnicity, parental education and household income, all of which potentially have causal associations 
with the exposure or the outcome. Adolescent FV intake could differ by sex, a competing exposure. Age of adolescent and living with parents are 
hypothesised moderators of the relationship between parental FV intake and adolescent FV intake. Created in www.​dagit​ty.​net

http://www.dagitty.net
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biological parents when missing, with priority given to 
self-reported information. A binary variable was created 
for ethnicity from the 18 possible answers. British/Eng-
lish/Scottish/Welsh/Northern Irish, Irish, Gypsy or Irish 
traveller, and any other White background were catego-
rised as ‘White’, in keeping with the Office for National 
Statistics classifications [53]. The remaining categories 
including White and Black Caribbean, White and Black 
African, White and Asian, any other mixed background, 
Indian, Pakistani, Bangladeshi, Chinese, any other Asian 
background, Caribbean, African, any other Black back-
ground, Arab, and any other ethnic group were catego-
rised as ‘Non-White’. For the purpose of this analysis, 
ethnicity was included as a confounder and no inferences 
were made during interpretation based on ethnicity. Col-
lapsing this variable into two categories ensured model 
stability due to small sample sizes within the Non-White 
categories.

In the adult questionnaire, highest qualification 
achieved is collected through participant self-report and 
updated every year to include the most recent qualifica-
tion. For this analysis, parental education was derived 
from the highest qualification between both parents. Of 
the six possible qualifications, a binary variable was cre-
ated for parental education to include 1) degree level and 
above and 2) no degree (any other qualification below 
degree level, including no qualification).

Detailed information on monthly incomes were self-
reported by every adult member of the household (aged 
16  years and over) at each wave. For this analysis, the 
sum of the total net monthly household income without 
deductions was used and adjusted for household com-
position using an equivalence scale provided by UKHLS 
and reported in British Pound Stirling (£) per month.

Geographic region was self-reported and included 12 
categories: North East, North West, Yorkshire and the 
Humber, East Midlands, West Midlands, East of England, 
London, South East, South West, Wales, Scotland and 
Northern Ireland.

Moderators
For the second and third research questions, we tested 
two potential moderators of the relationship between 
adolescent and parental FV intakes: 1) adolescent age 
and 2) whether or not the adolescent was living in the 
parental home. These were included as interactions with 
parental FV intake.

Age, in completed years, was derived based on reported 
date of birth and interview date. For the analysis, age 
was categorised in 2-year age bins (apart from age 10, to 
accommodate for the odd number of ages) in order to 
identify non-linear associations between parental intake 
and adolescent intake by age category.

Whether or not an adolescent was living in the paren-
tal home was already a binary variable, with possible 
responses being yes or no. This was determined by the 
UKHLS field team during the follow-up process. Ado-
lescents were considered to no longer be living in the 
parental home if, at the time of the interview, they were 
temporarily absent (e.g. at college or university), in which 
case they would be considered a non-resident household 
member, or if they had left the household and were con-
sidered to be a split off household. Due to the household 
sampling method of UKHLS, any adolescent included in 
the analysis will have lived in their parental home at some 
stage.

Missing values and outliers
We selected participants aged 10–15 years in Waves 8, 9, 
11 and 13 and aged 16–30  years in Waves 7, 9, 11 and 
13 that had data available for their own FV intake, as 
well as for at least one of their biological, step or adop-
tive parents. The original sample of participants aged 
10–15 years consisted of 5,784 respondents to the youth 
questionnaire and participants aged 16–30  years con-
sisted of 13,532 respondents to the adult questionnaire 
(total n = 19,316). Of the original sample, 2,187 adoles-
cents did not have FV intake data and were excluded 
from analysis. Of those that did have FV intake data 
available, 4,373 did not have parental FV intake data in 
the same wave and therefore, these were not included 
in the final analytical sample. The key reason for miss-
ing FV intake values for both adolescents and parents 
was because they were not present for data collection 
and therefore, did not report their FV intake in that data 
collection wave. Additionally, not all participants in the 
age range had complete parental data for various rea-
sons (e.g. parents were not part of the original sample). 
For covariates, there were 326 missing values for parental 
education after backfilling any missing values from pre-
vious waves (1–5). There were also 25 missing values for 
ethnicity, 4 for living in the parental home, 531 for net 
household income, and 12 for geographic region. Given 
the low proportion of individuals with missing covariate 
data in comparison to the sample size, these individuals 
were excluded from the analysis.

For FV intake data, outliers were assessed and data 
removed for values that were greater than three times the 
interquartile range of intake. A total of 593 data points 
for adolescent and parental intake of FVs (in youth and 
adult questionnaires) were excluded using this method. 
After data cleaning, the final analytical sample included 
12,805 adolescent participants (66% of the original sam-
ple) consisting of 26,687 observations across four waves 
of data.



Page 6 of 12Braune et al. Int J Behav Nutr Phys Act           (2024) 21:56 

Statistical analysis
R statistical software [54] (Version 2023.06.2 + 561) 
was the primary software used for statistical analy-
sis. Python 3 [55] was used for data pre-processing. 
Descriptive statistics were computed for covariates, 
using frequency/percentage and mean/standard devia-
tion where appropriate (see Table 2).

Multilevel models
Data were analysed as multilevel linear regression mod-
els with measurement waves nested within individu-
als. Models 1 and 2 looked at the association between 
parental FV intake with adolescent FV, adjusting for the 
covariates outlined above for Model 2. Age categories 
were added for Model 3 and Model 4 included interac-
tion terms between parental FV intake and age catego-
ries. The final model built on Model 4, including the 
interaction between parental FV intake and whether 
or not the adolescent was living in the parental home. 
In order to compare the association between parental 
FV and adolescent FV at different ages, depending on 
living arrangement, the dataset was stratified by living 
arrangement (living in the parental home vs not) and 
Model 5 analysed in the stratified dataset.

All models were fitted using the lme4 package in the 
R statistical environment [56]. Confidence intervals at 
95% were computed using the confint.merMod method 
[57] for multilevel models.

Results
Sample characteristics and descriptive statistics
The analytical sample consisted of 12,805 adolescents 
aged 10–30 years that had data on their own FV intake, 
as well as the FV intake for at least one parent from at 
least one measurement wave. The mean age of adoles-
cents across all waves was 17.4 years (SD: 5.6) and there 
was a relatively even split of females and males (52% and 
48%, respectively). The majority of the sample was of 
white ethnicity (72%), which reflects the UK population 
[58]. Additionally, 52% of parents had at least a degree as 
their highest educational qualification and net adjusted 
monthly household income was reported as £1,676.2 (SD: 
1,334.1). Almost all adolescents (99%) were living in the 
parental home at ages 10–18 years, decreasing to 84% at 
ages 19–24 years and 50% at ages 25–30 years (Table 2).

Change in FV intake
The overall mean adolescent FV intake was 2.92 por-
tions per day (SD: 1.87). When split by age category, 
mean intake did not differ across different age categories 
(Appendix Fig.  1). Mean parental intake was 3.52 por-
tions per day (SD: 1.95) with little difference seen across 
different adolescent age categories (see Appendix Fig. 2).

Association between parental FV intake and adolescent FV 
intake
For each portion increase in parental FV per day, ado-
lescent FV intake increased by 0.20 [95% CI: 0.19, 0.22] 
portions per day, adjusting for sex, ethnicity, parental 
education, household income and geographic region 
(see Supplemental File Table S1 for details of all model 
results).

Changes in the association between parental 
and adolescent FV intake with age
The association between adolescent FV intake and 
parental FV intake was lowest at age 10  years (for 
each portion increase in parental FV intake, there 
was a 0.12 [95% CI: 0.07, 0.16] portion increase per 
day of FV), with no change between 10  years and 
11–12 and 13–14 years. The association was highest at 
17–18 years (β = 0.30 [95% CI: 0.27, 0.33]), after which 
it steadily dropped from ages 21–22 until 27–28 years 
but remains higher than 10–14 years (Fig. 3).

Change in the association with parental FV intake 
with living arrangement
Compared to those living in the parental home, there 
was an overall lower association of parental FV intake 
with adolescent FV intake among those not living in 
the parental home of -0.10 [95% CI: -0.14, -0.06]. This 

Table 2  Descriptive statistics of adolescent demographics 
(n = 12,805 adolescents, n = 26,687 observations)

n (%) / mean ± SD

Age 17.4 ± 5.6

Sex
  Female 6,604 (52)

  Male 6,201 (48)

Ethnicity
  White 9,185 (72)

  Non-white 3,620 (28)

Parental highest qualification
  Degree 6,638 (52)

  No degree 6,167 (48)

Income
  Net adjusted household income (£ per month) 1,676.2 ± 1,334.1

Living in the parental home (proportion by age category)
  Total living in the parental home 11,387 (89)

  10–18 years 2,374 (99)

  19–24 years 1,889 (84)

  25–30 years 719 (50)
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applies across the different age categories. Figure  4 
demonstrates the association of parental FV intake 
and adolescent FV intake at different age categories, 

stratified by their living arrangement for adolescents 
aged 17  years or older (after which more than 1% of 
adolescents have left the parental home).

Fig. 3  Associations (beta coefficient) between parental FV and adolescent FV intake by age category of a multilevel linear regression model 
(n = 12,805). Error bars represent ± standard error

Fig. 4  Association between parental and adolescent FV intake at different ages, stratified by living arrangement. Sample included participants aged 
17 years and older, n = 6,979 (living in the parental home), n = 2,297 (not living in the parental home). Error bars represent ± standard error
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Discussion
Principal findings
This is the first UK-based analysis of the association 
between parental and adolescent diet across different 
ages and living arrangements using longitudinal data. 
We found a positive association between parental and 
adolescent FV intake at all ages, with the highest asso-
ciation seen at ages 17–18 years and lowest seen in early 
adolescence (10–14  years). If adolescents do not live in 
the parental home, the association decreases, however, 
a change in living arrangement does not overcome the 
positive association between parental FV and adolescent 
FV, suggesting a long-term influence of parental behav-
iours on adolescents even after they have left home. 
Although the effect size of parental FV intake on adoles-
cent FV intake appears small, at its highest point at age 
17–18  years, 0.30 portions per day represents 10% of 
the average FV intake for adolescents ages 10–30 years, 
which is equivalent to a 2 portions per week. As previous 
public health efforts to increase intake in this age group 
have not been successful, leveraging this positive asso-
ciation between parental and adolescent FV intake when 
designing interventions and policy may help push adoles-
cents’ intake closer to the recommended intake.

Strengths and limitations of the study
This analysis makes use of a large panel survey in the 
UK, which includes both adolescent and parental data. 
UKHLS was designed to be representative of the gen-
eral population of the UK and with a large sample size 
included, the findings of our analysis are generalisable 
to a UK population, and although not across all other 
countries, potentially to other high income countries 
with similar food cultures. The use of longitudinal data 
in this analysis allows us to explore the changing associa-
tion between parents and adolescents at different ages, to 
understand when parents’ FV intake is most associated 
with adolescent FV intake. This dataset is unique in that 
parental data is available at several time points, but has 
not previously been used to assess associations between 
diet in adolescents and their parents’ diets and how it 
changes with age. Although this is not a traditional lon-
gitudinal analysis where an exposure at one time point 
is associated with an outcome at a later timepoint, this 
analysis based on longitudinal data from the same indi-
viduals over time allows incorporation of within-person 
changes in associations over time, reducing the impact of 
between-individual confounding.

FV intake is a major component of a healthy diet, and 
FV intakes have been widely used as an indicator of diet 
quality [59], with a considerable body of research show-
ing links between higher FV intakes and a lower risk of 

adverse health outcomes [11–14, 17, 23–25]. However 
the use of FV intake as the main dietary outcome does 
not provide an overall picture of the diet of the adoles-
cents and is not comprehensive enough to calculate a diet 
quality score. The analysis could have been strengthened 
by adding a contrasting ‘unhealthy’ measure of diet or a 
more comprehensive assessment of diet quality to gain 
a better understanding of the adolescents’ overall diets, 
however these measures were not available in this data-
set. However, the measure used in this survey is quick 
and of low burden to participants. The FV intake meas-
ure was self-reported by participants (both adolescents 
and parents) so there is a chance of bias, for example, 
social desirability bias which may change depending on 
age category. The lower association between parental 
intake and adolescent intake seen in earlier adolescents 
(10–14 years) could be related to misreporting in younger 
ages because of a difference in understanding of portion 
sizes, for example. Collection and analysis of data using 
more comprehensive measures of diet would be helpful 
to confirm our findings.

According to the Food Standards Agency, the Covid-
19 pandemic changed the UK population’s food habits, 
including increased time spent on food preparation and 
eating with family members [60], which could have con-
tributed to differences in FV intake for adolescents and 
the association with their parents’ intake seen in our 
results. The Covid-19 pandemic also changed young peo-
ple’s living arrangements through their unforeseen return 
to their parental home [61]. As this analysis includes 
data that spans through the Covid-19 pandemic, fewer 
young people may have been living away from the paren-
tal home in waves 11–13, which could also explain why 
there were fewer people living away from the parental 
home in our analytical sample. However, the accelerated 
cohort design used in this analysis allows for inclusion 
of all ages at each wave and therefore, the effects of the 
pandemic are less likely to have influenced the findings 
related to change in association between parental FV and 
adolescent FV intake at different ages.

Due to the sample included in this analysis, it was not 
possible to incorporate the weights provided with the 
dataset and therefore, we assume that our analytical sam-
ple have equal probabilities of selection and response 
[62]. However, we are not providing a descriptive analy-
sis of the population but rather looking at associations 
between exposure and outcome, and we have adjusted for 
ethnicity and geographic region among our confounder 
set. The remaining sampling parameters we do not 
believe to be associated with our exposure and outcome. 
Additionally, the association between parental FV and 
adolescent FV may have been driven by other common 
causes, such as household income, region of residence, 
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and socioeconomic position, as demonstrated in the 
DAG in Fig. 2. These were adjusted for in the covariates 
included in the models to try to eliminate as far as possi-
ble the confounding effects, however as always in obser-
vational studies, there remains the possibility of residual 
confounding.

Comparison with previous evidence and implications 
of the findings
Existing published longitudinal analyses on the effect 
of parental behaviours on adolescent behaviours have 
shown consistency with our finding that there is a posi-
tive association between parental and adolescent dietary 
intake. Lau et al. and Sylvestre et al. both showed a posi-
tive association with parental and adolescent FV intakes 
[42, 63]. Two further longitudinal studies in China [41] 
and the Netherlands [38] reinforced the findings of an 
overall positive association between parental and ado-
lescent dietary intake over time. However, these covered 
only adolescents up to age 18 years and did not examine 
the change when they enter early adulthood. Although 
the magnitude of the associations between parental FV 
intake and adolescent FV intake in the present study are 
small, our findings imply that, on average, if parents were 
to increase their intake by one portion per day, their ado-
lescents would increase their intake by 0.20 portions per 
day. This is comparable to combined effects (0.28 serv-
ings per day) of school food environment interventions 
aiming to increase FV intake [64]. That being said, a com-
bination of approaches would be required to increase 
fruit and vegetable intake in this population up to the 
recommended levels.

The current study suggests that the association 
between parental intake and adolescent intake is lower 
in earlier adolescence, when other factors may take 
precedence (e.g. peer influence, school meals) and dur-
ing the transition into early adulthood, parental model-
ling regains influence on their diets [65]. A similar trend 
was seen by Arcan et al., showing that parental FV intake 
predicted FV intakes in young adults (17.1 ± 0.5  years) 
but not for younger adolescents (12.6 ± 0.6 years) in a US 
population [40]. Furthermore, psychology studies suggest 
that time spent with peers increases in early and middle 
adolescence, peaking at age 14 years [66] and adolescents 
aged 13–17 years care more about what their peers think, 
therefore, are more influenced by them during this time 
[67]. This is consistent with our findings that the asso-
ciation between parental FV intake and adolescent FV 
intake is lower from ages 10–16  years. Furthermore, in 
Knoll et  al.’s exploration of social influence on risk tak-
ing behaviours in adolescents and young adults showed 
that younger adolescents (aged 12–14  years) were most 
influenced by other adolescents potentially due to social 

conformity, whereas other age groups were more influ-
enced by adults [68]. Although these were different 
behaviours, they could explain how influences change 
between younger adolescents and older adolescents, 
and they reflect our findings of the lower association of 
parental intake in younger adolescents (10–14 years).

Our findings show that there is a decrease in the asso-
ciation between parental FV intake and adolescent FV 
intake when they leave the parental home. However, 
when this is combined with the increase in the asso-
ciation between adolescent FV intake and parental FV 
intake in the older age categories (17 + years), this results 
in a continued positive influence of parents on ado-
lescents up to age 30  years. In this sample, 60% of the 
adolescents are not living in the parental home at age 
29–30 years. However, based on the results from Model 
5b, the association between parental FV intake and ado-
lescent FV intake was 0.20 [95% CI: 0.14, 0.26] at age 
29–30 years, when they are no longer living in the paren-
tal home. These results demonstrate that although there 
is a decline in parental influence after the adolescent has 
left the parental home, they have a prolonged influence 
on their intake, regardless of living arrangement. This is 
reflected in findings from Dickens et  al., which showed 
an association between parental and adolescent intake 
of healthy and unhealthy foods and that parental mod-
elling of unhealthy snacking behaviour withstood their 
child moving out to live independently [69]. This endur-
ing association could then continue to influence future 
generations, when the adolescents have their own chil-
dren and have a similar influence on their dietary intake 
through their life.

Overall, this study provides a clearer picture of the 
trajectory of parental influence with regards to diet in 
adolescents and young adults, which could inform peak 
times to intervene with family-centred interventions 
in older adolescents (17–18 years) living in the parental 
home or peer-focussed approaches in younger adoles-
cents (10–14  years), keeping in mind that regardless of 
age, parental intake is positively associated with their 
child’s intake. With the caveat that strategies should be 
considered in combination with other approaches to 
increase intake up to the recommended dietary levels 
for fruit and vegetables. Further studies using longitudi-
nal data on the changing influences of peers in parallel to 
parents would be required to underpin the findings on 
changing influences over time seen in this analysis.

Conclusion
Adolescent FV intake is associated with parents’ FV 
intake and this relationship changes with age, with 
the lowest association seen during early adolescence 
between 10–14  years. When adolescents do not live in 
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the parental home, there is a decline in the association 
between parental FV intake on their own intake. How-
ever, parental FV intake continues to be associated with 
adolescent FV intake when they are in their 20 s and up 
to 30 years, suggesting that this persists into early adult-
hood. Therefore, interventions targeting older adoles-
cents could be more effective by involving their parents 
and when they are still living in the parental home. The 
influence of positive behaviours could be carried into 
adulthood and help maintain a higher level of intake that 
may, in turn, positively influence their own children.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12966-​024-​01604-8.

Supplementary Material 1. Mean adolescent FV intake (portions per 
day) by age category (n = 12,805). Error bars represent ± the standard 
deviation.

Supplementary Material 2. Mean parental FV intake (portions per day) by 
adolescent age category (n = 12,805). Error bars represent ± the standard 
deviation.

Supplementary Material 3. 

Acknowledgements
We would like to acknowledge the contributions of Stephen Sharp for guid-
ance on statistical methods for this analysis, as well as thank the study partici-
pants for their contribution in providing the data used in this analysis.
Understanding Society is an initiative funded by the Economic and Social 
Research Council and various Government Departments, with scientific lead-
ership by the Institute for Social and Economic Research, University of Essex, 
and survey delivery by NatCen Social Research and Kantar Public. The research 
data are distributed by the UK Data Service. Fieldwork for the web survey was 
carried out by Ipsos MORI and for the telephone survey by Kantar.

Authors’ contributions
TB conducted the analysis and drafted the manuscript. EMW and JA sup-
ported the conceptualization of the study, interpreting results and drafting, 
reviewing and editing the manuscript. EMW provided additional guidance on 
the methodology and analysis. All authors reviewed drafts of the manuscript.

Funding
This work was supported by the MRC Epidemiology Unit, University of Cam-
bridge [grant numbers MC_UU_00006/5, MC_UU_00006/7]. TB was funded 
by the Cambridge MRC Doctoral Training Partnership (grant number MR/
N013433/1) and the Elizabeth McDowell Studentship at Newnham College, 
Cambridge. EMW is funded by a Career Development Award from the UK 
Medical Research Council [grant number MR/T010576/1]. JA was supported 
by the Medical Research Council [grant number MC_UU_00006/7].

Availability of data and materials
The data that support the findings of this study are available on request from 
the UK Data Service https://doi.org/10.5255/UKDA-SN-6614–19, study number 
(SN) 6614. The data are publicly available, however, they are considered 
safeguarded and therefore require users to register and accept the End User 
Licence.

Declarations

Ethics approval and consent to participate
The University of Essex Ethics Committee has approved all data collection on 
Understanding Society main study, COVID-19 surveys and innovation panel 
waves, including asking consent for all data linkages except to health records. 

Requesting consent for health record linkage was approved at Wave 1 by the 
National Research Ethics Service (NRES) Oxfordshire REC A (08/H0604/124), 
at BHPS Wave 18 by the NRES Royal Free Hospital & Medical School (08/
H0720/60) and at Wave 4 by NRES Southampton REC A (11/SC/0274). 
Approval for asking consent for health record linkage and for the collection of 
blood and subsequent serology testing in the March 2021 wave of the COVID-
19 study was obtained from London – City & East Research Ethics Committee 
(21/HRA/0644). Approval for the collection of biosocial data by trained nurses 
in Waves 2 and 3 of the main survey was obtained from the National Research 
Ethics Service (Understanding Society – UK Household Longitudinal Study: 
A Biosocial Component, Oxfordshire A REC, Reference: 10/H0604/2). The 
biosocial data collection at IP12 ‘Understanding Society Health Innovation 
Panel: Biomeasure and health data collection from the Innovation Panel of the 
UK Household Longitudinal Study’ was approved by East of England – Essex 
Research Ethics Committee, Ref 19/EE/0146.

Consent for publication
Not applicable.

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

Received: 7 February 2024   Accepted: 30 April 2024

References
	1.	 Lassi Z, Moin A, Bhutta Z. Nutrition in Middle Childhood and Adoles-

cence. In: Bundy DAP, de Silva N, Horton S, Jamison DT, Medina-Mora ML, 
eds. Disease Control Priorities: Child and Adolescent Health and Develop-
ment. Vol 8. World Bank Publications; 2017. http://​ebook​centr​al.​proqu​est.​
com/​lib/​cam/​detail.​action?​docID=​51911​96.

	2.	 Norris SA, Frongillo EA, Black MM, et al. Nutrition in adolescent growth 
and development. The Lancet. 2022;399(10320):172–84. https://​doi.​org/​
10.​1016/​S0140-​6736(21)​01590-7.

	3.	 Garnett SP, Baur LA, Jones AMD, Hardy LL. Trends in the Prevalence of 
Morbid and Severe Obesity in Australian Children Aged 7–15 Years, 
1985–2012. Islam FMA, ed. PLOS ONE. 2016;11(5):e0154879. https://​doi.​
org/​10.​1371/​journ​al.​pone.​01548​79.

	4.	 Skinner AC, Ravanbakht SN, Skelton JA, Perrin EM, Armstrong SC. 
Prevalence of Obesity and Severe Obesity in US Children, 1999–2016. 
Pediatrics. 2018;141(3). https://​doi.​org/​10.​1542/​peds.​2017-​3459.

	5.	 Ng M, Fleming T, Robinson M, et al. Global, regional, and national 
prevalence of overweight and obesity in children and adults during 
1980–2013: a systematic analysis for the Global Burden of Disease Study 
2013. The Lancet. 2014;384(9945):766–81. https://​doi.​org/​10.​1016/​S0140-​
6736(14)​60460-8.

	6.	 Johnson L, Mander AP, Jones LR, Emmett PM, Jebb SA. Energy-dense, 
low-fiber, high-fat dietary pattern is associated with increased fatness in 
childhood. Am J Clin Nutr. 2008;87(4):846–54. https://​doi.​org/​10.​1093/​
AJCN/​87.4.​846.

	7.	 Ambrosini GL, Emmett PM, Northstone K, Howe LD, Tilling K, Jebb 
SA. Identification of a dietary pattern prospectively associated with 
increased adiposity during childhood and adolescence. Int J Obes. 
2012;36(10):1299–305. https://​doi.​org/​10.​1038/​ijo.​2012.​127.

	8.	 Juonala M, Magnussen CG, Berenson GS, et al. Childhood Adipos-
ity, Adult Adiposity, and Cardiovascular Risk Factors. N Engl J Med. 
2011;365(20):1876–85. https://​doi.​org/​10.​1056/​NEJMo​a1010​112.

	9.	 Tirosh A, Shai I, Afek A, et al. Adolescent BMI Trajectory and Risk of Diabe-
tes versus Coronary Disease. N Engl J Med. 2011;364(14):1315–25. https://​
doi.​org/​10.​1056/​NEJMo​a1006​992.

	10.	 Appannah G, Pot GK, Huang RC, et al. Identification of a dietary pattern 
associated with greater cardiometabolic risk in adolescence. Nutr Metab 
Cardiovasc Dis. 2015;25(7):643–50. https://​doi.​org/​10.​1016/J.​NUMECD.​
2015.​04.​007.

	11.	 Aune D, Giovannucci E, Boffetta P, 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 

https://doi.org/10.1186/s12966-024-01604-8
https://doi.org/10.1186/s12966-024-01604-8
http://ebookcentral.proquest.com/lib/cam/detail.action?docID=5191196
http://ebookcentral.proquest.com/lib/cam/detail.action?docID=5191196
https://doi.org/10.1016/S0140-6736(21)01590-7
https://doi.org/10.1016/S0140-6736(21)01590-7
https://doi.org/10.1371/journal.pone.0154879
https://doi.org/10.1371/journal.pone.0154879
https://doi.org/10.1542/peds.2017-3459
https://doi.org/10.1016/S0140-6736(14)60460-8
https://doi.org/10.1016/S0140-6736(14)60460-8
https://doi.org/10.1093/AJCN/87.4.846
https://doi.org/10.1093/AJCN/87.4.846
https://doi.org/10.1038/ijo.2012.127
https://doi.org/10.1056/NEJMoa1010112
https://doi.org/10.1056/NEJMoa1006992
https://doi.org/10.1056/NEJMoa1006992
https://doi.org/10.1016/J.NUMECD.2015.04.007
https://doi.org/10.1016/J.NUMECD.2015.04.007


Page 11 of 12Braune et al. Int J Behav Nutr Phys Act           (2024) 21:56 	

studies. Int J Epidemiol. 2017;46(3):1029–56. https://​doi.​org/​10.​1093/​ije/​
dyw319.

	12.	 NHS. 5 A Day portion sizes - Eat well. NHS. Published September 18, 2018. 
Accessed December 2, 2021. https://​www.​nhs.​uk/​live-​well/​eat-​well/5-​a-​
day-​porti​on-​sizes/.

	13.	 Li M, Fan Y, Zhang X, Hou W, Tang Z, Tang Z. Fruit and vegetable intake 
and risk of type 2 diabetes mellitus: meta-analysis of prospective cohort 
studies. BMJ Open. 2014;4. https://​doi.​org/​10.​1136/​bmjop​en-​2014.

	14.	 World Cancer Research Fund/American Institute for Cancer Research. 
Continuous Update Project Expert Report 2018. Wholegrains, vegetables 
and fruit and the risk of cancer. Available at dieta​ndcan​cerre​port.​org.

	15.	 Dahm CC, Chomistek AK, Jakobsen MU, et al. Adolescent Diet Quality and 
Cardiovascular Disease Risk Factors and Incident Cardiovascular Disease 
in Middle‐Aged Women. J Am Heart Assoc. 2016;5(12). https://​doi.​org/​10.​
1161/​JAHA.​116.​003583.

	16.	 Moreno LA, Gottrand F, Huybrechts I, Ruiz JR, González-Gross M, 
DeHenauw S. Nutrition and Lifestyle in European Adolescents: The 
HELENA (Healthy Lifestyle in Europe by Nutrition in Adolescence) Study. 
Adv Nutr. 2014;5(5):615S-623S. https://​doi.​org/​10.​3945/​an.​113.​005678.

	17.	 Joint WHO/FAO Expert Consultation. Diet. Nutrition and the Prevention of 
Chronic Diseases: World Health Organization; 2002.

	18.	 Berger NA. Young Adult Cancer: Influence of the Obesity Pandemic. 
Obesity. 2018;26(4):641–50. https://​doi.​org/​10.​1002/​OBY.​22137.

	19.	 McGill HC, McMahan CA, Herderick EE, Malcom GT, Tracy RE, Strong JP. 
Origin of atherosclerosis in childhood and adolescence. Am J Clin Nutr. 
2000;72(5):1307s–15s. https://​doi.​org/​10.​1093/​ajcn/​72.5.​1307s.

	20.	 Hruby A, Manson JE, Qi L, et al. Determinants and Consequences of Obe-
sity. Am J Public Health. 2016;106(9):1656–62. https://​doi.​org/​10.​2105/​
AJPH.​2016.​303326.

	21.	 Hollis JL, Collins CE, DeClerck F, Chai LK, McColl K, Demaio AR. Defining 
healthy and sustainable diets for infants, children and adolescents. Glob 
Food Secur. 2020;27: 100401. https://​doi.​org/​10.​1016/j.​gfs.​2020.​100401.

	22.	 World Health Organization. Healthy Diet. World Health Organization. 
Published 2020. Accessed November 17, 2023. https://​www.​who.​int/​
news-​room/​fact-​sheets/​detail/​healt​hy-​diet.

	23.	 Panagiotakos DB, Chrysohoou C, Pitsavos C, Stefanadis C. Association 
between the prevalence of obesity and adherence to the Mediterranean 
diet: the ATTICA study. Nutrition. 2006;22(5):449–56. https://​doi.​org/​10.​
1016/j.​nut.​2005.​11.​004.

	24.	 Togo P, Osler M, Sørensen TIA, Heitmann BL. A longitudinal study of food 
intake patterns and obesity in adult Danish men and women. Int J Obes. 
2004;28(4):583–93. https://​doi.​org/​10.​1038/​sj.​ijo.​08025​98.

	25.	 Wang Y, Ge K, Popkin BM. Why do some overweight children remain 
overweight, whereas others do not? Public Health Nutr. 2003;6(6):549–58. 
https://​doi.​org/​10.​1079/​PHN20​03470.

	26.	 Arnotti K, Bamber M. Fruit and Vegetable Consumption in Overweight or 
Obese Individuals: A Meta-Analysis. West J Nurs Res. 2020;42(4):306–14. 
https://​doi.​org/​10.​1177/​01939​45919​858699.

	27.	 Public Health England. NDNS: results from years 9 to 11 (combined) – 
statistical summary. Published December 11, 2020. Accessed December 
6, 2021. https://​www.​gov.​uk/​gover​nment/​stati​stics/​ndns-​resul​ts-​from-​
years-9-​to-​11-​2016-​to-​2017-​and-​2018-​to-​2019/​ndns-​resul​ts-​from-​years-9-​
to-​11-​combi​ned-​stati​stical-​summa​ry.

	28.	 Ashford R, Rennie K, Steer T, et al. National Diet and Nutrition Survey. Diet, 
Nutrition and Physical Activity in 2020: A Follow up Study during COVID-
19. Public Health England; 2021:58. https://​assets.​publi​shing.​servi​ce.​gov.​
uk/​media/​614b1​6c8d3​bf7f7​1919a​7f47/​Follow_​up_​stud_​2020_​main_​
report.​pdf.

	29.	 Health Survey for England. Health Survey for England: Fruit and vegeta-
bles. Published 2019. Accessed December 6, 2021. http://​healt​hsurv​ey.​
hscic.​gov.​uk/​data-​visua​lisat​ion/​data-​visua​lisat​ion/​explo​re-​the-​trends/​
fruit-​veget​ables.​aspx?​type=​adult.

	30.	 Viner RM, Ross D, Hardy R, et al. Life course epidemiology: recognis-
ing the importance of adolescence. J Epidemiol Community Health. 
2015;69(8):719–20. https://​doi.​org/​10.​1136/​JECH-​2014-​205300.

	31.	 Pearson N, Biddle SJ, Gorely T. Family correlates of fruit and vegetable 
consumption in children and adolescents: a systematic review. Public 
Health Nutr. 2009;12(2):267–83. https://​doi.​org/​10.​1017/​S1368​98000​
80025​89.

	32.	 Burgess-Champoux TL, Larson N, Neumark-Sztainer D, Hannan PJ, Story 
M. Are Family Meal Patterns Associated with Overall Diet Quality during 

the Transition from Early to Middle Adolescence? J Nutr Educ Behav. 
2009;41(2):79–86. https://​doi.​org/​10.​1016/j.​jneb.​2008.​03.​113.

	33.	 Berge JM, MacLehose RF, Larson N, Laska M, Neumark-Sztainer D. Family 
Food Preparation and Its Effects on Adolescent Dietary Quality and Eat-
ing Patterns. J Adolesc Health. 2016;59(5):530–6. https://​doi.​org/​10.​1016/j.​
jadoh​ealth.​2016.​06.​007.

	34.	 Fox EL, Timmer A. Children’s and adolescents’ characteristics and interac-
tions with the food system. Glob Food Secur. 2020;27(100419):100419. 
https://​doi.​org/​10.​1016/j.​gfs.​2020.​100419.

	35.	 Xu L, Odum M, Rogers CR, Wu Q, Wilmouth L. Association between fam-
ily/neighborhood cancer risk factors and adolescent dietary behaviors: a 
parent-adolescent dyadic analysis. Am J Lifestyle Med. 2022;16(5):622–32. 
https://​doi.​org/​10.​1177/​15598​27620​949215.

	36.	 Lahmann PH, Williams GM, Najman JM, Mamun AA. Mother–adult off-
spring resemblance in dietary intake: a community-based cohort study 
in Australia. Am J Clin Nutr. 2017;105(1):185–93. https://​doi.​org/​10.​3945/​
ajcn.​116.​137539.

	37.	 Watts AW, Miller J, Larson NI, Eisenberg ME, Story MT, Neumark-Sztainer 
D. Multicontextual correlates of adolescent sugar-sweetened beverage 
intake. Eat Behav. 2018;30:42–8. https://​doi.​org/​10.​1016/j.​eatbeh.​2018.​04.​
003.

	38.	 van den Broek N, Larsen JK, Verhagen M, Eisinga R, Burk WJ, Vink JM. 
The longitudinal link between mothers’ and adolescents’ snacking: The 
moderating role of television viewing. Appetite. 2018;120:565–70. https://​
doi.​org/​10.​1016/j.​appet.​2017.​10.​010.

	39.	 Fleary SA, Ettienne R. The relationship between food parenting practices, 
parental diet and their adolescents’ diet. Appetite. 2019;135:79–85. 
https://​doi.​org/​10.​1016/j.​appet.​2019.​01.​008.

	40.	 Arcan C, Neumark-Sztainer D, Hannan P, van den Berg P, Story M, Larson 
N. Parental eating behaviours, home food environment and adolescent 
intakes of fruits, vegetables and dairy foods: longitudinal findings from 
Project EAT. Public Health Nutr. 2007;10(11):1257–65. https://​doi.​org/​10.​
1017/​S1368​98000​76871​51.

	41.	 Dong F, Howard AG, Herring AH, et al. Parent–child associations for 
changes in diet, screen time, and physical activity across two decades 
in modernizing China: China Health and Nutrition Survey 1991–2009. 
Int J Behav Nutr Phys Act. 2016;13(1):118. https://​doi.​org/​10.​1186/​
s12966-​016-​0445-z.

	42.	 Sylvestre MP, O’Loughlin J, Gray-Donald K, Hanley J, Paradis G. Association 
Between Fruit and Vegetable Consumption in Mothers and Children in 
Low-Income Urban Neighborhoods. Health Educ Behav. 2007;34(5):723–
34. https://​doi.​org/​10.​1177/​10901​98106​290758.

	43.	 Stok F, Renner B, Clarys P, Lien N, Lakerveld J, Deliens T. Understanding 
Eating Behavior during the Transition from Adolescence to Young Adult-
hood: A Literature Review and Perspective on Future Research Directions. 
Nutrients. 2018;10(6):667. https://​doi.​org/​10.​3390/​nu100​60667.

	44.	 Winpenny EM, Van Sluijs EMF, White M, Klepp KI, Wold B, Lien N. Changes 
in diet through adolescence and early adulthood: longitudinal trajecto-
ries and association with key life transitions. Int J Behav Nutr Phys Act. 
2018;15(86). https://​doi.​org/​10.​1186/​s12966-​018-​0719-8.

	45.	 Winpenny EM, Winkler MR, Stochl J, van Sluijs EMF, Larson N, Neumark-
Sztainer D. Associations of early adulthood life transitions with changes 
in fast food intake: a latent trajectory analysis. Int J Behav Nutr Phys Act. 
2020;17(1):130. https://​doi.​org/​10.​1186/​s12966-​020-​01024-4.

	46.	 Elstgeest LEM, Mishra GD, Dobson AJ. Transitions in living arrangements 
are associated with changes in dietary patterns in young women. J Nutr. 
2012;142(8):1561–7. https://​doi.​org/​10.​3945/​JN.​112.​158188.

	47.	 Laska MN, Larson NI, Neumark-Sztainer D, Story M. Dietary patterns and 
home food availability during emerging adulthood: do they differ by 
living situation? Public Health Nutr. 2009;13(2):222–8. https://​doi.​org/​10.​
1017/​S1368​98000​99907​60.

	48.	 Sharma B, Harker M, Harker D, Reinhard K. Living independently and 
the impact on young adult eating behaviour in Germany. Br Food J. 
2009;111(5):436–51. https://​doi.​org/​10.​1108/​00070​70091​09572​85.

	49.	 Sawyer SM, Azzopardi PS, Wickremarathne D, Patton GC. The age of 
adolescence. Lancet Child Adolesc Health. 2018;2(3):223–8. https://​doi.​
org/​10.​1016/​S2352-​4642(18)​30022-1.

	50.	 Centre for Ageing and Demography. Milestones: journeying into adult-
hood. Office for National Statistics. Published February 18, 2019. Accessed 
November 1, 2023. https://​www.​ons.​gov.​uk/​peopl​epopu​latio​nandc​

https://doi.org/10.1093/ije/dyw319
https://doi.org/10.1093/ije/dyw319
https://www.nhs.uk/live-well/eat-well/5-a-day-portion-sizes/
https://www.nhs.uk/live-well/eat-well/5-a-day-portion-sizes/
https://doi.org/10.1136/bmjopen-2014
https://dietandcancerreport.org
https://doi.org/10.1161/JAHA.116.003583
https://doi.org/10.1161/JAHA.116.003583
https://doi.org/10.3945/an.113.005678
https://doi.org/10.1002/OBY.22137
https://doi.org/10.1093/ajcn/72.5.1307s
https://doi.org/10.2105/AJPH.2016.303326
https://doi.org/10.2105/AJPH.2016.303326
https://doi.org/10.1016/j.gfs.2020.100401
https://www.who.int/news-room/fact-sheets/detail/healthy-diet
https://www.who.int/news-room/fact-sheets/detail/healthy-diet
https://doi.org/10.1016/j.nut.2005.11.004
https://doi.org/10.1016/j.nut.2005.11.004
https://doi.org/10.1038/sj.ijo.0802598
https://doi.org/10.1079/PHN2003470
https://doi.org/10.1177/0193945919858699
https://www.gov.uk/government/statistics/ndns-results-from-years-9-to-11-2016-to-2017-and-2018-to-2019/ndns-results-from-years-9-to-11-combined-statistical-summary
https://www.gov.uk/government/statistics/ndns-results-from-years-9-to-11-2016-to-2017-and-2018-to-2019/ndns-results-from-years-9-to-11-combined-statistical-summary
https://www.gov.uk/government/statistics/ndns-results-from-years-9-to-11-2016-to-2017-and-2018-to-2019/ndns-results-from-years-9-to-11-combined-statistical-summary
https://assets.publishing.service.gov.uk/media/614b16c8d3bf7f71919a7f47/Follow_up_stud_2020_main_report.pdf
https://assets.publishing.service.gov.uk/media/614b16c8d3bf7f71919a7f47/Follow_up_stud_2020_main_report.pdf
https://assets.publishing.service.gov.uk/media/614b16c8d3bf7f71919a7f47/Follow_up_stud_2020_main_report.pdf
http://healthsurvey.hscic.gov.uk/data-visualisation/data-visualisation/explore-the-trends/fruit-vegetables.aspx?type=adult
http://healthsurvey.hscic.gov.uk/data-visualisation/data-visualisation/explore-the-trends/fruit-vegetables.aspx?type=adult
http://healthsurvey.hscic.gov.uk/data-visualisation/data-visualisation/explore-the-trends/fruit-vegetables.aspx?type=adult
https://doi.org/10.1136/JECH-2014-205300
https://doi.org/10.1017/S1368980008002589
https://doi.org/10.1017/S1368980008002589
https://doi.org/10.1016/j.jneb.2008.03.113
https://doi.org/10.1016/j.jadohealth.2016.06.007
https://doi.org/10.1016/j.jadohealth.2016.06.007
https://doi.org/10.1016/j.gfs.2020.100419
https://doi.org/10.1177/1559827620949215
https://doi.org/10.3945/ajcn.116.137539
https://doi.org/10.3945/ajcn.116.137539
https://doi.org/10.1016/j.eatbeh.2018.04.003
https://doi.org/10.1016/j.eatbeh.2018.04.003
https://doi.org/10.1016/j.appet.2017.10.010
https://doi.org/10.1016/j.appet.2017.10.010
https://doi.org/10.1016/j.appet.2019.01.008
https://doi.org/10.1017/S1368980007687151
https://doi.org/10.1017/S1368980007687151
https://doi.org/10.1186/s12966-016-0445-z
https://doi.org/10.1186/s12966-016-0445-z
https://doi.org/10.1177/1090198106290758
https://doi.org/10.3390/nu10060667
https://doi.org/10.1186/s12966-018-0719-8
https://doi.org/10.1186/s12966-020-01024-4
https://doi.org/10.3945/JN.112.158188
https://doi.org/10.1017/S1368980009990760
https://doi.org/10.1017/S1368980009990760
https://doi.org/10.1108/00070700910957285
https://doi.org/10.1016/S2352-4642(18)30022-1
https://doi.org/10.1016/S2352-4642(18)30022-1
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationestimates/articles/milestonesjourneyingintoadulthood/2019-02-18


Page 12 of 12Braune et al. Int J Behav Nutr Phys Act           (2024) 21:56 

ommun​ity/​popul​ation​andmi​grati​on/​popul​ation​estim​ates/​artic​les/​miles​
tones​journ​eying​intoa​dulth​ood/​2019-​02-​18.

	51.	 University of Essex Institute for Social and Economic Research. 
Understanding Society: Waves 1-12, 2009-2022 and Harmonised BHPS: 
Waves 1-18, 1991-2009. Published online 2023. https://​doi.​org/​10.​5255/​
UKDA-​SN-​6614-​18

	52.	 Institute for Social and Economic Research. Understanding Society: 
Waves 1-13, 2009-2022 and Harmonised BHPS: Waves 1-18, 1991-2009, 
User Guide, 6 December 2023, Colchester: University of Essex; 2023.

	53.	 Office for National Statistics. Ethnic group classifications: Census 2021. 
Accessed April 21, 2024. https://​www.​ons.​gov.​uk/​census/​censu​s2021​dicti​
onary/​varia​blesb​ytopic/​ethni​cgrou​pnati​onali​denti​tylan​guage​andre​ligio​
nvari​ables​censu​s2021/​ethni​cgroup/​class​ifica​tions.

	54.	 R Core Team. R: A language and environment for statistical computing. 
Vienna: R Foundation for Statistical Computing; 2021. https://​www.R-​
proje​ct.​org/.

	55.	 Python Software Foundation. Python Language Reference, version 3. 
Available at http://​www.​python.​org.

	56.	 Bates D., Maechler M., Bolker B., Walker S. lme4: Linear mixed-effects mod-
els using Eigen and S4: R package version. Published online November 5, 
2023. Accessed August 11, 2023. https://​github.​com/​lme4/​lme4/.

	57.	 Bates D. R: Compute Confidence Intervals for Parameters of a [ng]lmer Fit. 
Accessed August 16, 2023. https://​search.​r-​proje​ct.​org/​CRAN/​refma​ns/​
lme4/​html/​confi​nt.​merMod.​html.

	58.	 Office for National Statistics (ONS), released 29 November 2022, ONS 
website, statistical bulletin, Ethnic group, England and Wales: Census; 
2021. https://​www.​ons.​gov.​uk/​peopl​epopu​latio​nandc​ommun​ity/​cultu​
ralid​entity/​ethni​city/​bulle​tins/​ethni​cgrou​pengl​andan​dwales/​censu​
s2021.

	59.	 Aljadani HM, Patterson A, Sibbritt D, Hutchesson MJ, Jensen ME, Collins 
CE. Diet quality, measured by fruit and vegetable intake, predicts weight 
change in young women. J Obes. 2013;2013. https://​doi.​org/​10.​1155/​
2013/​525161.

	60.	 Lasko-Skinner R, Sweetland J. Food in a Pandemic. Food Standards 
Agency; 2021. Accessed November 27, 2023. https://​www.​food.​gov.​uk/​
sites/​defau​lt/​files/​media/​docum​ent/​fsa-​food-​in-a-​pande​mic-​march-​2021.​
pdf.

	61.	 Evandrou M, Falkingham J, Qin M, Vlachantoni A. Changing living 
arrangements and stress during Covid-19 lockdown: Evidence from four 
birth cohorts in the UK. SSM - Popul Health. 2021;13:100761. https://​doi.​
org/​10.​1016/j.​ssmph.​2021.​100761.

	62.	 Kaminska O. Weighting guidance | Understanding Society. Understand-
ing Society. Accessed August 11, 2023. https://​www.​under​stand​ingso​
ciety.​ac.​uk/​docum​entat​ion/​mains​tage/​user-​guides/​main-​survey-​user-​
guide/​weigh​ting-​guida​nce.

	63.	 Lau RR, Quadrel MJ, Hartman KA. Development and Change of Young 
Adults’ Preventive Health Beliefs and Behavior: Influence from Parents and 
Peers. J Health Soc Behav. 1990;31(3):240. https://​doi.​org/​10.​2307/​21368​
90.

	64.	 Micha R, Karageorgou D, Bakogianni I, et al. Effectiveness of school food 
environment policies on children’s dietary behaviors: A systematic review 
and meta-analysis. PLoS ONE. 2018;13(3). https://​doi.​org/​10.​1371/​journ​al.​
pone.​01945​55.

	65.	 Fletcher J, Branen LJ, Lawrence A. Late adolescents’ perceptions of their 
caregiver’s feeding styles and practices and those they will use with their 
own children. Adolescence. 1997;32(126):287–98.

	66.	 Lam CB, McHale SM, Crouter AC. Time With Peers From Middle Childhood 
to Late Adolescence: Developmental Course and Adjustment Correlates. 
Child Dev. 2014;85(4):1677–93. https://​doi.​org/​10.​1111/​cdev.​12235.

	67.	 O’Brien SF, Bierman KL. Conceptions and Perceived Influence of Peer 
Groups: Interviews with Preadolescents and Adolescents. Child Dev. 
1988;59(5):1360–5. https://​doi.​org/​10.​1111/j.​1467-​8624.​1988.​tb015​04.x.

	68.	 Knoll LJ, Magis-Weinberg L, Speekenbrink M, Blakemore SJ. Social 
Influence on Risk Perception During Adolescence. Psychol Sci. 
2015;26(5):583–92. https://​doi.​org/​10.​1177/​09567​97615​569578.

	69.	 Dickens E, Ogden J. The role of parental control and modelling in 
predicting a child’s diet and relationship with food after they leave home 
A prospective study. Appetite. 2014;76:23–9. https://​doi.​org/​10.​1016/j.​
appet.​2014.​01.​013.

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

https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationestimates/articles/milestonesjourneyingintoadulthood/2019-02-18
https://www.ons.gov.uk/peoplepopulationandcommunity/populationandmigration/populationestimates/articles/milestonesjourneyingintoadulthood/2019-02-18
https://doi.org/10.5255/UKDA-SN-6614-18
https://doi.org/10.5255/UKDA-SN-6614-18
https://www.ons.gov.uk/census/census2021dictionary/variablesbytopic/ethnicgroupnationalidentitylanguageandreligionvariablescensus2021/ethnicgroup/classifications
https://www.ons.gov.uk/census/census2021dictionary/variablesbytopic/ethnicgroupnationalidentitylanguageandreligionvariablescensus2021/ethnicgroup/classifications
https://www.ons.gov.uk/census/census2021dictionary/variablesbytopic/ethnicgroupnationalidentitylanguageandreligionvariablescensus2021/ethnicgroup/classifications
https://www.R-project.org/
https://www.R-project.org/
http://www.python.org
https://github.com/lme4/lme4/
https://search.r-project.org/CRAN/refmans/lme4/html/confint.merMod.html
https://search.r-project.org/CRAN/refmans/lme4/html/confint.merMod.html
https://www.ons.gov.uk/peoplepopulationandcommunity/culturalidentity/ethnicity/bulletins/ethnicgroupenglandandwales/census2021
https://www.ons.gov.uk/peoplepopulationandcommunity/culturalidentity/ethnicity/bulletins/ethnicgroupenglandandwales/census2021
https://www.ons.gov.uk/peoplepopulationandcommunity/culturalidentity/ethnicity/bulletins/ethnicgroupenglandandwales/census2021
https://doi.org/10.1155/2013/525161
https://doi.org/10.1155/2013/525161
https://www.food.gov.uk/sites/default/files/media/document/fsa-food-in-a-pandemic-march-2021.pdf
https://www.food.gov.uk/sites/default/files/media/document/fsa-food-in-a-pandemic-march-2021.pdf
https://www.food.gov.uk/sites/default/files/media/document/fsa-food-in-a-pandemic-march-2021.pdf
https://doi.org/10.1016/j.ssmph.2021.100761
https://doi.org/10.1016/j.ssmph.2021.100761
https://www.understandingsociety.ac.uk/documentation/mainstage/user-guides/main-survey-user-guide/weighting-guidance
https://www.understandingsociety.ac.uk/documentation/mainstage/user-guides/main-survey-user-guide/weighting-guidance
https://www.understandingsociety.ac.uk/documentation/mainstage/user-guides/main-survey-user-guide/weighting-guidance
https://doi.org/10.2307/2136890
https://doi.org/10.2307/2136890
https://doi.org/10.1371/journal.pone.0194555
https://doi.org/10.1371/journal.pone.0194555
https://doi.org/10.1111/cdev.12235
https://doi.org/10.1111/j.1467-8624.1988.tb01504.x
https://doi.org/10.1177/0956797615569578
https://doi.org/10.1016/j.appet.2014.01.013
https://doi.org/10.1016/j.appet.2014.01.013

	Exploring the changing association between parental and adolescent fruit and vegetable intakes, from age 10 to 30 years
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study design and population
	Survey and measures
	Outcome: adolescent FV intake (portions per day)
	Exposure: parental FV intake (portions per day)
	Confounders
	Moderators
	Missing values and outliers

	Statistical analysis
	Multilevel models


	Results
	Sample characteristics and descriptive statistics
	Change in FV intake
	Association between parental FV intake and adolescent FV intake
	Changes in the association between parental and adolescent FV intake with age
	Change in the association with parental FV intake with living arrangement

	Discussion
	Principal findings
	Strengths and limitations of the study
	Comparison with previous evidence and implications of the findings

	Conclusion
	Acknowledgements
	References


