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Abstract

Objective: The present study aimed to evaluate the association of frequency of
consuming takeaway meals and meals out with diet quality of UK adolescents.
Design: The Diet Quality Index for Adolescents (DQI-A) tool was used to assess
diet quality, where adolescents’ food intake was based on 4d diary records
obtained from the UK cross-sectional National Diet and Nutrition Survey (NDNS)
rolling programme Years 1-6. Models included confounders.

Setting: The DQI-A relies on three components, specifically diet quality, diversity
and equilibrium, which reflect the degree of adherence of an adolescent’s diet
with food-based dietary guidelines.

Participants: British (r2 2045) adolescents aged 11-18 years.

Results: Mean diet quality score for all adolescents was 20-4 % (overall DQI-A score
range: —33 to 100%). After adjusting for age, gender and equivalised household
income, DQI-A% score was higher for low and moderate takeaway consumers by
7:4% (95% CI 55, 9-2; P<0-01) and 3-5% (95 % CI 1-9, 5-1; P < 0-01), respectively,
v. frequent consumers. Significant differences were also observed between low,
moderate and frequent takeaway consumers among all DQI-A components and
sub-components (P < 0-05), except for the diet adequacy sub-component (DAx).
Results for frequent consumption of meals out were similar but attenuated and not
statistically significant for individual components before or after adjusting for
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Conclusions: Frequent consumption of takeaway meals may have a negative Adolescents
impact on adolescents’ diet quality and therefore policies to reduce the intake of Tokeaways
takeaways should be considered in this age group. Meals out

The significant global rise in diet-related non-communic-
able diseases indicates that there are serious nutritional
issues in both developed and developing countries'”.
According to WHO, CVD were responsible for the largest
number of deaths in 2015'*. Many diseases exist not only
as a result of increasing rates of obesity and overweight
among children, but also because of the unhealthy diets of
children®. Poor diet, particularly due to intake of foods
high in sugar and fat, is one of the major threats to health
and well-being™. The many different causes of childhood
and adulthood obesity such as socio-economic inequal-
ities also include factors related to deprivation, education
level and ethnicity. In the UK, observational studies report
that lower socio-economic groups consume less oily fish,
fruits and vegetables, but more red and processed meats
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and foods and drinks high in free sugars compared with
higher socio-economic groups™. In addition, the food
environment also plays a crucial role in individual beha-
viours and food choices. For example, the availability,
accessibility, portion size and cost of different food types
both at home and in surrounding food outlets are all
influential®.

The main driver of overweight and obesity is believed
to be the imbalance between energy intake and energy
expenditure, mainly due to the overconsumption of
energy-dense foods that are known to be high in fat and
sugars as well as an increase in sedentary lifestyles'”.
Overconsumption of energy-dense foods derived from fast
and convenience food outlets is believed to be an
important contributor to the increased risk of obesity and
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type 2 diabetes among young generations™>”. Two long-
itudinal prospective studies including young adults aged
18-30 years, with 3 to 15 years follow-up, found that
increased frequency of fast-food restaurant visits"'” and
consumption of fast food™" can lead to increased body
weight (follow-up . baseline). In fact, higher fat and total
energy intakes are linked with consumption of takeaway
and fast foods which offer a variety of ready-to-eat meals
and energy-dense foods"'?. Consumption of fast food
remains positively and significantly associated with total
energy intake as well as intakes of total fat, saturated fat,
carbohydrates, sugar and sugar-sweetened beverages'”’.
Consumption of takeaway meals and food purchased
outside the home (rather than food prepared at home) is
found to be negatively associated with diet quality™**'?. In
England, schoolchildren were observed to purchase foods
from surrounding food outlets not only during lunch break
but also during the journey going to and from school.
Young people are specifically targeted for price promotion
and many of those food outlets provide discounts on items
such as sugar-sweetened drinks, hot food takeaways and
confectionery™®. A recent cross-sectional study based in
three cities in England (London, Birmingham and Leice-
ster) found that 28 % of children aged 9-11 years from
eighty-five primary schools consumed takeaway meals at
least once per week. LDL-cholesterol, fat mass index and
total cholesterol were all observed to be higher among
students who consumed takeaway meals (at least once per
week) than among those who never or hardly consumed
takeaway meals"" .

Previous research has assessed individual macro- and/
or micronutrients; however, the need for higher-quality
data to strengthen the evidence for overall diet is
required. A simple, easy-to-interpret tool to indicate the
quality of a diet without requiring intensive analysis of
foods to nutrients in this age group has resulted in the
development of the Diet Quality Index for Adolescents
(DQI-A)'*'” The DQI-A is based on the intake of food
groups without including the intake of nutrients and it
was adapted from a validated index called the Diet
Quality Index for Preschool Children. The validated DQI
for pre-schoolers was derived from the original DQI. The
DQI-A was developed mainly to assess the degree of
adherence of adolescents’ diet with food-based dietary
guidelines (FBDG)'®. FBDG, also known as dietary
guidelines, are used to provide sufficient information for
different governmental sectors to implement interventions
towards healthy eating and lifestyles. Such interventions
can focus on food and nutrition, polices regarding health
and agriculture, and educational programmes. Therefore,
the primary role of FBDG is to provide advice to the
general public, thereby enabling individuals to meet their
daily dietary requirements of both nutrients and food
groups; this will help in preventing chronic diseases and
promoting healthy lifestyles”"”. The aim of the present
study was to evaluate the association of the frequency of
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consuming takeaway meals and meals out with diet
quality of UK adolescents aged 11-18 years.

Methods

The data used in the present study were from the National
Diet and Nutrition Survey (NDNS), an annual rolling pro-
gramme aiming to assess nutritional intake and status of
people living in private households in the UK aged 1-5
years or above. In each year of the survey, a sample of 500
adults (aged 19 years or over) and 500 children (aged 1-5—
18 years) was randomly recruited based on postcode.
Randomly selected addresses were posted information
leaflets describing the purpose of the NDNS and a consent
form. These were followed up by a face-to-face visit by an
interviewer. For children aged under 16 years, consent
was sought from both the child and their parents for the
interview, blood and urine sampling. For adults aged 16
years or above, parental consent was obtained for the
blood and urine sampling. Ethical approval for the NDNS
was obtained from the Oxfordshire A Research Ethics
Committee®. In the present study, all participants aged
11-18 years from the NDNS data sets for 2008 to 2014
were included (Years 1-6).

Variables of interest

Takeaway meals and meals out

The interviewers asked the participants two questions on
fast food to collect data relating to their eating habits. In
both questions, the interviewers provided further clar-
ification for the terms ‘meals out’ and ‘takeaway meals at
home’. These questions were: ‘On average, how often do
you/does your child eat meals out in a restaurant or cafe?,
where the meals mean more than a beverage or bag of
chips; and ‘On average, how often do you/does your child
eat takeaway meals at home?, where the meals mean
more than a beverage or bag of chips including pizza, fish
and chips, burgers, etc. Using frequency of consuming
takeaway meals at home and consuming meals outside the
home, respondents were categorised as low consumers
(including rarely/never), moderate consumers (including
once per month) and frequent consumers (including once
or twice per week, three or four times per week, and five
or more times per week). Participants with ‘do not know’
answers were excluded from the analysis. This method of
categorisation has been used previously, as it has been
reported that the risk of developing health-related diseases
is linked with consuming fast food more than once

weekly(ZI’ZZ).

Food intake

The intake of food was obtained from 4d diary records.
The diet quality score was calculated for each day, then
the mean value of the four days was calculated and used
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to assess the diet quality index of the adolescent partici-
pants. Some food items were excluded from the analysis,
including commercial toddler drinks and foods. Those
food items were excluded because the current study only
involved adolescents aged 11-18 years and toddler foods
and drinks are not typically consumed by older children.

DOI-A
The latest version of the FBDG in the UK is the Eatwell
Guide, which was published in 2016 by Public Health
England and consists of seven main food groups as fol-
lows: (i) potatoes, bread, rice, pasta and other starchy
carbohydrates; (i) dairy and alternatives; (iii) beans, pul-
ses, fish, eggs, meat and other proteins; (iv) fruit and
vegetables; (v) oil and spreads; (vi) water; and (vi) con-
fectionery and high-fat and high-sugar snacks"'***’. The
Flemish FBDG, which was used to validate the DQI-A,
includes mostly the same recommended food groups
mentioned in the Eatwell Guide. Like FBDG, the DQI-A
relies on three main components, namely the quality,
diversity and equilibrium of the diet compared with the
governmental dietary guidelines. Each component has its
own definition and technique for the scoring criteria”.

Diet quality component

The diet quality component (DQc) assesses diet based on
the quality of the foods consumed within nine recom-
mended food groups: (i) water; (ii) bread and cereal; (iii)
potatoes and grains; (iv) vegetable; (v) fruits; (vi) milk
products; (vii) cheese; (viii) meat, fish and substitutes; and
(ix) fat and oils. To calculate the score, the amount of food
consumed (m) from each food group is multiplied by a
weighting factor. The weighting factor is divided into three
groups, namely the preference, intermediate and low-
nutrient/energy-dense groups. Each weighting factor has
an associated digit, as follows: ‘+1’ for the preference
group, including cereal/brown bread, fish and fresh fruit;
‘0’ for the intermediate group, including white bread and
minced meat; and ‘-1’ for the low-nutrient/energy-dense
group, including soft drinks, sweet snacks and chicken
nuggets. First, the diet quality was calculated for each of
the nine food groups and then the final score of this
component was calculated using the equation: Y.(DQ)/
Ym x 100%. More details and examples on the classifi-
cation of food items and the scoring criteria of weighting
factors can be found elsewhere"'”.

Diet diversity component

The diet diversity component (DDc) assesses the degree
of variation in an adolescent’s diet, where the scoring
range is from 0 to 9 points. Consuming at least one serving
from each of the nine recommended food groups adds 1
point to the total score. For example, if an adolescent’s
mean consumption for the fruit group is more than 80 g,
then s/he gains a score of 1; otherwise, the score will be 0.
The final score for this component can be calculated using
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the equation: Y.(DD)/9 X 100% (sum of DD points for all
nine food groups for each adolescent). In terms of serving
size, because the Eatwell Guide does not provide infor-
mation regarding portion and/or serving size for all the
recommended food groups, the portion size recom-
mended by the British Dietetic Association was used as
follows: (i) water, 200 ml; (i) bread and cereal, 35 g; (iii)
potatoes and grains, 175 g; (iv) vegetables, 80 g; (v) fruits,
80g; (vi) milk products, 200 ml; (vi) cheese, 30g; (viii)
meat, fish and substitutes, 100 g; and (ix) fat and oils, 4 g.
To gain a better and more accurate measurement of
recommended portion sizes of these food groups among
children and adolescents, other reference sources were
used, such as those of the Food Standards Agency, espe-

cially for starchy food groups*#>.

Diet equilibrium component

The diet equilibrium component (DEc) consists of two
sub-components, namely the adequacy component (diet
adequacy, DAX) and the excess component (diet excess,
DEx). These two sub-components express the degree of
adherence of an adolescent’s diet to the minimum and
maximum intakes of each of the nine recommended food
groups. The adequacy component represents the per-
centage of the minimum recommended intake of each of
the nine food groups, converted to ‘1’, whereas the excess
component represents the percentage of the intake
exceeding the upper limit of the recommendation (eleven
food groups, nine recommended and two non-recom-
mended), converted to ‘1" if larger than 1 and converted to
‘0" if below 0. Then, the dietary equilibrium is calculated
by subtracting DEx from DAx (i.e. DE=DAx-DEx).
Finally, the total diet equilibrium score can be calculated
by dividing the sum of diet equilibrium scores by 11 and
multiplying by 100: Y(DE)/11 x 100 %. The recommended
daily intake of all food groups is based on the Flemish
FBDG, where the minimum and maximum intakes of each
of food group are provided. More details on how to cal-
culate each of these sub-components can be found in
published documents™”.

Total DQI-A score

All three main components — diet quality, diet diversity
and diet equilibrium — are presented in percentages. The
percentage ranges for both DDc and DEc are 0-100 %,
whereas the DQc percentage range is —100 to 100 %.
Therefore, the mean percentage of the three main com-
ponents results in a DQI-A score ranging from -33 to
100 %. A higher DQI-A percentage score reflects a better
quality of diet.

Statistical analysis

All statistical analyses were carried out using the statistical
software package Stata version 15.0. Different NDNS data
sets were merged before analysis. The dietary data set was
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merged with either household or individual using ISERIAL
as the unique identifier for individuals. In addition, the
data sets for Years 1-4 and 5-6 were combined, as each of
these was provided individually by NDNS. Applying
weight analyses to a data set is required to adjust for non-
responses, for example, in the NDNS for individual and/or
household data sets. The weighting variable provided in
the NDNS guideline report was used, allowing generation
of an equal distribution of the selected population across
the four parts of the UK; thus, the results obtained from the
Year 1 to Year 6 surveys can be used together.

In addition, the distribution of variables was checked
before any statistical test was performed, including com-
parison of means with the # test;, ANOVA comparison test
and multiple or linear regression analysis. Simple summary
description was conducted to provide general information
related to the study such as response rate, the proportion
of participating males and females, ethnicity and survey
year distribution. Mean scores and confidence intervals of
DQI-A and its components were assessed. A comparison
test was also carried out to examine the differences
between dietary quality score and its components
between each day of the diary records.

Linear regression was then applied, taking into con-
sideration the clustering effect of the adolescents by their
unique identifier number, to estimate the association of the
overall diet quality score or its components (outcome
variables) with takeaway meals or meals consumed out of
home (exposure variables). The results for the linear
regression are presented as unadjusted values applied
alone or as adjusted values after controlling for age, sex
and equivalised household income. Equivalised house-
hold income is a standard methodology, required to adjust
the differences in financial resources for differences in
household type such as size®®. P values of less than 0-05
were considered statistically significant for all tests and
95 % CI are presented with results.

Results

Background description
In total, 2045 adolescents were recruited into the NDNS
and completed a minimum 3 d of diary records; 98 % of
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these participants had 4 d diary records. The proportion of
females was slightly higher than that of males, at 51-5 % (n
1033) and 49-5% (n 1012), respectively; the mean age of
both genders was 14-6 years. In terms of ethnicity, 90-8%
of adolescents were reported to be white, while 9:2%
were from non-white ethnic backgrounds. The weight
measurement was valid for only 1981 participants and
females had a significantly lower weight than males, by
23kg (95% CI -3-7, -1-0kg; P<0-01). Males had sig-
nificantly higher food energy intake than females, with a
mean intake of 8138-9kJ/d (95% CI 8005-4, 8272-5k]J/d;
P<0:01; Table 1). The response rate for information on
physical activity level was less than 50 %, representing all
age groups from both genders (data not shown).

The overall DQI-A% score was broadly similar across
the days with no statistically significant differences
between the days (Table 2). However, there were small
but significant differences in the percentage scores for the
different components and sub-components, with sig-
nificant differences in scores observed between the days
for DDc, DEc, DAx and DEXx, although not for DQc. Fur-
thermore, participants who completed 4d diary records
had higher overall DQI-A% score by 4:6% (95% CI 0-9,
0-8%; P=0-014) than participants who had 3d diary
records. Evaluation of the mean DQI-A% score and its
components and sub-components among all three take-
away and meals-out consumer groups can be seen in
Tables 3 and 4. The UK adolescents had a mean diet
quality score of 20-4 % out of 100 % (ranging from —24-2 to
67-2%).

Consumption of takeaways and meals out

The frequent consumption of takeaways (once or twice
per week or more) was reported by 29-8% (n 589) of
participants, whereas 24-3% (n 496) of them reported to
be frequent consumers of meals out. The majority of
participants were moderate consumers (once per month)
of takeaways (44-3 %) and meals out (46-8 %). Those who
reported to rarely or never consume takeaway meals or
meals out represented 26-9 and 29-0 % of the total number
of participants, respectively. The percentage of adoles-
cents reporting frequent takeaway consumption was 37
and 28% for those who completed 3d and 4d diaries,

Table 1 Summary description of age, weight and food energy intake among British adolescents aged 11-18 years from the National Diet
and Nutrition Survey (NDNS) rolling programme, Years 1-6 (2008—-2014)

Total sample Males Females
(n 2045) (n1012) (n 1033)
Mean 95% ClI Mean 95% ClI Mean 95% ClI
Age (years) 14-6 14.5, 14.7 14.5 14.3, 146 14.7 14.5, 14.8
Weight (kg) 591 58-4, 59-7 60-2 59.2, 61-3 579 57.0, 58-8
Food energy (kJ/d) 7357-8 72669, 74487 81389 80054, 8272:5 65926 6488:1, 6697-0
Food energy (kcal/d) 17586 1736-8, 1780-3 19453 19133, 19772 15757 1550-7, 1600-6
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Table 2 Mean scores of overall diet quality index and its components and sub-components (expressed as percentage) across the three or
four days of diary records among British adolescents aged 11-18 years (n 2045) from the National Diet and Nutrition Survey (NDNS) rolling
programme, Years 1-6 (2008-2014)

Total number=28145

Day 1 Day 2 Day 3 Day 4
(n 2045) (n 2045) (n 2045) (n 2010)
Overall diet quality/component score
Mean 95% CI Mean 95% Cl Mean 95% Cl Mean 95 % Cl (mean of all days recorded)
DQI-A% 212 204,220 206 198,214 199 19.0,207 200 191,208 20-4
DQc% -64 -81,-47 -60 -77,-43 -64 -82,-47 -63 -81,-45 -63
DDc% 46-3 45.6, 471 44.7 43.9, 45.5 435 42.7, 44.3 438 43.0, 44-6 44-6
DEc% 237 232,242 230 225,235 225 22.0,230 225 21.9,623.0 229
DAx% 555  54.9, 56-1 538 532,544 52.8 522,534 522 515,528 53-6
DEx% 217 21-3, 221 21-0 20-6, 21-5 20-6 202, 21-1 20-2 19-8, 20-7 209

DQI-A, Diet Quality Index for Adolescents; DQc, diet quality component; DDc, diet diversity component, DEc, diet equilibrium component; DAXx, diet adequacy
sub-component; DEX, diet excess sub-component.

Table 3 Summary description of overall diet quality index and its component and sub-component scores (expressed as percentage), age
and food energy intake according to frequency* of takeaway consumption among British adolescents aged 11-18 years (n 2045) from the
National Diet and Nutrition Survey (NDNS) rolling programme, Years 1-6 (2008—-2014)

Frequent takeaway Moderate takeaway Low takeaway
Total sample consumers consumers consumers
(n 2045) (n 589) (n 906) (n 550)

Mean 95% ClI Mean 95% Cl Mean 95% ClI Mean 95% Cl
DQI-A% 204 197, 21-0 168 156, 179 20-5 19-5, 21-4 24.2 22.9, 25.5
DQc% -6-3 -77,-50 -132 -15.7, -10-6 -64 -83,-45 11 -16, 38
DDc% 446 44.0, 451 423 41.3, 43-3 446 438, 45.5 46-9 45.8, 48-0
DEc% 22.9 22-6, 23-3 211 205, 21-8 231 22-6, 23-6 24.5 23-8, 25-3
DAx% 53-6 531, 54.0 52.7 51.9, 53-5 53.7 53.0, 54-4 54.3 533, 55-2
DEx% 209 20-6, 21-2 22.0 214,226 20-8 20-4, 21-3 19-9 19:3, 20-5
Age (years) 146 14.5, 14.7 146 144, 14.8 14.5 14.3, 146 14-6 144, 14.8

Food energy (kJ/d) 7358-0 7266-8, 7448-8 75697 73955,7746:3 73492 72191,7479-3 71450 6965-5, 7324.9
Food energy (kcal/d) 17586 1736-8, 1780-3 18092 1767-1,1851.4 17565 1725.4,1787-6 17077 1664-8, 1750.7

DQI-A, Diet Quality Index for Adolescents; DQc, diet quality component; DDc, diet diversity component, DEc, diet equilibrium component; DAx, diet adequacy
sub-component; DEX, diet excess sub-component.

*Low consumption defined as rarely/never; moderate consumption defined as once per month; and frequent consumption defined as once or twice per week
or more.

Table 4 Summary description of overall diet quality index and its component and sub-component scores (expressed as percentage), age
and energy intake according to frequency* of consuming meals out among British adolescents aged 11-18 years (n 2045) from the National
Diet and Nutrition Survey (NDNS) rolling programme, Years 1-6 (2008—-2014)

Frequent meals-out Moderate meals-out Low meals-out
Total sample consumers consumers consumers
(n 2045) (n 496) (n 957) (n 592)
Mean 95% ClI Mean 95 % Cl Mean 95% ClI Mean 95% Cl
DQI-A% 204 197, 21-0 180 167, 19-4 214 20-4, 22-3 20-8 19.6, 221
DQc% -6-3 -77,-50 -10-2 -12.9, -74 -52 -71,-33 -49 -75, —2-3
DDc% 44.6 44.0, 451 43.0 41.9, 44.2 45.5 44.7, 46-3 44.3 43.2, 45.3
DEc% 22.9 22.6, 23-3 21.2 20-4, 21-9 23-8 23.3, 24-3 23.0 22.4, 23.7
DAX% 536 53-1, 54.0 525 51.5, 53-5 54.4 53-8, 55-1 531 52.2, 54-0
DEx% 209 20-6, 21-2 21.8 211, 224 207 20-3, 21-2 20-4 19.8, 21-0
Age (years) 14.6 14.5, 14.7 152 15.0, 153 14.4 14.2, 14.5 14.4 142, 145

Food energy (kJ/d) 73580 72668, 74488 75032 72940, 77124 73555 7229-1,74822 72396 7078-1, 7400-7
Food energy (kcal/d) 17586 1736-8, 1780-3 1793-.3 1743.3, 1843.3 1758.0 1727.8, 17883 1730-3 1691.7, 1768-8

DQI-A, Diet Quality Index for Adolescents; DQc, diet quality component; DDc, diet diversity component, DEc, diet equilibrium component; DAX, diet adequacy
sub-component; DEX, diet excess sub-component.

*Low consumption defined as rarely/never; moderate consumption defined as once per month; and frequent consumption defined as once or twice per week
or more.
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Fig. 1 Number of frequent* takeaway (@) and meals-out () consumers by equivalised household income quintile among British
adolescents aged 11-18 years (n 2045) from the National Diet and Nutrition Survey (NDNS) rolling programme, Years 1-6 (2008—
2014). *Frequent consumption defined as once or twice per week or more

respectively. Similarly, the percentage of adolescents
reporting frequently consuming meals out was 31 and
24% for those who completed 3d and 4d diaries,
respectively. The proportion of participants who con-
sumed takeaway meals once or twice per week or more
was found to be higher among participants with the lowest
equivalised household income compared with those with
highest income. However, this was not true for the con-
sumption of meals outside the home. As can be seen in
Fig. 1, 13% (1 68) of the frequent meals-out consumers
were from lowest-income households, whereas 17% (n
85) of them came from the highest-income households.

In addition, it was observed that the mean intake of
vegetables was 134 g/d among low takeaway consumers
compared with 102 g/d among frequent takeaway con-
sumers. This difference was greatly attenuated among
consumers of meals out, where the mean intake of vege-
tables was 117 and 112g/d among frequent and low
consumers, respectively. The scores for the overall DQI-A
and its components and sub-components were recalcu-
lated after increasing the intake of vegetables by one
portion (80g) to demonstrate the effect of this typical
change in diet on different components. It was observed
that component scores for DQc, DDc, DEc and DAx
increased on average by 29, 3.9, 1-8 and 2-1%, respec-
tively. A mean increase of 2:9 % in the overall DQI-A score
was seen (data not shown).

Associations between diet quality and takeaway
consumption

The results from the regression analysis indicated
an association between the frequency of takeaway con-
sumption and diet quality of UK adolescents. Significant
differences were observed between low, moderate and
frequent (the reference group) takeaway consumers in
their DQI-A scores (Table 5). Low and moderate takeaway
consumers had a higher overall DQI-A% score by 7-4 %
(95% CI 5:6, 9-2%; P<0-01) and 3-7% (95% CI 2-2, 5-2 %,
P<0-01) than frequent consumers, respectively. The
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results remained essentially unaltered after adjusting for
age, gender and equivalised household income, and the
overall DQI-A% score remained higher for low and mod-
erate consumers compared with frequent takeaway con-
sumers (Table 5). In addition, significant differences were
observed between low, moderate and frequent takeaway
consumers for most of the DQI-A components and sub-
components (Table 5). For instance, low and moderate
takeaway consumers had significantly higher DQc scores
than frequent takeaway consumers by 14-2% (95% CI
10-5, 17:9%; P<0-01) and 6:7% (95% CI 36, 9-9%;
P<0-01) respectively, before adjusting for confounders.
This difference remained significant after adjusting for age,
gender and equivalised household income. As indicated,
not all diet quality components and sub-components were
significantly affected by the frequency of takeaway con-
sumption before and after adjusting for confounders

(Table 5).

Associations between diet quality and consumption
of meals out

The results for frequent consumption of meals out were
similar but attenuated and not statistically significant for
individual components, including DDc and Dax, before
adjusting for confounders (Table 6). As was found with
frequent takeaway consumers, the overall DQI-A% score
was significantly higher among low and moderate con-
sumers compared with frequent consumers of meals out
(the reference group), by 2-8% (95% CI 1.0, 4-6%;
P<0-0D and 3-4% (95% CI 1-7, 5-0%; P<0-01), respec-
tively. Moreover, after adjusting for confounders including
age, gender and equivalised household income, statisti-
cally significant differences in overall DQI-A% score were
observed for low, moderate and frequent consumption of
meals outside of home (Table 6). Although there were
significant differences between low, moderate and fre-
quent consumers of meals out among some of the diet
quality components, after adjusting for confounders those
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Table 5 Regression (clustered) analysis between takeaway consumption* and overall diet quality index and its component and sub-
component scores (expressed as percentage) among British adolescents aged 11-18 years (n 2045) from the National Diet and Nutrition
Survey (NDNS) rolling programme, Years 1-6 (2008-2014)

Unadjusted analysis Adjusted analysist
Low consumers Moderate consumers Low consumers Moderate consumers

Frequent takeaway

consumers as reference B 95 % CI P B 95% CI P B 95% CI P B 95% CI P
DQI-A% 7-4 56, 92 <0-01 37 22,52 <0-01 7-4 55,92 <0-01 35 1.9, 51 <0-01
DQc% 142 105,179 <0-01 67 36, 99 <001 136 97,175 <0-01 6- 32,99 <001
DDc% 46 31, 6-1 <0-01 24 11, 36 <0-01 51 35,67 <0-01 21 08, 35 <001
DEc% 34 25,44 <0-01 2.0 1.2, 28 <0-01 34 24,44 <0-01 1-8 09, 2.7 <001
DAx% 1.6 03,28 0-02 1.0 -01,21 01 1.9 06, 32 <0-01 07 -05,18 03
DEx% -214 -30,-183 <001 -12 -19,-05 <001 -18 -27,-10 <001 -13 -20,-05 <001

DQI-A, Diet Quality Index for Adolescents; DQc, diet quality component; DDc, diet diversity component, DEc, diet equilibrium component; DAx, diet adequacy
sub-component; DEXx, diet excess sub-component.

*Low consumption defined as rarely/never; moderate consumption defined as once per month; and frequent consumption defined as once or twice per week
or more.

tAdjusted model controlled for age, food energy and household income.

Table 6 Regression (clustered) analysis between consumption of meals out* and overall diet quality index and its component and sub-
component scores (expressed as percentage) among British adolescents aged 11-18 years (n 2045) from the National Diet and Nutrition
Survey (NDNS) rolling programme, Years 1-6 (2008—2014)

Unadjusted analysis Adjusted analysist
Low consumers Moderate consumers Low consumers Moderate consumers

Frequent meals-out

consumers as reference B 95% CI P B B 95% ClI P B B 95% Cl P B
DQI-A% 28 1.0, 4-6 <0-01 34 1.7, 50 <001 33 1.3,54 <0.01 35 17,53 <0-01
DQc% 53 1.6, 9-1 <0-01 5-0 1-6, 84 <0-01 65 24,107 <001 54 17,90 <0-01
DDc% 12 -04,28 0-1 2:5 11, 39 <0-01 1-8 01,35 0-04 3.0 14,45 <0-01
DEc% 1.9 09,28 <0-01 2:6 17,35 <0-01 1.6 06, 2.7 <001 21 11,830 <0.01
DAXx% 06 -07,19 04 1.9 08, 3-1 <0-01 05 -09,19 05 1.5 02,27 0-02
DEx% -14 -22,-05 <001 -10 -18,-02 <001 -12 -22,-03 <0-01 -09 -17,00 0-04

DQI-A, Diet Quality Index for Adolescents; DQc, diet quality component; DDc, diet diversity component, DEc, diet equilibrium component; DAX, diet adequacy
sub-component; DEX, diet excess sub-component.

*Low consumption defined as rarely/never; moderate consumption defined as once per month; and frequent consumption defined as once or twice per week
or more.

tTAdjusted model controlled for age, food energy and household income.

differences were observed to be bigger among some diet using the NDNS (data from Years 1-4, but excluding Years
quality components (Table 6). 5-6) which reported a score of 31-1% overall and also
differences in some sub-components®”. This may be due
to the slightly different methodology used for the categor-

Discussion isation and classification of main food groups and sub-
groups, including portion sizes, which influence each of the
The present study is the first to assess the relationships diet quality components and sub-components. For exam-
between the consumption of takeaway foods and meals ple, previous research excluded non-milk-based ice cream
out of home and diet quality in adolescents using an  and beverages dry weight items from the analysis®”. In the
overall diet quality index and representative national data present study, both these food items were categorised
from the UK. The DQI-A was used to assess the adherence within the low-nutrient weighting factor group. Alter-
of British adolescents to dietary recommendations and ~ natively, it may reflect a further worsening of diet quality in
healthy eating patterns. The results from the current cross- British adolescents which is already worse than in other
sectional study suggest that frequent consumption of  European countries. According to previous European sur-
takeaways in particular is negatively associated with ~ veys, the mean diet quality of adolescents (DQI-A) from
overall diet quality and its components. A weaker but mainland Europe was considerably higher than for UK
nevertheless significant association was seen with con- adolescents, with scores between 50 and 60 %72
sumption of meals out. The UK population enjoys consuming food that is already
The mean diet quality score was 20-4 % for all adoles- prepared and currenty has the highest rate of ready-meal
cents, lower than the score obtained from a previous study ~ consumption in Europe, double that of France and six times
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more than in Spain®”. This trend is not showing any sign of
abating. There has been a dramatic increase of 43 % in the
number of takeaway and fast-food outlets in the UK since
1990%%3 Typically, out-of-home meals from restaurants,
cafés, takeaways, fast-food restaurants and sandwich shops
are higher in saturated fat, sugar and total energy®?. A
cross-sectional study in England which included 332
secondary-school students aged 13-17 years showed that
about 23% of the recommended energy intake of these
students was obtained from foods purchased from fringe
shops near schools. The nutritional quality of the purchased
food items was found to comprise 38 % saturated fat, 22%
sugar and 15% non-milk extrinsic sugar®. Observational
evidence from neighbouring Scotland carried out in five
secondary schools showed that although the number of
food outlets located within a 10 min walk varies from one
school to another, during lunch break the majority of the
students purchased unhealthy convenience foods from local
shops such as fish and chips, pizzerias, kebab shops, cafes
and supermarkets®”. In the USA, a national representative
survey that recruited children and adolescents aged 4-19
years stated that fast-food consumers had higher intakes of
total fat, saturated fat, total carbohydrate and sugar-
sweetened beverages. Moreover, lower intakes of fluid
milk, fruits and non-starchy vegetables were observed
among fast-food consumers®”. The methodology used in
the present study to calculate DQI-A score means that foods
high in fat and sugar and sweetened beverages are more
likely to be classified within low-nutrient food items (non-
recommended food products) that have a negative impact
not only on overall DQI-A% score but also on its compo-
nent scores. Conversely, food items such as liquid milk and
fruit and vegetables enhance the overall DQI-A and its
component scores.

The effects of frequent takeaway consumption on diet
quality were larger than the effects of frequent meals-out
consumption both before and after adjusting for con-
founders. Different studies have used different definitions
for the terms ‘out of home eating®® and fast food””
which may result in comparisons of effects on diet quality
being difficult. However, despite the difficulties with
defining fast food, studies have consistently found that fast
food is of poor quality compared with other types of food
purchased outside the home®®. Results from a systematic
review confirmed that eating out at a fast-food outlet had a
larger impact on energy intake among both US adoles-
cents''? and Irish children® compared with eating out at
a restaurant. A cross-sectional analysis of data from eleven
different European countries (including the UK) showed
similar findings. Although the participants were adults
aged 35 years or above, findings from that study con-
firmed that location of eating out of home (including work
and restaurants) affected not only energy intake but also
intakes of other macronutrients such as carbohydrates,
protein and fat““”’. Two further cross-sectional studies that
analysed data among adult participants from ten European
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countries (including the UK) showed that eating location
such as restaurants, home or work had an impact on
energy intake and its contribution to the total daily energy
intake*’*? The place where the food was consumed out
of home was clearly reported in these studies. This may
have helped the researchers in exploring the source of this
impact whereas the NDNS has incomplete information
regarding the source of food consumed for either take-
aways or meals out. Most of the UK studies included in the
systematic review'? did not report the sources where the
food was consumed. In the present study eating takeaway-
style food at home, such as fish and chips, is likely to have
come from a takeaway/fast-food outlet (delivery services).
Although both fast-food outlets and restaurants are asso-
ciated with higher energy intake and poor dietary patterns,
portion sizes for foods such as soft drinks and French fries
are larger in fast-food outlets compared with restaurants
and foods prepared at home. Restaurants were found to
have smaller portions of foods including burgers and
desserts“*>* This may explain the differences observed
in the present study for the effect of takeaways and meals
out on overall diet quality and its components. Another
UK study examined the effect of takeaway consumption
and/or eating out on individual food groups and/or
nutrients'*?, whereas assessing individual dietary intake
overall can be achieved through examining the dietary
quality and variety of an individual daily diet”**. Overall
diet quality may be a stronger predictor of health out-
comes than individual food groups and nutrients. In
addition, higher numbers of frequent takeaway consumers
were from families with a low household income. A cross-
sectional study showed that exposure to fast food seems to
increase as the deprivation rate increases and this indicates
that people living in areas with higher social and economic
deprivation are more likely to select cheaper sources of
food®®. The higher price of healthy foods is one of the
greatest barriers affecting low-income households’ food
choices™”. Moreover, for people with lower household
incomes who completed the Low Income Diet and
Nutrition Survey 2005“®) the most frequently reported
barrier to healthy eating was the price of healthy foods.

Strengths and limitations

There were notable strengths to the current analysis. First,
the data analyses presented herein were generated in
duplicate by two independent researchers. Second, the
NDNS is a national UK survey and is considered high
quality, representative and containing up-to-date informa-
tion on eating behaviour in the UK population. However, it
does have some limitations. In Year 1, more weekend days
were included than in other survey years, which is con-
sidered to have an impact on estimates of nutrient and food
intakes. In the NDNS data, it was possible to identify the
participants who did actually consume takeaway foods at
home and outside the home during the 4 d diary records.


https://doi.org/10.1017/S1368980018002690

Takeaways/meals out & adolescents’ diet quality

However, foods such as burgers and kebabs, fried chicken,
fried coated fish and others were labelled as prepared using
home recipes, whereas foods such as pizza were not
labelled as takeaway food or having been prepared at
home, except for chips where participants indicated if they
were purchased from a takeaway. This could have assisted
in examining the effect of consuming takeaway foods on
the DQI-A% score and its components for each of the four
days by comparing days when takeaway food was con-
sumed with days where no takeaway food had been con-
sumed. Instead, the analysis of the DQI-A% score relied on
the information on frequency of consuming takeaway food
by participants, to categorise them as a frequent, moderate
or low takeaway consumers. It is not possible to rely solely
on the information collected with 4 d diaries to assess intake
of takeaways as many people consume takeaway food less
than once every 4d. Two per cent of the participants col-
lected data for only 3d and these participants had lower
mean diet quality and higher reported intake of takeaway
food. Participants who eat out more frequently may be
more likely to find completing a 4d diary difficult and
therefore may be more likely to drop out of the study,
introducing bias.

In addition, eating out of home can be defined differ-
ently, such as only food purchased and consumed outside
the home or also including food consumed out of home
but prepared at home. Additionally, there is no clear dif-
ference between restaurants and fast-food outlets as some
fast-food outlets also have seating areas where customers
can eat in““?. Orfanos et al“*” confirmed the ambiguous
area in the definition of eating out of home while at work,
which may lead to having inconsistent results. Only a brief
general description of the difference was provided to
participants in the NDNS leading to incomplete informa-
tion being provided regarding takeaway meals at home
such as pizza, fish and chips and burgers, which could
have been prepared at home or delivered from a takeaway
outlet. Similarly with consumption of meals out, as the
question focused on general examples such as restaurants
or cafés, the importance of obtaining information regard-
ing the source of food being purchased and consumed
was ignored(48) . In addition, in the NDNS, school meals
are excluded from being defined as a meal out.

The UK and other European countries, including Aus-
tria, Belgium, France, Italy and Germany, are following a
similar approach to food group classification and have
similar dietary recommendations such as the Eatwell
Guide, food pyramids and recommended portion sizes.
However, further recommendations on the maximum and
minimum intakes from each food group are more com-
mon in non-UK dietary guidelines (such as the Flemish
dietary guidelines). The language barrier (lack of avail-
ability of European guidelines in English) was another
obstacle to understanding the way in which other Eur-
opean countries implement their dietary recommenda-
tions and guidelines”™”. Although studies have been
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conducted using diet quality indices in the UK popula-
tion®*>" the types of indices used and the ages of the
targeted groups were different, which made the findings
obtained from the present study and the other UK-based
studies difficult to compare. Also, those challenges made
the calculation of UK adolescents” DQI-A and its compo-
nent scores more difficult.

In addition, physical activity is an essential confounder
to be included in the regression model, especially when
weight (or BMD) is a health outcome of interest. However,
because less than 50 % of the total participants provided a
valid measurement regarding their physical activity level,
the analysis was carried out without the inclusion of the
physical activity variable in the model.

Policy and recommendations

Consumption of takeaway food is common in adolescence
and therefore policies to reduce availability and accessibility
of fast food are needed in this age group. This is particularly
important as a recent report from the Organisation for
Economic Co-operation and Development noted that Brit-
ish adolescents have some of the worst diets in the
world®?. Reducing the density of fast-food outlets near
schools may be one method of achieving this as recom-
mended by Public Health England, although the impact on
health has not been evaluated to date®*>>. The food
environment in schools and retail outlets such as super-
markets has improved in the last 10 years with new school
meal standards and food reformulation to reduce trans-fats,
salt and sugar®®; however, the fast-food environment has
worsened. Of particular concern is the higher density of
fast-food outlets in areas of social and economic depriva-
tion and larger portion sizes of fast food®*>®. However,
with no universally accepted portion sizes of healthy and
unhealthy foods it is difficult to make recommendations.
This would help in designing more widely acceptable
FBDG and more robust diet quality assessment methods””.

Conclusion

In conclusion, UK adolescents have a poor-quality diet,
particularly those who report frequent consumption of
takeaway meals and to a lesser extent frequent con-
sumption of meals out. The negative effects of takeaway
food on the diet quality of UK adolescents may lead to
long-term health impacts on young people in the UK,
although we did not include research to confirm this here.
Further interventions such as actions to improve the fast-
food environment near schools are needed to improve
dietary behaviour in young people.
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