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ABSTRACT

Purpose: © describe the effects of number of eating occasions and snacks on gigtkiyy (DQ), definedas
adherence to dietary recommendations

Methads A sample of 884 adolescentisl{18y) in theUK National Diet and Nutrition Survey (NDNS) were
included. The Diet Quality Index for Adolescents (D®lwas implementedrhe total number of eating
occasions and snacks was frequency of food or beverages consuen2dh and frequency of foods or
beverages consumed outside of the three mealtimes respectively. Resilgemarated with and without low
energy food under 210KJ (50kcal). Regression models were geneitit€nscore as the outcome variable
and number of eating occasions and snacks as predictors.

Results: The mar(95%CIl)DQ score was 31.1%(30.2, 32.0). The mean number of eating occasidrsnacks
was7.5(7.3, 7.7) and2.6(2.6, 2.§ times/day respectively. When low energy events were eadludean
number of eating occasions and snacks reduced to 6.8#)&and 2.0(2.0, 2.1) times/day respectively. DQ
score increased by 0.74 points (Q.425 p<0.0) and 055 points (-0.08, 0.69; p=0.17) for total eating
occasions and snacks respectively. When low energy events were exBi@dscbre increased by3D.points
(-0.84 0.69; p=0.13for each eating occasion and decreased by 1.20 points (-2.1<0.81pfor each snack.
Conclusion Eating more frequently improves dietary quality especialyriesating occasions, are low in
energy. A focus on replacing high-energy snacks with low-energyatitezs rather than reducing the number

of eating occasions may result in improved dietary quality in adolescents.

Keywords: adolescents - dietary quality - snacking - eating occasions - criassadetzta
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INTRODUCTION

Childhood obesity increases the risk of health problems suchrdiovascular disease, hypertension, some
cancers and asthma [1Lh theUK the most recent data show that sin@84 prevalence of overweight in
childhood has been declin@owever the levels of obesity remain relatively high [[22013, prevalence of
excess weight among 3-1%as higher than 20% in the UK [3In consequence, efforts to identify causal
factors for obesity risk, including diet, are necessary [3]. il2@ata published from the National Diet and
Nutrition Survey (NDNS) 3y rolling programme (2008-2011) indicatedrireaty children and adolescents
follow apoordiet [4]. Dietary quality (DQ) is an innovative concept which combinedityy and variety of the
whole diet [5] and can be assessed by a number of different toolaltiatevhow closely food patterns adhere to
dietary recommendations of different populations [6,7]. Evaluation of digtality provides a single value to
represent the complexity of human diets, having taken into accountehactions between nutrients, food

preparation methods and eating patteris [8

Some dietary quality indices are associated with health and dsgesmes [8,9] and provide an alternative to
studying individual nutrients or foods,[80]. Low dietary quality scores have been reported t@bsociated

with higher rates of all-mortality in adult population [5] however, it is necgsearonduct more research on
dietary quality indices in paediatric and adolescent populations and their reldtmalttooutcomes [6]. In

1990, the Healthy Diet Indicator (HDI) has been developed by Huijbregtfldf]ab quantify the diet
adherenceéo World Health Organization (WHO) guidelines for the prevention of chrongades The WHO-DI
tool characterises dietary quality, according to dietary intake and some fngas gnd was designed for adults,
but can also be appligd children [6]. Recently, in 2013, the HELENA study validated a tool to aséetssy
quality in European adolescents [8] called the Diet Quality Index for Adoled&DtsA). It was described in
1997, and it is an adapted version of the previously validated Diet Qualdy (PQI)[11] for pre-school

children according to Flemish foelased dietary guidelines (FBDG).

Many dietary habits may have an impact on dietary qudllyquch as snacking and consumption of sugar-
sweetened beverages which are very papahong adolescent&d]. Definition of theterm “snack™ is
ambiguous and different classification systems exist with no unilyeesskeed definition [5]. Snacks generally
refer to the foods consumed between mealtimvbgch often comprise energy dense foods $sjacking

patterns have changed over the last two decades in UK adolestd8@7 snacking involving non-diet
carbonated drinks was lower than 03, and these snacks provided a higher energy intake due to larger
portion sizes of energy dense fodii8]. During this period of time, intakes of high-energy carbonated &hd so
drinks, tea and coffee consumption have increased and vegetable consinagptiocreasefl 3]. Snacks are
reported to contribute proportionally more sugar but less protein atigfatealtime§14]. Snacking has also
been found to contribute to increased intakes of specific micronutsiecitsas vitamin C, vitamin E, dietary
folate, dietary fibre, iron, calcium, magnesium, and sodium; anethignsumption of specific foods such as
fruit and oils[12, 15].

Specific snacking patterns have been related to overall dietary qualitg adultq17] ,children and
adolescenf48], with each additional snack consumed decreasing the overall dietary ddaligver, the

energy content of a snack is also likely to be importartheé UK populationthe effect of snacksn dietary
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quality is less clear with a paucity of published data avail&#&ng occasions are considered as the main
meals occurring at morning (breakfast), mid-day (lunch) enig (dinner) [16] as well as snacks consumed
between mealdHowever, some studies define an eating event when a minimum k¥ &8@Kcal) have been

consumed in order to exclude eating events where only water or tea haphsemed [16].

The hypothesis of this research is that snacks and eating occastanggrbr with higter-energy options may
reduce overall dietary quality in UK adolescents. Thus, the aim of the pstgén is to describe the dietary
quality of a representative population of UK adolescents, and to examine theeffequency of eating
occasions and snacks on dietary quality as a measure of adherence toatietargendations of UK

adolescents.

METHODS

Study Design and Participants
The NDNS is a cross-sectional survey administered and analysed by a consbttitee organisations: the

National Centre for Social Research (NatCen), MRC Human Nutrition Research, andatimespof
Epidemiology and Public Health at the University College London Medical $cHo® NDNS survey was
conducted according to the guidelines laid down irHékeinki’s Declaration and all procedures involving

human subjects were approved by the Oxfordshire Research EthicsitBmen

The NDNS consists of dietary and nutritional data as well as anthropometric inforasgigssing nutritional
status of a representative population of the UK (England, Wales, Scotland and iNetlaerd) aged 1.5 and
older living in private households. The current available data of the 4y rpHoggamme involves data
collected each year among 2008 to 2012. A list of all addresses of the UKndamhaassigned from each
Primary Sampling Unit. The selected addresses received information about theasuhthen a face-face

visit recruit participants.

The survey design and data-collection methods are described in detail else@héredinclusion criteria in
this analysis were adolescents aged 11-18y recruited among 200RtaTRe exclusion of the analysis was a

lack of inclusion criteria. Finally, the sample used in this studyded 884 participants.

Dietary measures

Dietary data were collected on consecutive days using a 3-d or 4-d sentegeéigtary record19]. Briefly,
each subiject receivexfood diary and was asked to keep a record of everything they attramdover the four
days, inside and outside the home. Participants of 16y and older desarniti@ad §izes and could use
photographs of ten frequently consumed foods using an adultdiary meanwhile younger adolescents used a
food photograph atlas using a child diary. Although the food diaries &eeedif, they collected the same
dietary information. The food-diary was explained to the participant at 1styigiebnterviewerAt second or
third day of recording, interviewers visit or telephone the participantsgmive recording for the remaining
days. In the 2nd visit, the interviewer reviewed the completion of tditary and fill in the gaps with the
participant no later than 3 days after the final day of recording whismeigwers check that at least 3-d were
recorded [20].
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95 Eating occasions and snacks

96 The NDNS database provides information on the exact time of the day that a foodnsamed, and this

97 information is necessary in order to classify each eating occasion as ameesthack. Meal categories were
98  defined as food consumed within three specific time frames accordiwytteern Ireland classification [13].
99  These time frames are 06.00 to 08.59 hours (breakfast), 121806® hours (lunch) and 17.00 to 19.59 hours

100 (evening meal) while eating occasions outside of these time frames weisatkégs snacks.

101 Frequency of eating occasmis defined as the total number of times foods or beverages are consuined ea
102  day, both at mealtimes and at snaldky. Frequency of snacks is defined as the total number of foods or
103 beverages consumed between mealtimes each day. If two foods waenednwith a difference of more than
104 15 minutes it was counted aseparate eating occasion or snadke number of eating occasions and snacks
105  were calculated using two different methods; firstly, for each timatbarticipant consumed one or more

106  foods or beverageand secondly, for each time that a participant consumed one or moseofdoglverages,
107 excluding those containing fewer than 210kJ (50Kcal) [16,28]a from weekend days were excluded in this

108 analysis due to the fact that eating patterns and timing of meals at weeledidfesnt to week days [21].

109 Overall Dietary Quality
110 Dietary quality was measured using D@I-A score, [§ a validated version of the DQI used in the HELENA

111 study in adolescents from Ten European Cities.[IXDI-A is based on the mean of three componentdDte
112 component (DQg)he dietary diversity component (DDc) and the dietary equilibrium compobé&ia),(

113 comprised of two subcomponents: the Diet Adequacy sub-componettteaDiet Excessub-component. In
114 addition the relationship of each component with dietary quality was analysed sepdocatelderstand more

115 about dietary quality

116  TheDQI-A score is calculated as a percentage for each day with the mean peroéatdgast 3-d dietary

117 records calculated for each participant and then reported as an overall perfmrtagahole sampleA

118 higher percentage indicates a better dietary quality score and the possibls feorge33% to 100%, with

119 higher scores reflecting a highdietary quality [§. More detailed information on the technical aspects has been

120 provided elsewhere [12].

121 Dietary Quality component (DQc)
122 DQc is based on optimal food quality choices within a food grouphwefiect dietary recommendations. The

123 daily amount consumed of each food group was multiplied by ditféaetors ““1” if it belonged to a
124 preference food or healthy food group” if it belonged to afintermediate food group and “-1” if it belonged to
125 alow-nutrient energy-dense food group. The Supplementary Table présecitssification by “preference”,

126 “intermediate” and “low-nutrient or energylense” food groups basedn the criteria established by Vyncke [8]

127  These values are summed together, divided by the total amount offapdris) eaten per day and multiplied
128 by 100. The methods were followed according to previous publigsearch [8] apart for a small number of
129 exceptions which took into account regional eating patterns. These exceyiente following: beverages
130 dry weight was not included in the analysis because powdered beveragessmid in the UK, green beans

131  were classified as vegetables rather than legumes, alternative milk products@edrnt¢hat were not milk
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132 based were deleted from the milk products group and excluded fecamatysis. The low fat rice puddings and
133 custards were classified in the intermediate milk group, and whole milguddings and custards were
134 included in the energy-dense group in line withitheutritional profile. Alsofromage-frais was includeasan

135 intermediate milk product. These changes were agreed by membezsedaharch team.

136 Dietary Diversity component (DDc)

137 DDc expresssthe variation in the diet and was calculated by assigning one point forezgittgconsumed for
138 eachof the9 recommended food groups which included: 1) water, 2) breadeardl, 3) potatoes and grains,
139  4) vegetables, 5) fruits, 6) milk products, 7) cheese, 8) meat, fisbudstitutes, and 9) fat and oils[8].

140  All the points were summed together and divided by 9 (food gyamasthen, multiplied by 1009DDc score
141 ranged from 0 to 100%. The servings of each food groupwsezlthe portion sizes recommended by the
142 British Dietetic association [22]) water (250ml), 2) bread and cereal (35 g), 3) potatoes and (&b, 4)
143 vegetables (80g), 5) fruit (80g), 6) milk products (170 g), 7) sh€80 g), 8) meat, fish and substitutes (100g)
144 and, 9) fat and oils (4.59)

145 Dietary Equilibrium component (DEc)
146  Lastly, theDEc expressed how well minimum and maximum recommended inthkasio food group were

147 met based mthe DQI-A information [8] The intake of foods groups were divided into two categ@)fs
148 recommended foods groups and b) 2 non-recommended foopsgwhich were: 10) snacks and candy, and 11)

149  sugared drinks and fruit juice as proposed by Flemish-fwagbd dietary guideling23].

150 It was calculatedy taking the difference of the diet adequacy subcomponent (percefhtaggroum
151 recommended intake in 9 recommended food groaipd the diet excess subcomponent (percentage of intake
152 exceeding the upper level recommendation in 9 recommended food gralfson-recommended food

153 groups), and each of them were multiplied by 100%.

154 Statistical Analysis
155  The statistical analysis was performed using STATA statistical software vers{&tat& Corporation).

156 Statistical significance was assigned to P value < 0.05 for all tests. Descrgitiveate presented using means
157 and 95% Confidence Intervals (Cl) or percentages and 95% CI. Unpairedahabstes were carried out to

158 analyse differences between population characteristics by gender.

159 Multiple regression analyses were carried out with dietary quality score agt¢benewariable and eating

160  occasions and snacking events as predictors in different models. The tiistrdfwietary quality was checked
161 to ensure it was broadly normally distributed. The analysze carried out twice for each model, once with
162 total number of eating occasions and total number of snacks and Iyagithdow energy eating occasions and
163 shacks excluded. A low energy eating event was defined as a meatkvgth fewer than 210Kj (50Kcal)
164  such as water or small pieces of fruit. The results were reported as the chdietgry quality score with each
165 single unit increase in the number of eating occasions or snacking.eReastilts included 95% confidence
166 intervals and p values. All reported models were adjusted for age and sesdr@gmodels were also carried

167 out to determine the effect of increasing eating occasions and snaclergyiatake.
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Regression models were also carried out with total number of eating occasi@maeks, and eating occasions
and snacks as categorical variables. Frequency of eating occasionmswpesidnto five approximately equal
categories based on quintiles according to the two different definitions of titg eecasions: a) Considering
all foods and beveragebto 5 eating occasions/day, >5 to <6 eating occasions/day, >6 to <7.5 eating

occasions/day, >7.5 to <9.5 eating occasions/daand >9.5 eating occasions/day; b) Excluding eating occasions
less than 50kcal: 1 #.5 eating occasions/day, >4.5 to <5.5 eating occasions/day, >5.5 to <6.5 eating

occasions/day, >6.5 to <8 eating occasions/gtand >8 eating occasions/dayrequency of snacking occasions
was grouped into the same four groups for both definitioh$ snacks/day, >1.5 to <2.5 snacks/day, >2.5 to

<3.5 snacks/day, and >3.5 snacks/day. Results were reported as the difference in dietary quality score for each
category compared with the reference category which was the lowest mfrelaéing or snacking occasions

together with 95% confidence intervals and p values. All reported models weséeddpr age and sex.

RESULTS

Sample characteristics
Participants of the NDNS, surveyed fr@®08- 2012, included a totalf 884 adolescents aged between 11-18y,

all with at least, 3 d-dietary records completed. The adolescents had a niéa@l)@me of 14.5y (14.4, 14.7)
and 50.3% were male. The mean total deilgrgy intake was 1786 kcal/day (95% CIl 17512Q8boys had
higher energy intake than girls 1984 kcal/day (9594934, 2034) and 1584 kcal/day (95% CI 1545, 1623)
respectively(P<0.0).

Dietary quality

The dietary quality evaluated by D@lis described in Table 1, with the different components of this score;
DQc, DDc and DEc comprised of the Diet Adequacy sub-component and the Diet Exdessmponent. The

mean score of thBQI-A was 31.1% (95% CI 30.2, 32.0), 31.4% in girls, and 30.8% ys ladth no significant

gender differences.

Eating occasions and Snacks

The mean number of eating occasions, considering all food and besvianag 7.5 times/day, with a minimum
of 1 eating occasion/day and a maximum of 18.5 eating occasionsldaynean number of eating occasions

when low-energy eating events containing fewer than 210Kj (50Meah excluded was 6.2 times/day, with a
minimum of 1 eating occasion/day and a maximum of 18 eatingioos&day. There were no differences

between genders for either result.

The mean number of snacks, considering all food and beverages, wage2/8ay, with a minimum of zero
snacks/day and a maximum of 9.3 snacks/@ag mean number of snacks, when low-energy snacks containing
fewer than 210kJ (50Kcal) were excluded, was 2 times/day awitinimum of zero snacks/day and a

maximum of 9 snacks/day. There were no significant differencesbatgenders for either result.

There was a positive association between daily energy intake and ea@sgpos: a) for each 1 extra eating
occasion/day (considering all food and beverages) the daily energy intakeedtreas kcal (95% CI 9, 33;
p<0.01) and; b) for each 1 extra eating occasion/day (considerirgdlahd beverages excluding meals

containing fewer than 210kJ (&6al)) the daily energy intake increased by 52 kcal (95% CI 39, 66; px0.0
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Therewas also a positive association between daily energy intake and snackseagtdt extra snack/day
(considering all food and beverages), the daily energy intake increaddd kgal (95%CI 114, @9; p<0.01);

b) for each 1 extra snack/day (considering all food and beverages egdudicks containing fewer than 210kJ
(50Kcal), the daily energy intake increased by 216 kcal (95%CI 189, 244; p<0.01

Relationship between eating occasions and dietary quality

The analysis of the effect of number of eating occasions on diataliyyg defining eating occasions by the first
method which considered all food and beverages showed a positive relationsleirbédigtary quality and
eating occasions/day. An increase of one eating occasion/day was associatatimétease in the dietary
quality score of 0.74 points (95% CI 0.420%,.p<0.01). If low energy eating occasions less than 210KJ
(50kcal) were exclueld the positive association was attenuated. In this case, each increaseatirume
occasion increased the dietary quality score by 0.30 points (95% CIB0608p=0.13). The regression analysis
with dietary quality as the outcome variable and eating occasions in 5Sr@ggdao 6,>5 to <6,>6 to <7.5,
>7.5 t0 <9.5, >9.5) indicated that two categories were associated with improved dietary qualitareshwaith

the reference category of 1 to <5 eating occasions/day. Repertigo <95 eating occasions/dayas

positively associated with dietary quality, increasing the score by 4.6 §0b%s Cl 1.7, 7.5p<0.01) and
reporting more than.S eating occasions/day was positively associated with dietary quality, incréasiscpre
by 4.9 points (95% CI 1.8, 8.05p.001) (Fig 1) compared with the reference grotfpwever, none of the
categories were significantly different from the reference category in tdrdistary quality when eating

occasions of less than 210KJ (50kcal) were excluded jFig 1

IntheDQI-A, 3 components were positively associated with frequencytimigeaccasions. For each extra
eating occasion the DQc score increased by 1.0 points (95% CI0.4<0.01),DDc score increased by 0.7
points (95% CI 0.40.9; p<0.01), and DEc increased by 0.5 points (95% CI 0.3, 0.7; px0.@e relationship
between the 3 components@®I-A and number of eating occasions based on the second method excluding

eating events containing fewer than 210kJ(50Kcal), revealed no sighidissociations (data not shaw

Relationship between snacks and dietary quality

The analysis of the effect of snacks on dietary quality, definiagksnby the first method which considered all
food and beverages showed a positive relationship between dietary qualitynavet o6 snacks/day. An
increase of one snack/day increased the dietary quality score by ageai¥#5 points (95% CI -24, 133;
p=0.17), although this was not statistically significaififow energy snacks less than 210KJ (50kcal) were
excluded, the positive association was reversed. In this case, each inc@assmdck decreased the dietary
quality score by 1.2 points (95%CI -2.06,-0.26; p=0.01). Furtbegnspecific associations were observed with
components of the DQI-A: a) the DQc score; which assesses the optida]fality choices within food

groups reflecting dietary recommendations, was negatively associated witerrafrshacks/day considering
shacks containing more than 210KJ (50kcal). For each extra sndeRthscore decreased by -5.0 points (95%
Cl -7.0, -3.1; p<0.01), b) The DDc; which expresses the variatitheidiet by adherence to the

recommended food groups, was positively associated with snacksidgyboth definitions. However, the DEc,
which assesses the achievement in obtaining the minimum and theumarecommended intakes of each food

group, was not associated with number of snacks/day. The iegrasslysis with dietary quality as the
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outcome variable and snacks in 4 categories (£1.5,to <2.5, >2.5 to <3.5, >3.5) indicated that two

categories (considering all food and beverages definition) were associated wahachgretary quality
compared with the reference category of <1.5 snacks/day. Reporting >1.5 to <2.5 snacks/day was positively
associated with dietary quality, increasing the score by 4.1 points (95%,GL1; p<0.01) and reporting more
than 3.5 snacks/day was positively associated with dietary quality, imgéhs score by 3.5 points (95% CI
0.4, 6.6; p=0.03) (Fig 2) compared with the reference group.eMenyconsidering only snacks with more than
50kcal two categories were associated vativorse dietary quality compared with the reference category of
<1.5 snacks/day. Reporting.5 to <3.5 snacks/day was negatively associated with dietary quality, decreasing

the score by 2.8 points (95% CI -5.4, -0.3; p=0.03) and regamre than 3.5 snacks/day was negatively
associated with dietary quality, decreasing the score by 3.6 points (9520 ().3; p=0.03) compared with the

reference group (Fig 2).

The ten foods and beverages most often consumed in different snactasgpos are representedtbg name

of the food (frequency and percent of adolescents who consume thi stegcwater (n=406, 45.9%), white
bread (not high fibre, not multi-seed bread) (n=397, 44.9%pusg\sauces such as gravy (n=392, 44.3%), semi
skimmed milk (n=373, 42.2%), biscuits (n=311, 35.2%), crisplssanwoury snacks (n=310, 35.1%), soft drinks
not low calorie (n=286, 32.4%), other chicken/turkey including hoate recipes dishes (n=268, 30.3%),
chocolate confectionary (n=251, 28.4%) and sugar (n=238, 26.9%).

DISCUSSION

This analysis of cross-sectional data reveals that the dietary quality sthfeaitiolescents i81%on a scale of
-33 to 100%, which reflects an intermediate adherence to dietary recommesadeialysis of data on the
frequency of eating occasions and shacks revealed interesting associdtiatistary quality. Results from the
aralysis of all eating occasions, including low energy meals or snadisated that increasing the number of
eating occasions improved dietary quality; however when low energysenvere excluddthis improvement
was attenuated and no longer statistically significant. For snacks, andlgiismacks had no significant
association with dietary quality; however when low energy snacks were exthedasisociation was negative
with each extra snack reducing the dietary quality score by approximatelntl The number of eating
occasions associated with the highest dietary quality score was more tipan day; but this was only the case

if all eating events were included and was no longer important if lowgpating events were excluded.

Comparing the dietary quality of UK adolescents with European adolescents idicték adolescents have
apoorquality diet A score of 31% is 18% lower than the mean dietary quality sda@entral and Northern
Europ@nadolescents (Germany, Belgium, France, Hungary, Sweden and Austrib)wskieported to be

49% and 30% lower than Southern Eurap@dolescents (Greece, Italy and Spain) which was reported to be
61% on average [24] hese results suggest that considerable differences exist between Européaesd@dn

and dietary improvements are particularly needed in British adolescents [7]

There are many indices to assess dietary quality [7] which provide a singedwvaipresent the complexity of
human diets, having taken into account the interactions betweemisjtf@d preparation methods and eating

patterns [8] There is no universally agreed gold standard and significant variatish$nethe calculation of
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dietary quality, although these differenclesnot result in large inconsistencies in the predictions of health-
related outcomes [6]. Nevertheleiigs necessary to validate an international dietary quality index as a dietary
quality assessment tool that is able to compare between different poputan®ntly unavailableAs well as
including the composition of the adolescents’ diet, the DQI-A also incorporates the dietary variation in food
groups throughout the day, and the balance between healthytealthy food groups which are strengths of
this index [§.

The number of snacks was negatively associated with@ueof theDQI-A tool, and UK adolescents who
snacked frequently were more likely to have a lower dietary quality, veoighests that the quality of food
between meals is worse than at mealtimes. This was also cleah&dype of food adolescents were most
likely to consumessnacks. However, a higher frequency of snackspasitively associated with tHgDc of
the DQI-A tool, indicating that when adolescents increased the number of snackdlesyeatea more varied
diet over the whole dayConsequentlyit seems to beaser for adolescents to achieve the minimum
recommended intake of each food group with a higher snackirgeifarthermoredietary quality and daily
energy intakevere negatively associated, suggesting that adolescents with excessive energydidtaké

necessarily obtain a higher dietary quality score [8]

Snacking is observed at any time of the day in adults, childradadescents in various parts of Europe and the
USA [25]. Data from Northern Ireland and Britain indicate that energkerdiad portion size of snackave
increased between 1997 and 2005, but not the freqUi#BEyrhe number of eating occasions is reported to be
associated with some specific nutrients and with some adiposity meascinddrien and adolescents [2ZF8].

A recent review and meta-analysis concluded that more frequent eatiagjons are associated with lower
body weight status in children and adolescents, although this way imddys [26] while energy provided by
shackswvas not recommended. However, a recent study with NDNS data (collected irsh®@i&d that a

higher number of eating occasiomas associated witla higher Body Mass Index (BMI), BMI z-score and
lower HDL-cholesterol concentrations in British adolescents [20]. When restrictieel &olult population,
research has shown that a higher number of eating occasions is fyoags@ciated with BMI and waist
circumference [27], and beneficially associated with cardiovascular riskdatd subclinical atherosclerosis
[28]. One study that analysed the relationship between number &Esanaat dietary quality in an American
adult population concluded that the number of snacks was associatechwith nutrient dense diet, and a
positive association with dietary quality [[l &s we observed in the present study when all snacks were
included. Another study in American adolescents reported a negative relatibestgen dietary quality and
number of snacks and discussed the autonomy of adolescents imghotdgalthy snack foods [18]. In this
present study, the negative effects of snacks on dietary qualiédyonbrapparent when low energy snacks were
excluced pointing to the importance of the type of snack consumed. Martyn6t all) of the snacks consumed
by this population are energy-dense foods such as savoukssrat confectionerfi3]. However, our findings
suggest that eating more often than three times per day improves diethty; grovided nutrient rich foods are
consumed both at and between meals and when some low energyamactssumed such as fruit, vegetables
or water These findings do not provide strong evidence of a benefit in recodimgethat adolescents increase
their frequency of snacks and eating occasions in a day a$ahjdiigh-sugar snacks could cause a negative

effect on dietary quality and body adiposity [25].
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The present study has some limitations. First of all, the lack of universally acdefitétions of snacks and
eating occasions, mak difficult to precisely calculate these figures, thereby complicating the interpretdtio
the results; both those obtained in our study as well as those oftottiessised for comparis¢b2]. The
definition ofasnack is particularly ambiguoassome people consume snacks at times that might be regarded
as mealtimes. Alternatively, some people have meals outside traditionalaoesibas; in fact adolescents may
be more likely to have a chaotic eating patt@@).[ The fact that the NDNS survey did not report the
classification of eating events as meals or snacks, is a limitationrfetualy. However, many eating events
may be difficult to define, even by participants themselves, and thersisrinformation would not necessarily
have reduced bias. Furthermpaéthough theDQI-A is a validated tool applicable in large populations of
different ethnicities it did present some issues. The lack of informatiparticular foods such as soya
products, battered fish, and other foods commonly consumed in tleWH represent a limitation. THEQI-A
score is composed of three separate componemDDc is calculated by taking the serving definition into
consideration and the recommended serving for various foods vatwesdn European countries which could
reduce its validity in certain populatiarizurthermore, limitations exist with the NDNS which is cross-sectional
data. Under-reporting is a problem with all dietary assessment tools gtalyigdi be considerable in this
sample [30]Also, the NDNS data does not include information on physical activity knowa &m important
confounder for energy. Stronger evidence for the presence or absemcassiociation between snacks and
dietary quality or BMI could be obtained from longitudinahort rather than cross-sectional data in order to

compare with current studies in similar populationd.[31

Despite these limitations, there are very few published studies in adolescents repentaigtionships between
frequency okaing and snacking on dietary qualifjhe data used in this analysis included dietary data from a
large and nationally representative sample of British adolescents. These fiheirgfsre provide much needed
information on dietary patterns in adolescents which could be used to shagenetientions for the
adolescent population in théK. These results suggest that replacing high energy snacks with fruit or ether lo

energy alternatives may result in a better dietary quality for adolescents.

CONCLUSION

In summary, British adolescents have some of the worst quality dietsapdz Analysis of national data
revealed that increases in eating occasions improved dietary quality wheedlieg occasions included low
energy eating events. However an increase in snacking when soatiimed more than 210KJ (50Kcal)
reduced dietary quality. More prospective studies are needed to confirmdbti@ss between number of
eating occasions and snacks on dietary quality in this age grougrthidess it is likely that replacing higher
energy snacks with lower-energy alternatives will result in a higher qualitindseitish adolescents. In order
to improve dietary quality, adolescents need encouragement to choosaspuaot consume healthier snacks
and beverages. This will require changes in the environment through locatéral policies in order to

improve availability, access and pricing of healthier foods.
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FIGURE LEGENDS

Fig 1 Relationship between Diet Quality Index for Adolescents (DQI-A)eatthg occasions by categories
using two definitions: a) including all foods and beverages, adelb)ing eating occasions with <50kcal)

compared with the reference group * P<0.05

Fig 2 Relationship between Diet Quality Index for Adolescents (DQI-A)saratks by categories using two
definitions: a) including all foods and beverages, and b) deleting snacks50itbal compared with the

reference group * P<0.05
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TABLES

Table 1 Description of Diet Quality Index for Adolescents (DQI-A) scores in UK adolescents

Total Males Females Between
genders
n=884 n= 445
n=439
*p-value
Mean 95% CI Mean 95% ClI Mean 95% ClI
145 | 144,147 | 144 | 142, 146| 146 | 14.4,148| 017
Age
1785 | 1751, 1820 | 1984.1 | 1934, 2034 1584 | 1545, 1623| <0.01
Energy (Kcal/d)
Fat% energy 33.8 | 16.0,480 336 | 18.0,47.9| 34 | 16.0,480| 024
Protein% energy 14.9 6.3, 32.3 15.2 6.3,32.3 | 14.7 6.4, 315 0.02
CH% energy 506 | 502,510 | 505 | 500,51.0] 50.7 | 50.1,51.2| 0.70
— :
White% Ethnic 87.9 88.09 877
Group
DQI-A overall 31.1 302320 | 308 | 294 322 | 314 | 30.2.326| 051
Diet Quality 21 01,41 13 | -42,16| 56 | 2884 0.01
component (DQc)
Diet Diversity 549 | 541,556 | 57.2 | 56.1,58.3| 52.5 | 51.5,535| <0.01
component (DDc)
Diet Equilibri
let Equilibrium 36.3 | 356,369 | 365 | 355,37.4| 361 | 352,36.9| 051
component(DEC)
Diet Adequacysubi o) o | 553517 | 531 | 521,541 48.8 | 47.9,497| <0.01
component (DA)
Diet Excess sub) ), 143,151 | 16.6 | 16.0,17.2| 12.8 | 12.2,133| <0.01
component (Dex

%95% Cl: 95% Confidence Interval
®DQI-A: Diet quality Index for Adolescence
* Ttest analysis between gender
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