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Abstract

As stress is hypothesised to influence dietary behaviour, the relationship between perceived stress and diet quality in European adolescents

was investigated. Within the Healthy Lifestyle in Europe by Nutrition in Adolescence study, adolescents (n 704, aged 12–17 years) from

schools in five European cities (Ghent, Stockholm, Zaragoza, Athens and Vienna) completed a 2 d 24 h dietary recall assessment and an

Adolescent Stress Questionnaire. Measurements and information were taken on height, weight, pubertal stage, parental education level,

the level of moderate-to-vigorous physical activity (MVPA) and sleep duration. The Diet Quality Index for Adolescents (DQI-A) was cal-

culated from the dietary data, which comprised three components reflecting dietary diversity, quality and equilibrium. Hierarchical linear

models were performed to investigate the relationship between the adolescents’ level of perceived stress and the DQI-A and its com-

ponents, adjusting for relevant covariates (age, BMI z-score, pubertal stage and parental education). These models were additionally

adjusted for MVPA or sleep duration. In both boys and girls, perceived stress was a significant independent negative predictor for their

overall DQI-A. This inverse relationship was observed for all dietary components, except for dietary diversity in boys, and it was unaltered

when additionally adjusted for MVPA or sleep duration. The observed inverse relationship between stress and diet quality within these

European adolescents supports the hypothesis that stress influences dietary behaviour, thus emphasising the need for preventive stress-

coping strategies for adolescents.
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The importance of balanced dietary habits for human health

is widely accepted and thus acknowledged in many health

promotion campaigns worldwide(1,2). The foundations of

health-related behaviour, such as balanced dietary habits, are

established during early stages of childhood and adolescence,

and they continue during adulthood(3). Major concerns about

the current adolescent diet include an inadequate intake

of fruit, vegetables and dairy products(4). The current trends
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in their dietary patterns, such as increased snacking, eating

meals outside the home, and the consumption of fast food

and sweetened energy beverages, decrease their dietary qual-

ity and favour the development of obesity(5). The adolescent’s

diet is influenced by several personal and sociodemographic

characteristics (e.g. food preferences, sex, education, socio-

economic status (SES), origin), as well as social and environ-

mental factors, such as food in the home environment and

parental dietary behaviour, as well as the availability of fast-

food shops and restaurants(6–9).

Chronic stress has recently been documented as being

involved in the aetiology of obesity, partly by influencing diet-

ary behaviour(10). Chronic stress has been hypothesised to

stimulate the consumption of ‘comfort foods’, which are

energy-dense due to their high sugar and fat contents(11).

Epidemiological and experimental studies have shown that

stress can both raise and reduce appetite(12–14), and change

food selection into more unhealthy ones (more crisps,

candy, biscuits or fast food, and less fruit and vegetables) in

women(15–18), but not in men(17,19). People with a restrained

attitude towards eating also seem to be most sensitive to

stress-induced eating(20), which has already been verified in

pre-adolescents(21) and adults(18). Other important factors to

consider with respect to the relationship between stress and

dietary behaviour are the levels of physical activity and

sleep, as these are both potentially related to stress and dietary

behaviour(22–25). Epidemiological research investigating the

influence of stress on the diet of adolescents is rather scarce

and mostly involves small populations(26), specific adolescent

populations (e.g. black adolescents from Cleveland(26) or

mostly Latino ethnicity(27)) and/or certain aspects of the diet

(e.g. fatty foods, fruit or vegetable intake, snacking, breakfast

consumption(28), emotional eating(27)). In recent years, the

importance of considering the overall diet quality (and not

only parts of it) in nutrition research has been emphasised(29).

In response to this, several indices of overall diet health have

been developed to evaluate simultaneously several aspects of

the individual’s diet(30,31).

The present study was undertaken to meet the shortcom-

ings in this research area by investigating the relationship

between the level of perceived stress and the overall diet qual-

ity in a large multinational sample of European adolescents.

Additionally, we examined whether this relationship was inde-

pendent of the level of physical activity and sleep duration.

Methods

Study design and population

The study was part of a European project called HELENA

(Healthy Lifestyle in Europe by Nutrition in Adolescence).

The aim of the cross-sectional part of HELENA (HELENA-

CSS) was to obtain reliable and comparable data from a

selected cohort of European adolescents on a broad variety

of parameters related to nutrition, health, physical activity

and fitness(32). A random cluster sampling of .3000

adolescents, stratified by geographical location, age and SES,

was carried out, whereby all pupils from a selection of classes

from all schools in ten European cities were invited to partici-

pate. All participants and their parents gave written informed

consent to participate. A total of 3865 adolescents participated

in the HELENA-CSS, of which 3528 adolescents were eligible

for inclusion (they provided written informed consent, were

not participating in another survey, were aged between 12·5

and 17·5 years, and data on sex, height and weight were avail-

able). A detailed description of the sampling and recruitment

procedure of the HELENA-CSS and the eligibility criteria has

previously been outlined(33).

The non-intervening, epidemiological character of HELENA

made it possible to assess naturally occurring perceived stress

on a large sample of adolescents across Europe. The ten cities

involved in the HELENA-CSS were invited for participation in

the stress substudy, of which six (Ghent, Belgium; Stockholm,

Sweden; Vienna, Austria; Pecs, Hungary; Athens, Greece;

Zaragoza, Spain) actually participated. Of the 2177 eligible

adolescents from these six cities, a sample size of 1240 adoles-

cents, selected on class level, did in fact participate in the

stress substudy. The reason for this sample reduction was

that the stress module was optional and omitted when field-

workers were constrained by time limits or logistics.

Procedures

The HELENA study was conducted according to the guidelines

laid down in the Declaration of Helsinki, and the project

protocol was approved by the Ethics Committees of all the

participating cities(34). The fieldwork was carried out from

October 2006 to December 2007 and consisted of a clinical

examination, physical activity and fitness assessment, blood

sampling (of only one-third of the participants), assessment

of dietary intake and sociodemographic background, and

different aspects of nutrition and physical activity via question-

naires(32). The fieldwork was fully standardised across the

cities and was conducted in the school during school hours.

During the clinical examination, the adolescents’ height,

weight and pubertal stage were assessed. Specific question-

naires (details of these questionnaires are provided below),

asking for the adolescents’ level of perceived stress, their

social background, sleep duration and level of physical

activity, were completed in a classroom setting in total silence

and fully supervised to avoid between-subject interaction.

Data on the dietary intakes of the adolescents were obtained

from a self-administered computerised 2 d 24 h dietary recall

method, called HELENA-DIAT(35,36), which took place in a

computer classroom of the schools.

Measurements

Personal and sociodemographic data. The adolescents’

pubertal stage, height and weight were assessed following

standard procedures(37). Measurements of height and weight

were parts of the basic criteria to be included in the

HELENA-CSS (see above). Height was measured with a stadio-

meter (type SECA 225) to the nearest 0·1 cm and weight was

measured to the nearest 0·1 kg using electronic scales (type

SECA 861). BMI was calculated as weight (kg) divided by
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the squared height (m2). The corresponding z-score relative to

the British 1990 Growth Chart References was determined to

obtain comparable values across both sexes and all ages(38).

Parental education. The SES questionnaire assessed the

level of education attained by each parent. Adolescents

selected one of the following levels: (1) elementary education,

(2) lower secondary education, (3) higher secondary edu-

cation, or (4) tertiary education (specialisation/college/univer-

sity degree)(39). Parental education might be considered an

appropriate indicator of socio-economic status(40). For statisti-

cal analyses, only the highest level of both parental education

levels was considered and adolescents were divided into two

parental educational categories, namely lower parental edu-

cation (up to higher secondary education) and higher parental

education (above higher secondary education).

Perceived stress. The Adolescent Stress Questionnaire

(ASQ) consists of fifty-six items, divided into ten component

scales, covering the broad dimensions of adolescent stress

exposure (stress of home life, school performance, school

attendance, romantic relationships, peer pressure, teacher

interaction, future uncertainty, school/leisure conflict, finan-

cial pressure and emerging adult responsibility)(41,42). The

English version of the ASQ was translated in duplicate to the

native languages of the participating cities (Dutch, Swedish,

Spanish, German, Greek and Hungarian). These two versions

were compared to identify translation errors. The translated

questionnaire was translated back to English and compared

with the original version to check for remaining transliteration

errors. Respondents were asked to answer each item on a six-

point Likert scale (1 ¼ ‘Not at all stressful’, 2 ¼ ‘A little stress-

ful’, 3 ¼ ‘Moderately stressful’, 4 ¼ ‘Quite stressful’, 5 ¼ ’Very

stressful’, 6 ¼ ‘Is irrelevant to me’). A procedure for excluding

under-reporters was applied: questionnaires with more than

four missing scales (due to a missing value) or with more

than one missing value for one of the scales were excluded

from further analysis. Questionnaires with 50 % or more of

the answers being ‘Is irrelevant to me’ were also excluded.

Answers 1 to 5 got the respective score (1–5) and answer

6 was scored as zero. A stress score, reflecting the overall

level of perceived adolescent stress, was obtained by

adding up the individual scores of all fifty-six items. The

reliability of the ASQ stress score for use in our European

adolescent population was checked and found to be suffi-

cient (Cronbach’s a ¼ 0·95; test–retest intraclass correlation

coefficient ¼ 0·89, P,0·001)(42).

Healthy Lifestyle in Europe by Nutrition in Adolescence-

Dietary Assessment Tool. The HELENA-DIAT was developed

on the basis of similar software that had previously been

designed for Flemish adolescents (Young Adolescents’ Nutri-

tion Assessment on Computer)(35,36). It is based on six meal

occasions (breakfast, morning snack, lunch, afternoon snack,

dinner and evening snack) on the previous day(36). The

HELENA-DIAT showed good agreement with an interviewer-

administered HELENA-DIAT interview and proved to be a

good and user-friendly method for collecting detailed dietary

information from adolescents(35,36). After a short introduction

given by a trained researcher and/or dietitian on how to

carry out the HELENA-DIAT, the adolescents completed the

HELENA-DIAT; they were allowed to ask questions or request

assistance. After completion, the trained researcher/dietitian

checked the input for completeness and correctness. The ado-

lescents completed the HELENA-DIAT twice on two different

non-consecutive weekdays within a time span of 2 weeks.

The dietary assessment was only considered valid for statistical

analysis when data for 2 d were provided. The intake of foods

was aggregated to the intake of eleven food groups based

on the Flemish food-based dietary guidelines(43), namely (1)

water, (2) bread and cereal, (3) grains and potatoes, (4)

fruit, (5) vegetables, (6) milk (drinks), milk desserts and

yogurt, (7) cheese, (8) meat/fish/eggs/vegetarian substitutes,

(9) spread and cooking fat, (10) low-nutrient, energy-dense

foods (e.g. chocolate, sugar products, biscuits, pies, savoury

snacks, creams, confectionery) and (11) low-nutrient,

energy-dense drinks (e.g. carbonated soft drinks, juices, alco-

holic drinks). The individual food group intakes for the 2 d

were averaged for further analysis. An overall index of diet

quality, the Diet Quality Index for Adolescents (DQI-A), was

calculated. The design of the DQI-A is based on a previous

DQI that had been developed for preschool children(31).

Preliminary analyses showed that the DQI-A was associated

with a better macro- and micronutrient intake and a better

blood profile of vitamin D and active vitamin B12, indicative

of a good validity in adolescents (E Cruz Fernandez and

K Vyncke, unpublished results). The DQI-A represents the

arithmetic mean of three individual components, namely diet-

ary (1) diversity, (2) quality and (3) equilibrium. These reflect

three different dietary habit aspects, whereas the DQI-A is an

indicator of overall diet quality. Each of the components has

its strengths and limitations, but they contain complementary

information and are therefore combined in the DQI-A.

‘Dietary diversity’ indicates to what extent foods of the

aforementioned food groups are consumed (two groups of

low-nutrient, energy-dense foods and drinks not being con-

sidered), without taking into account the amounts of foods.

It is a rough measure of diet quality, which is particularly

sensitive to non-consumption of one of the essential food

groups. ‘Dietary quality’ expresses whether the child makes

the optimal food quality choices. To calculate this dietary

quality score, the consumed foods have been categorised

into three groups, i.e. food items that are favoured in the

‘preference group’ (e.g. fresh fruit and cereal/brown bread);

food items that may be consumed in the ‘moderation group’

(e.g. white bread); and food items that should be avoided in

the ‘low-nutrient, energy-dense group’ (e.g. soft drinks and

sweet snacks). All food amounts were multiplied with a

factor that was assigned to each quality category: 1 for items

of the ‘preference group’; 0 for items to be consumed with

‘moderation’; and 21 for items of the ‘low-nutrient, energy-

dense group’. These values were summed and divided by

the total amount of food consumed. ‘Dietary equilibrium’

indicates to what extent the consumed portion sizes of the

different food groups correspond to the daily quantities

recommended in the food-based dietary guidelines(43),

taking into account both under- and over-consumption. The

two components, dietary diversity and dietary equilibrium,

can range between 0 % (very poor diversity or equilibrium)
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and 100 % (perfect diversity or equilibrium), while the dietary

quality component can range between 2100 % (very poor

quality) and 100 % (perfect quality). No weighting factors

were used when summing the scores of the individual com-

ponents, making the DQI-A score a value ranging between

233·3 and 100 %.

Physical activity and sleep. The level of physical activity

of the last 7 d was assessed with the International Physical

Activity Questionnaire for Adolescents(44). The content of the

International Physical Activity Questionnaire for Adolescents,

the procedure for calculating the total amount of minutes

per week (min/week) spent in moderate-to-vigorous physical

activity (MVPA), and its validity have been published(44). The

adolescents’ self-reported sleep duration during weekdays

and weekend days was inquired with a sedentary question-

naire. These two values were averaged (h/night), taking into

account the number of weekdays and weekend days.

Data analysis

Only adolescents with a valid ASQ and valid dietary intake

data were included in the present study (n 704). The charac-

teristics of the sample for statistical analyses were compared

with the total eligible HELENA sample of the six cities, using

independent-samples t tests for continuous variables and

Pearson’s x 2 tests for categorical variables. The characteristics

of the boys and girls were described as means and standard

deviations or proportions (absolute numbers and percen-

tages), and sex differences in these characteristics were inves-

tigated. As independent-samples t tests revealed significantly

higher scores on the DQI-A, including each individual

component, in the adolescent girls compared with the boys

(Table 1), further analyses were stratified for sex. The relation-

ship between the level of perceived stress and diet quality was

investigated using hierarchical linear models (HLM), with the

cities and schools as subject grouping variables since cases

were nested within these cities and schools. These models

were controlled for relevant covariates (age, BMI z-score, pub-

ertal stage and parental education). In the next step, the HLM

were additionally adjusted for MVPA and the average sleep

duration to examine whether these potential covariates con-

founded the relationship between stress and diet quality.

The Statistical Package for the Social Sciences (SPSS) version

15 (SPSS, Inc., Chicago, IL, USA) was used for statistical ana-

lyses. A threshold of P,0·05 was considered significant.

Results

A total of 1073 out of 2177 eligible adolescents from the six

participating cities completed a valid ASQ, from which the

level of stress could be calculated. Of these, 704 adolescents

provided valid dietary data for 2 d and were included for anal-

ysis. The main reason for this large dropout was first due to

there being no dietary intake data available for the adolescents

from Pécs (due to logistical problems; n 206). Second, due to

the labour-intensiveness of the 2 d 24 h recall dietary assess-

ment, several adolescents did not meet the criteria for validity

(provided records on 2 d; n 163). Comparison of the sample

used for statistical analyses (n 704) with the total eligible

sample of the six participating cities (n 2177) gave significant

differences in BMI z-score (0·21 v. 0·41; P,0·001), sex distri-

bution (larger proportion of girls in the studied sample;

P , 0·001), level of parental education (larger proportion of

higher parental education in the studied sample; P,0·001)

and DQI-A (55·7 v. 53·6; P¼0·004), whereas their age (14·8

v. 14·8 years; P¼0·259) and distribution across pubertal

stages (P¼0·130) were comparable. The stress score of the

studied sample did not differ significantly from the total

sample that provided a valid ASQ (n 1073).

The population characteristics for the boys (n 270) and girls

(n 434) are presented in Table 1. As previously recorded, the

DQI-A and its components (dietary diversity, quality and equi-

librium) were significantly lower in boys compared with girls.

The girls were also slightly older, had higher stress scores, a

lower level of MVPA and a shorter sleep duration compared

with boys, while their BMI z-scores were comparable.

Additionally, significant sex differences were found for the dis-

tribution across city of origin and pubertal stage, but not for

parental education.

Before establishing the full HLM, intercept-only models

were performed to investigate the proportional variance

explained by the cities and schools as grouping variables.

The proportional variance of the DQI-A and its components

declared by ‘city’ as the grouping variable varied from 2·1 to

10·9 %, except for dietary equilibrium in girls, where the

proportional variance was 0 %. For ‘school’, the proportional

variance varied from 3·4 to 21·0 %. In general, these variances

confirmed the clustering of cases within these grouping

variables and justified the use of the HLM. Results of the

HLM with the DQI-A or one of its components as dependent

and the stress score as independent – adjusted for age, BMI

z-score, pubertal stage and parental education – are pre-

sented separately in Table 2 for boys and girls (model 1).

In both boys and girls, their stress score was a significant nega-

tive predictor of their overall diet quality. In girls, this

inverse association was reflected in their dietary diversity

and quality, whereas it was of borderline significance for

dietary equilibrium. In boys, the inverse relationship was

reflected in their dietary quality and equilibrium. The boys’

BMI z-score and age were independent positive and negative

predictors, respectively, of their diet quality. In girls, their

diet quality was only positively related to the level of parental

education.

Next, the HLM were additionally adjusted for the level of

MVPA (Table 2, model 2) and the average sleep duration

(Table 2, model 3). As the interactions between the stress

score and these covariates were not significant (data not

shown), interaction terms were left out. In both boys and

girls, the level of MVPA did not significantly contribute to

the variance in DQI-A or its components, whereas sleep

duration was positively related to overall diet quality and

one or more components. When repeating the HLM for dietary

equilibrium in girls without the non-significant covariates

(age, BMI z-score, pubertal stage, MVPA and sleep duration),

perceived stress became a significant independent negative

predictor (B ¼ 20·02; P¼0·040).
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Discussion

The present study examined for the first time the relationship

between perceived stress and diet quality in a large-scale mul-

tinational sample of adolescents. The results demonstrated an

inverse relationship between the level of perceived stress and

the overall diet quality in the European adolescent population,

and this inverse relationship was independent of their level of

physical activity and their sleep duration. In girls, this inverse

relationship was present for all three components of diet qual-

ity (for dietary equilibrium only after omitting non-significant

covariates), suggesting that perceived stress might simul-

taneously impair their diversity in food groups, the quality of

the chosen foods and the extent of meeting the food-based

dietary guidelines. In boys, however, this inverse association

was only reflected in the extent to which they met the food-

based dietary guidelines and in the quality of the chosen

foods. While the level of physical activity was not an indepen-

dent predictor of their diet quality, their sleep duration was an

independent negative predictor, supporting the hypothesis

that sleep duration influences partially the risk of obesity by

its influence on dietary behaviour(25).

Previous research on stress and diet quality in adolescents is

scarce. In one study, stress had no direct effect on eating beha-

viour, but this was largely attributed to the methodological

limitations of the stress assessment(45). In twenty-five black

adolescents from Cleveland, a significant negative correlation

Table 1. Description of the characteristics of the participating adolescent boys and girls

(Number of participants, percentages, mean values and standard deviations)

Total sample
(n 704)

Boys
(n 270)

Girls
(n 434)

Characteristics n % n % n % P *

Age (years) 0·006
Mean 14·81 14·65 14·91
SD 1·2 1·2 1·2

BMI z-score 0·722
Mean 0·21 0·23 0·20
SD 1·0 1·1 1·0

City of origin 0·005
Stockholm 221 31·4 75 27·8 146 33·6
Ghent 272 38·6 114 42·2 158 36·4
Vienna 39 5·5 7 2·6 32 7·4
Zaragoza 141 20·0 65 24·1 76 17·5
Athens 31 4·4 9 3·3 22 5·1

Pubertal stage 0·016
Stage I 3 0·4 3 1·1 0 0·0
Stage II 40 5·7 22 8·1 18 4·1
Stage III 125 17·8 40 14·8 85 19·6
Stage IV 250 35·5 91 33·7 159 36·6
Stage V 257 36·5 102 37·8 155 35·7
Missing 29 4·1 12 4·4 17 3·9

Parental education 0·072
Lower 248 35·2 85 31·5 163 37·6
Higher 429 60·9 177 65·6 252 58·1
Missing 27 3·8 8 3·0 19 4·4

Stress score 0·003
Mean 123·43 117·45 127·15
SD 42·4 39·3 43·9

DQI-A ,0·001
Mean 55·70 53·04 57·28
SD 15·1 15·1 14·9

Dietary diversity 0·005
Mean 76·32 74·65 77·36
SD 12·5 13·2 12·0

Dietary quality 0·008
Mean 47·85 43·77 50·39
SD 32·2 33·2 31·3

Dietary equilibrium ,0·001
Mean 42·79 40·71 44·09
SD 10·1 9·8 10·1

Level of MVPA (min/week) ,0·001
Mean 696·92 851·10 599·90
SD 523·3 600·5 442·3

Sleep duration (h/night) 0·006
Mean 8·11 8·26 8·02
SD 1·1 1·1 1·1

DQI-A, Diet Quality Index for Adolescents; MVPA, moderate-to-vigorous physical activity.
*P value from independent-samples t test for continuous variables or Pearson’s x 2 test for categorical variables.
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was observed between change in perceived stress and change

in diet quality over 1 month in girls, but not in boys(26).

Greater stress was also associated with an unhealthier diet in

a large-scale sample of young adolescent boys and girls

from the UK(28). Mikolajczyk et al.(17) reported a sex difference

in the association between perceived stress and dietary beha-

viour in young adults (mean age 20·6 years): in females, per-

ceived stress was associated with unhealthy dietary behaviour,

whereas this was not the case in their male counterparts.

These findings and the slight sex difference in the present

study suggest that sex difference in the relationship between

stress and diet quality might evolve during the period of ado-

lescence. Apart from this, the girls’ diet quality, as well as their

level of perceived stress, was significantly higher than in boys,

but the influence of these higher values on the relationship

between the two is difficult to evaluate.

The results of the present study are in agreement with the

observed effects in adults, especially females, where stress

increased food consumption and shifted their food choices

into more unhealthy alternatives(18). They are also in line

with recently observed inverse associations between

depressed mood and diet quality in adolescents(46), and

between mental health problems and healthy dietary patterns

in early adolescents(47), since life stress is a well-known pre-

dictor of depressed mood and psychological problems(48,49).

In addition, perceived stress has previously been demon-

strated to be associated with emotional eating in adoles-

cents(27), which in turn increases the consumption of

energy-dense foods(50). In short, stress might increase the

Table 2. Hierarchical linear models (HLM) investigating the relationship between perceived stress and diet quality in
European adolescent boys and girls

HLM-dependent

DQI-A Diversity Quality Equilibrium

HLM-independent B P B P B P B P

Boys
Model 1

Stress score 20·06 0·007 20·04 0·081 20·11 0·030 20·04 0·007
Age (years) 22·08 0·017 20·75 0·340 24·06 0·033 21·44 0·012
BMI z-score 3·17 ,0·001 0·38 0·640 7·10 ,0·001 2·09 ,0·001
Pubertal stage 1·49 0·182 1·47 0·144 2·11 0·384 1·06 0·142
Parental education* 23·28 0·107 22·08 0·260 25·91 0·182 21·71 0·199

Model 2
Stress score 20·07 0·003 20·04 0·112 20·13 0·010 20·05 0·005
Age (years) 21·96 0·027 20·57 0·479 24·02 0·034 21·34 0·023
BMI z-score 3·04 0·001 0·40 0·637 6·68 0·001 2·10 0·001
Pubertal stage 1·57 0·166 1·52 0·143 2·37 0·330 1·22 0·100
Parental education* 22·97 0·158 21·70 0·378 25·11 0·255 21·64 0·234
MVPA (min/week) 0·00 0·581 0·00 0·070 0·00 0·739 0·00 0·279

Model 3
Stress score 20·06 0·006 20·04 0·069 20·11 0·025 20·04 0·009
Age (years) 21·82 0·042 20·58 0·469 23·66 0·062 21·23 0·036
BMI z-score 3·23 ,0·001 0·48 0·553 7·07 ,0·001 2·22 ,0·001
Pubertal stage 1·43 0·199 1·53 0·131 1·79 0·462 1·18 0·104
Parental education* 23·80 0·066 22·67 0·156 26·13 0·174 22·31 0·088
Sleep (h/night) 1·75 0·041 1·47 0·062 2·38 0·202 1·42 0·013

Girls
Model 1

Stress score 20·04 0·005 20·03 0·029 20·08 0·011 20·02 0·051
Age (years) 0·14 0·854 0·47 0·462 20·91 0·571 0·51 0·345
BMI z-score 20·51 0·469 20·56 0·364 20·73 0·627 20·19 0·712
Pubertal stage 1·57 0·191 21·14 0·275 5·54 0·031 0·52 0·522
Parental education* 23·09 0·035 23·37 0·008 24·58 0·139 21·92 0·072

Model 2
Stress score 20·05 0·004 20·03 0·041 20·09 0·008 20·02 0·049
Age (years) 0·20 0·804 0·50 0·451 20·85 0·612 0·53 0·343
BMI z-score 20·64 0·372 20·74 0·244 20·94 0·538 20·22 0·677
Pubertal stage 1·01 0·425 21·05 0·332 4·06 0·132 0·30 0·725
Parental education* 22·84 0·057 23·48 0·007 23·72 0·237 21·89 0·081
MVPA (min/week) 0·00 0·340 0·00 0·702 0·01 0·179 0·00 0·775

Model 3
Stress score 20·04 0·007 20·03 0·046 20·08 0·015 20·02 0·059
Age (years) 0·36 0·641 0·64 0·328 20·52 0·753 0·67 0·231
BMI z-score 20·52 0·468 20·54 0·384 20·73 0·634 20·21 0·686
Pubertal stage 1·70 0·166 20·76 0·466 5·53 0·035 0·54 0·514
Parental education* 23·14 0·037 23·20 0·014 24·89 0·126 21·92 0·077
Sleep (h/night) 1·28 0·039 1·19 0·029 2·07 0·119 0·65 0·154

DQI-A, Diet Quality Index for Adolescents; B, regression coefficient; MVPA, moderate-to-vigorous physical activity.
* ‘Higher parental education’ group is the reference category.
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feeling of depression, mental health problems and emotional

eating, each affecting dietary quality. As adolescent girls are,

in general, more sensitive to stress and its consequences

(depression, psychological problems and emotional

eating)(51,52), this could explain why the observed relationship

in the present study was slightly more consistent in girls com-

pared with boys. This body of evidence supports the hypoth-

esis that stress in adolescents stimulates the consumption of

‘comfort foods’(11); it emphasises the potential improper

coping skills in adolescents under stress by taking up

unhealthy dietary behaviours and highlights the importance

of prevention campaigns to train adolescents in healthy strat-

egies for coping with stress.

Strengths and limitations

Standardisation of the methodology and procedures across the

participating cities, together with the large study sample, are

important strengths of the present study. Unfortunately, our

sample was not fully representative of Europe, as it was

restricted to five geographical areas. Therefore, generalisation

of the findings is limited to European adolescent populations

from the participating cities, and thus research in other adoles-

cents from the rest of the world is necessary.

The study faced a substantial sample reduction of the eli-

gible HELENA population of the six cities as the stress sub-

study was optional and many adolescents did not provide

valid dietary data. Subsequently, a selection bias might have

been introduced because the proportion of females and ado-

lescents with ‘highly educated parents’, as well as the BMI

z-score and the overall diet quality, was higher in the

sample used for statistical analyses than in the total eligible

HELENA sample. The influence of this selection bias on the

main findings is hard to evaluate, but it is presumed to be

minimal as the analyses were stratified for sex, and the BMI

z-score and parental education level were only considered

as covariates.

The CSS design of HELENA does not look at any causal

relationships. Previously, both the stress response and affective

responses (emotions) were thought to be influenced by differ-

ent food ingredients, while in turn stress and emotions can

affect eating responses(53,54). Future research is recommended

on investigating prospective and reciprocal relationships

between perceived stress and dietary quality in adolescents.

Data on diet quality, perceived stress and parental edu-

cation were obtained by self-reports, which has well-known

disadvantages (e.g. social desirability bias, under- or over-

reporting). However, the instruments have been tested and

validated(35,36,39,42), anonymity was guaranteed and pro-

cedures for excluding under-reporters were employed. Exclu-

sion of cases, together with the fact that the stress assessment

was optional within the HELENA-CSS and thus not always per-

formed, resulted in a considerable reduction in sample size,

which could have affected the power of the statistical analyses

and might have introduced some selection bias.

The HELENA-DIAT was completed on school days (Monday

to Friday). The collected data referred to the food intake of the

previous day, so only Sundays to Thursdays were considered

and no food intake data were collected from Fridays and

Saturdays. This could have affected the food intake data, as

sometimes people may have certain rituals involving food

on these days (e.g. fish on Fridays, pasta on Saturdays).

The present study examined whether the level of physical

activity or the amount of sleep confounded the relationship

between perceived stress and diet quality in adolescents.

Apart from these two aspects, no other potential behavioural

confounders were investigated. Previous evidence showed

that dietary restraint moderated the relationship between

stress and dietary behaviour(21), so future research is rec-

ommended to investigate the potential role of dietary restraint

in this context.

Conclusions

In this multi-centre sample of European adolescents, an

inverse relationship was observed between the adolescents’

level of perceived stress and their overall diet quality, inde-

pendent of their level of physical activity and sleep duration.

In both boys and girls, perceived stress was inversely related

to their dietary quality and the extent of consuming rec-

ommended amounts of foods, while the girls’ level of per-

ceived stress was also associated with a less diverse food

consumption pattern. The observed negative relationship

gives support to the hypothesis that stress might influence

adolescents’ dietary behaviour by decreasing their diet quality,

and emphasises the requirement for effective prevention cam-

paigns to train adolescents in healthy strategies for coping

with stress. Future research is recommended to investigate

the long-term effects of stress on diet quality during adoles-

cence and later adulthood.
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