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Abstract

The objective of the present study was to determine the proportion of adults meeting national recommendations for food and nutrient

intake and to identify the demographic, socio-economic and behavioural factors that may contribute to weaken dietary compliance. ORIS-

CAV-LUX is a cross-sectional study that took place in Luxembourg (2007–8). A representative stratified random sample of 1352 adults aged

18–69 years participated in the nationwide cardiovascular health survey. A FFQ was used to estimate food intake. Radar charts were built

to compare graphically the compliance of the participants with different key dietary guidelines on the same set of axes. The thirteen food-

and nutrient-based recommendations were scored and summed to create a recommendation compliance index (range 20·5 to 14). Ordinal

logistic regression analyses were performed to determine the factors contributing to poor dietary compliance. Several food- and nutrient-

based guidelines were insufficiently respected compared with others. The greatest gaps occurred in the adherence to grain and dairy pro-

duct consumption guidelines, as well as to total fat and notably to SFA recommendations. Age, country of birth, economic status, smoking

status and subject’s awareness of the importance of balanced meals emerged as independently associated with weak dietary compliance.

Obese subjects conformed more to dietary recommendations compared with normal-weight subjects. The findings underscore the need for

specific nutrition education messages along with targeted interventions. Efforts should be continued to increase population awareness of

the importance of a healthy lifestyle and a balanced diet.
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The burden of chronic diseases, such as cancer, CVD, obesity,

diabetes and osteoporosis, is rapidly increasing worldwide.

Lifestyles imposed by modern civilisation, particularly dietary

habits, have been shown to be centrally involved in their

multi-factorial causation(1,2). Beyond the appropriate medical

treatment for those already affected, the public health

approach of primary prevention is considered to be the

most cost-effective, affordable and sustainable course of

action to cope with the global chronic disease epidemic(2).

Currently, healthy eating promotion messages therefore

occupy a prominent position in prevention activities(3).

The Grand-Duchy of Luxembourg is a tiny central European

country with 511 800 inhabitants of multiple nationalities.

Apart from native people, 43·2 % of the population are

well-integrated foreign residents, mostly Portuguese (15·9 %),

French (6·1 %), Italians (3·5 %) and Belgians (3·3 %)(4).

Although the majority is of European origin, this mosaic

demographic characteristic produces multicultural dietary

habits. Beyond cancer, cardiovascular mortality is considered

to be the top leading cause of death, accounting over the

past 10 years for about 40 % of total mortality in Luxem-

bourg(5). In addition, the potentially modifiable cardiovascular

risk factors, individually as dyslipidaemia (69·9 %), hyperten-

sion (34·5 %), obesity (20·9 %), diabetes (4·4 %), or in cluster-

ing as the metabolic syndrome (24·7 %), affect a large

proportion of the population and have, worryingly, started

to appear earlier in life. In fact, the young age groups have

already presented a striking multiple risk profile, with a signifi-

cant sex-specific difference(6,7).

During the last two decades, successive sets of dietary

guidelines began to emerge in the USA and Europe. Several

governments, including that of Luxembourg, moved on to

implement national plans and to develop nutritional rec-

ommendations, to deal with the increasing public health chal-

lenges related to diet and health. In 2006, the national public

health authorities in Luxembourg launched an intensive cam-

paign with the aim of providing the general population with

food- and nutrient-related guidelines. Representative data of
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population dietary intake were delivered from the ‘Observation

of Cardiovascular Risk Factors in Luxembourg’ (ORISCAV-LUX)

survey 2007–8, to assess the needs for a targeted nutrition

education programme. The purpose of the study was to provide

policy makers and professionals involved in nutrition education

with reliable data to address efficient and targeted interventions.

While previous international studies have shown an interest

in the nutritional status of specific vulnerable groups(8,9), only

a few studies have focused on the general, presumably healthy,

adult population. Nevertheless, inadequate diet constitutes

a potential health threat and the achievement and then the

maintenance of good dietary habits are of major public health

concern. Underpinning the adequacy of dietary intake, or, in

other words, the compliance with dietary guidelines depends

on many health-related, socio-cultural and behavioural factors.

From a prevention standpoint, the objectives of the present

paper are to assess the current degree of adherence to the

national dietary recommendations, and to identify the factors

contributing to weak dietary compliance.

Methods

Study population

The ORISCAV-LUX survey was the first nationwide epidemio-

logical and nutritional cross-sectional survey to take place in

Luxembourg. The study provided representative data on

adults aged 18–69 years, residing in Luxembourg, based on

a weighted random sample stratified according to age, sex

and district, selected from the national health insurance regis-

try. The distribution of selected subjects in each stratum was

proportional to their distribution in the source population.

Further details concerning the aims, data collection, sample

representativeness and non-dietary baseline data have been

reported elsewhere(6,10). Briefly, a total of 1432 participants

visited the nearest study centre after phone appointment.

At the interview, the trained research staff provided the

participants with information on the study background and

objectives, gave detailed instructions about how to fill in

the FFQ, helped the participants individually to complete

dietary information and then checked the correctness of

completed questionnaires. Further information regarding the

demographic, socio-economic and lifestyle behaviours was

collected as well as direct blood pressure and anthropometric

measurements.

Demographic, socio-economic and lifestyle data

The self-reported questionnaire, administered during the

interview, provided data for individual characteristics. These

included sex, age, district of residence, country of birth, edu-

cation, income and marital status. The above variables were

categorised as follows: sex: men, women; age: 18–29 years,

30–49 years, 50–69 years; district of residence: Diekirch,

Grevenmacher, Luxembourg; country of birth: European, non-

European, Portuguese, Luxembourgish; education: primary,

secondary, tertiary level; income: living above, below

poverty threshold; marital status: live alone, live with partner.

The participant’s awareness of the importance of eating a

balanced meal was assessed via the question ‘what importance

do you accord to balanced meals in order to remain in good

health?’ The answers were classified as: very important,

enough importance, little importance. Smoking status was

defined as smoker or non-smoker. Full details concerning the

calculation of variables have been published elsewhere(11).

Anthropometric data

Weight and height were measured according to standard pro-

tocol procedures, as reported earlier(6). BMI was calculated by

dividing weight (kg) by the square of height (m). Based on the

International Obesity Task Force, convened by the WHO, sub-

jects with BMI ,18·5, 18·5–24·9, 25–29·9 and $30·0 kg/m2

were considered as underweight, normal, overweight and

obese, respectively(12).

Dietary data

Dietary intake data were collected using a self-administered

semi-quantitative FFQ(13). Recruitment was conducted over a

period of 15 months, between November 2007 and January

2009, hence aiming to reduce the effect of seasonal vari-

ation(14). However, with the availability of large amounts of

imported fruit and vegetables all year round, the effect of sea-

sonal variation on diet today is probably less than in it was

before. The participants reported the frequency of consump-

tion and portion size of 134 items over the last 3 months.

Each item is defined by a series of foods or beverages. The

participants reported the frequency of consumption of each

food group on the basis of six levels of frequencies, ranging

from ‘rarely or never’ (i.e. less than once per day) to ‘two or

more times per day’. Standard serving sizes of food or bever-

age were either specified on the FFQ (for example, soup

spoon) or estimated based on a photographic manual(15), pro-

vided as a reference for the evaluation of consumed portions.

Food and beverages from the FFQ were categorised into

nine major food groups: starchy food, fruits, cooked and

raw vegetables, meat–poultry–fish–eggs, prepared dishes,

dairy products, fats, drinks (alcoholic and non-alcoholic) and

miscellaneous. Nutrient intakes were calculated by multiplying

the consumption frequency of each food by the nutrient

content of specified portions. Nutrient values were obtained

from the French ‘SUpplementation en VItamines et Mineraux

AntioXydants’ (SU.VI.MAX) Food Composition Database(16).

In the present study, two patients aged 70 years and

forty-three participants with non-reliable reporting in the

FFQ of the frequency of consumption and portion size were

excluded. Next, six subjects who quoted highly implausible

data for the frequency and quantity of certain food groups

were also discarded. Finally, after the calculation of individual

nutrient intakes, twenty-nine participants were eliminated

because of too many outlying values (i.e. nutrient intakes

outside the 1–99 percentile range). Finally, a total of 1352

subjects were included in the statistical analysis. The sample

was weighted to account for the complex sampling design

and for non-response.
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Recommendation compliance index

A recommendation compliance index (RCI) was developed to

measure the degree of adherence to national dietary guide-

lines(17). It is a composite of thirteen quantified national

recommendations regarding the intake of food and nutrients.

Table 1 describes the construction of the RCI, the nutritional

indicators, the intake goals (RDA) and the scoring criteria.

Globally, components 1–7 measure the degree to which the

participant’s diet conforms to the seven food-based guidelines.

Components 8–13 measure the degree to which the partici-

pant’s diet conforms to the six nutrient-based guidelines.

The cut-off points and scoring criteria were defined basically

according to the adherence to national intake goals, as well

as clinical evidence and previously published epidemiological

studies(18,19). Specifically, the French ‘Programme National

Nutrition Santé’ guideline scoring criteria(20) were applied

with simple adaptation, due to cultural convergence and the

important similarity of several key dietary guidelines. The gen-

eral approach for scoring was to attribute points according to

how participants met with recommendations(14). Respondents

who met a given dietary goal received one point. In the case

of non-adherence to that national dietary recommendation,

zero points were attributed; otherwise, intermediate points

were attributed to subjects who were closely attaining the

given recommendation. By this method of scoring, a penalty

for harmful overconsumption was considered (for example,

Table 1. Construction of the recommendation compliance index

Components National intake goals Scoring criteria* Score

Food-based recommendations
Grain products† $3 times/d [0–1[ times/d 0

[1–3[ times/d 0·5
[3–6[ times/d 1
$ 6 times/d 0·5

Dairy products $3 times/d [0–1[ times/d 0
[1–2·5[ times/d 0·5
[2·5–3·5] times/d 1
. 3·5 times/d 0·5

Meat–poultry–fish–eggs 1–2 times/d 0 0
]0–1[ times/d 0·5
[1–2] times/d 1
. 2 times/d 0

Sea food $2 times/week , 2 times/week 0
$ 2 times/week 1

Fruits and/or vegetables $5 servings/d [0–3·5[ servings/d 0
[3·5–5[ servings/d 0·5
[5–7·5[ servings/d 1
$ 7·5 servings/d 2

Salt‡ 5–10 g/d . 12 g/d –0·5
]10–12] g/d 0
[5–10] g/d 1
, 5 g/d 1

Non-alcoholic drinks $1·5 litres/d , 1 litre/d 0
[1–1·5[ litres/d 0·5
$ 1·5 litres/d 1

Nutrient-based recommendations
Total fat§ #35 %E . 35 %E 0

# 35 %E 1
SFA #10 %E . 10 %E 0

# 10 %E 1
Total carbohydratesk .45 %E # 45 %E 0

]45–75] %E 1
. 75 %E 0·5

Simple sugars{ #10 %E . 10 %E 0
# 10 %E 1

Total protein 15–20 %E , 15 %E 0
[15–20] %E 1
. 20 %E 0

Total fibres .25 g/d # 2 5 g/d 0
. 25 g/d 1

%E, percentage of total daily energy intake.
* Brackets can be read as follows: ‘]x’ or ‘x[’, boundary not included; ‘[x’ and ‘x]’, boundary included.
† Grain products refer to all types of bread, cereals, muesli, pastries, potatoes, rice, pasta and pulses.
‡ This variable does not include added salt to food. The scoring criteria and cut-off points were based on

the French Programme National Nutrition Santé Guideline Score with adaptation(20).
§ Refers to the total fat of the diet (oils and fats added and contained in the foods).
kThe scoring criteria and cut-off points were defined according to the WHO recommendations(2).
{The term ‘simple sugars’ refers to all monosaccharides and disaccharides naturally present in foods

(honey, syrups and fruit) and added by the manufacturer, cook or consumer.
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salt intake), and a reward for beneficial overconsumption

(for example, fruit and vegetable consumption)(18,20)

(Table 1). The overall index obtained by summing the thirteen

components ranges between 20·5 (due to a negative half

point for excessive salt intake) and 14 points (2 points for

high daily fruit and vegetable servings), where a higher

degree of adherence results in higher scores. To account for

energy intake and the tendency to overestimate self-reported

consumption, in the design of the RCI, penalties were applied

to participants who had energy intake 5 % higher than their

calculated energy needs, as estimated using the BMR and

physical activity(20). The RCI was constructed to summarise

information on the population’s dietary compliance and to

create a more simplified picture of its relationship with

socio-economic, behavioural and health-related factors.

Physical activity

Self-reporting of physical activity during the last 7 d before the

interview was assessed by using the International Physical

Activity Questionnaire (IPAQ)(21), which categorises the popu-

lation into three levels: physically inactive, moderately active

and active, as recommended by the IPAQ group of experts(22).

Ethical aspects

The present study was conducted according to the guidelines

laid down in the Declaration of Helsinki and all procedures

involving human subjects were approved by the National

Research Ethics Committee and the National Commission for

Private Data Protection. Written informed consent was

obtained from all the subjects.

Statistical analysis

The radar charts were built to display how various dietary

objectives were met and to illustrate the gap between the

current state (percentage of participants currently adherent

to each dietary recommendation) and the ideal situation

(100 % compliance). Sex- and age-specific differences in the

compliance rate for each food- and nutrient-based recommen-

dation were tested by classical x2 statistics.

The RCI was split into four groups based on distribution

quartiles. It ranged from a ‘poor compliance’ (RCI , 5·50)

to a ‘good compliance’ (RCI $ 8), with the two intermediate

categories (5·50–6·99) and (7–7·99) defined as ‘needs

improvement’. Univariate analyses, via a trend analysis and

ordinal logistic regression, identified the factors significantly

associated with a good degree of compliance (the 4th quartile

was taken as the reference category of the dependent variable:

RCI). The independent variables included age, sex, marital

status, country of birth, economical status, education level,

smoking habits, BMI, and participant’s awareness of the

importance of balanced meals to maintain good health. The

parallel lines assumptions (which mean that the location

parameters are equivalent across the levels of the dependent

variable and which are necessary to perform an ordinal

regression) were met for each variable. The cumulative OR

and the respective 95 % CI were estimated to identify the

variables independently associated with the weak degree of

adherence to national recommendations. Then, the socio-

economic, behavioural and health-related variables found

significant in the univariate analysis were combined in a step-

wise multivariate statistical analysis. Results were considered

significant at the 5 % critical level (P,0·05). All statistical

analyses were performed by using PASWw for Windowsw

version 18.0 software (formerly SPSS Statistics Inc.) and

survey procedure for complex sampling designs.

Results

Compliance with food-related guidelines

Sex- and age-specific compliance rates with individual food-

and nutrient-based guidelines were calculated and depic-

ted in radar charts for the adults residing in Luxembourg

(Figs. 1–4).

Globally, women had a better compliance with national

guidelines than men; differences were significant for fruits

and vegetables, dairy products and salt. From a public

health point of view, the participants who consumed less

than 5 g salt/d (below the national recommended range)

were included in the group of compliers with that dietary

goal (Fig. 1).

Overall, the older age groups were more compliant with

food-based recommendations than the younger ones, in par-

ticular the guidelines for salt, fruits and vegetables, sea food

and meat–poultry–fish–eggs (Fig. 2).

Compliance with nutrient-related guidelines

While approximately 80 % of the population was conforming

to the simple sugars guideline (less than 10 % of total energy

intake), the adherence to adequate consumption of total fats

(maximum 35 % of total daily energy intake) and particularly

of SFA (less than 10 % of daily energy intake) was dramatically

low in both sexes (31 and 12·4 %, respectively) (Fig. 3).

There were significant age-specific differences with regard

to simple sugar and total carbohydrate consumption. Older

individuals were more likely to follow the simple sugars

guideline than younger individuals; however, younger individ-

uals respected more the total carbohydrates recommendation

than older individuals (Fig. 4).

Distribution of compliance according to demographic,
socio-economic and lifestyle behaviours

Table 2 describes the distribution of the categorised RCI

according to demographic, socio-economic and lifestyle beha-

viours. There was no substantial sex-specific difference with

regard to the quartiles of RCI, but there was an age-specific

difference (P¼0·42, P,0·0001, respectively). The degree of

compliance varied significantly with respect to country of

birth, marital status, economic status, smoking status and

subjective awareness of the importance of eating balanced
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meals. Likewise, there was a significant relationship between

adherence to dietary recommendations and BMI.

Univariate analyses

The univariate analyses revealed that getting older (OR 0·78;

95 % CI 0·72, 0·85) and being of Portuguese origin (OR 0·57;

95 % CI 0·43, 0·75) increased the likelihood of high scoring

on the RCI. On the other hand, living alone (P¼0·002),

living below the poverty threshold (P¼0·032), being a

smoker (P,0·0001), and being not aware of the importance

of a healthy diet (P,0·0001) were associated with lower RCI

scores (poor compliance with national dietary recommen-

dations) (Table 3).
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Grain products

Dairy products

Meat–poultry–
fish–eggs*

Sea food*Fruits and/or vegetables*

Salt*

Non-alcoholic
drinks

Fig. 2. Compliance with food-based guidelines according to age groups: ( ), 18–29 years; ( ), 30–49 years; ( ), 50–69 years. The radar chart plots the

values of each dietary component along a separate axis that starts in the centre of the chart (0 % compliance) and ends at the outer ring (100 % compliance). The

values are the percentage of the population adherent to each dietary recommendation. * P,0·05.
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Fig. 1. Compliance with food-based guidelines according to sex: ( ), men; ( ), women. The radar chart plots the values of each dietary component along a

separate axis that starts in the centre of the chart (0 % compliance) and ends at the outer ring (100 % compliance). The values are the percentage of the popu-

lation adherent to each dietary recommendation. * P,0·05.
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Multivariate analyses

In the final model, only the variables significantly associated

with degree of compliance with dietary guidelines (P,0·05)

were included in the multivariate ordinal logistic regression

analysis. After adjustment for potential confounding factors,

six factors remained significantly and independently associ-

ated with dietary compliance, namely age, country of birth,

economic status, smoking status, awareness of a healthy diet

and BMI. Compliance increased with age (OR 0·81 for each

10-year addition; 95 % CI 0·74, 0·90), suggesting that individ-

uals do respect the dietary guidelines better as they get

older. Regarding the country of birth, the subjects born in

Portugal showed better adherence to national dietary rec-

ommendations than natives of Luxembourg (OR 0·47; 95 %

CI 0·34, 0·66). By contrast, smoking increased the risk of

poor compliance as compared with non-smokers (OR 1·49;

95 % CI 1·14, 1·96). Compared with those aware of the very

high importance of balanced meals, subjects who attributed

little importance or enough importance to balanced meals

0
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20
30
40
50
60
70
80
90

Total fat*

SFA*

Total carbohydrates

Simple sugars

Total protein

Total fibres

Fig. 3. Compliance with nutrient-based guidelines according to sex: ( ), men; ( ), women. The radar chart plots the values of each dietary component along

a separate axis that starts in the centre of the chart (0 % compliance) and ends at the outer ring (100 % compliance). The values are the percentage of the popu-

lation adherent to each dietary recommendation. * P,0·05.
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Fig. 4. Compliance with nutrient-based guidelines according to age groups: ( ), 18–29 years; ( ), 30–49 years; ( ), 50–69 years. The radar chart plots

the values of each dietary component along a separate axis that starts in the centre of the chart (0 % compliance) and ends at the outer ring (100 % compliance).

The values are the percentage of the population adherent to each dietary recommendation. * P,0·05.
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had about, respectively, 3-fold and 2-fold increased chances of

being less compliant. Obese subjects exhibited higher RCI

scores (good compliance) than subjects with normal weight

(OR 0·68; 95 % CI 0·50, 0·92) (Table 3).

Discussion and applications

The present study provides novel data on the population

adherence to national dietary guidelines in a representative

sample of the adult population in Luxembourg. It measured

for the first time the current gap in compliance with key

national dietary guidelines among adults, and examined the

demographic, socio-economic, behavioural and health-related

factors that might explain poor compliance.

Compared with American and other European nutrition pro-

grammes, our national plan for healthy nutrition focused princi-

pally on the essential food- and nutrient-related guidelines to

ensure a global adequate health status. The present findings

provide evidence that several national dietary guidelines are

not sufficiently respected compared with others. The greatest

gaps occur in the adherence to grain and dairy product

consumption guidelines, as well as to total fat and notably to

the SFA recommendations. Globally, subjects should increase

their intake of grains and dairy products and reduce their

consumption of total fat and of SFA in particular.

Although no significant sex-specific difference was

observed, compliance markedly increased with age; older

individuals were more inclined to comply well. In line with

this finding, several studies suggested that increasing age

was associated with an increase intake of fruits and veg-

etables(23,24) and with reporting a healthier diet(25).

Adequate dietary intake is essential to health promotion.

Low mortality in different populations(26), notably the Mediter-

ranean(27), has been associated with greater adherence to

healthy dietary patterns. Although extensive worldwide

research studies have been conducted on the links between

nutrients, food patterns and chronic diseases(28–32), the best

way to assess population adherence to dietary recommen-

dations and adequate dietary intake is still unknown. Several

investigators used dietary scores to characterise the diet that

Table 2. Distribution of recommendation compliance index-based compliance according to demographic, socio-economic, behavioural and
health-related characteristics of participants in the Observation of Cardiovascular Risk Factors in Luxembourg (ORISCAV-LUX) study

(Percentages and numbers of subjects by quartile (Q))

Q1 (weak
compliance): , 5·50 Q2: 5·50–6·99 Q3: 6·99–8

Q4 (good
compliance): $ 8

P for trend
Characteristics % n % n % n % n

Subjects 24·5 302 25·5 315 26·7 330 21·2 287
Sex (n 1234)

Men 26·4 148 26·1 156 26·7 167 20·8 129 0·42
Women 24·7 154 25·3 159 26·3 163 23·6 158

Age (n 1234)
18–29 years 38·0 69 26·5 48 18·1 32 17·4 31 ,0·0001
30–49 years 23·9 149 27·3 173 28·5 178 20·3 133
50–69 years 19·4 84 22·5 94 29·3 120 28·8 123

Country of birth (n 1234)
European 25·4 68 22·8 62 25·6 69 26·3 76 ,0·0001
Non-European 38·0 22 9·9 7 20·7 13 60·5 (21
Portugal 12·0 19 25·3 35 36·9 53 24·9 38
Luxembourg 27·0 193 28·3 211 25·3 195 19·5 152

Level of education (n 1225)
Primary 26·8 83 24·7 79 27·7 85 20·8 71 0·14
Secondary 27·4 145 25·9 145 25·3 149 21·4 127
Tertiary 21·5 72 26·0 88 27·7 94 24·9 87

Conjugal status (n 1234)
Living with partner 22·4 196 26·0 230 28·5 251 23·1 211 0·013
Living alone 32·6 106 25·0 85 22·2 79 20·2 76

Economic status (n 1082)
Living below the poverty threshold 30·1 66 27·3 62 23·3 53 19·3 48 0·046
Living above the poverty threshold 238 196 25·6 217 27·7 235 22·9 205

Smoking status (n 1234)
Non-smokers 23·1 218 24·7 240 27·2 266 25·1 257 0·004
Smokers 34·6 84 29·4 75 24·2 64 11·8 30

Importance of balanced meals (n 1233)
Very important 19·2 118 24·5 156 28·5 181 27·8 183 ,0·0001
Enough importance 30·2 154 25·9 135 25·9 138 17·9 100
Little importance 47·7 30 33·5 23 14·0 11 4·8 4

BMI (n 1234)
Underweight 54·7 11 26·5 5 14·7 3 4·0 1 ,0·0001
Normal weight 29·3 147 26·0 137 24·5 129 20·2 115
Overweight 23·9 97 25·6 103 27·2 114 23·3 100
Obese 17·0 47 25·1 70 31·1 84 26·8 71
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reflects healthy behaviours. Most of these tools were devel-

oped in terms of adherence to the American dietary guide-

lines(33–36) and recently to the French Nutrition and Health

Programme Recommendations(20). The purpose of the present

study was to describe how closely the adult population

adhered to national food- and nutrient-based recommen-

dations. The national dietary guidelines considered specific

food groups and macronutrients as the best indicators of a

healthy diet; therefore, a weak compliance can inform on an

inadequate dietary intake. In some ways, the RCI indicates

how healthily individuals eat, since dietary compliance and

healthy eating are obviously connected. In opposition to

other previous studies, our findings voluntarily did not focus

on the gap between estimated average intake of individual

food or nutrients compared with the dietary guidelines. This

approach may generate a bias due to the asymmetric nature

of food and nutrient intake variables. The percentage of indi-

viduals conforming to each national dietary recommendation

is more relevant to assess the overall picture of dietary con-

sumption and to track the population adherence to dietary

guidelines.

In line with scores developed by other researchers, the RCI

attributes added points for higher fruit and vegetable intake,

and negative points for higher salt intake than the currently

provided recommendations, to take into account healthy

behaviours(20,36,37). Moreover, the RCI takes into account

energy intake and the problem of overestimated self-reported

consumption. Points were deducted for individuals with

energy intakes greater than their estimated needs. Schofield’s

equation based on age, body weight and height was used to

estimate each individual’s BMR. Individual energy expendi-

tures (BMR £ physical activity level) were then compared

with energy intakes. If reported energy intake was .5 % of

the calculated energy need, the total score was reduced by

the same proportion(20).

Significant socio-economic differentials in dietary patterns

have been shown in New Zealand(38), the Republic of Ireland(39)

and Denmark(40). Level of education was the most important

variable explaining social differences in dietary habits

among the Danish adults(40). In an American study, sex, age,

race/ethnicity, education and income were factors that influ-

enced diet quality(41), whereas lower occupational categories

were associated with poorer dietary quality in a French

study(14). In our studied population, after adjusting for all

potential confounders, individuals living below the poverty

threshold were significantly less compliant with the national

dietary guidelines, hence emphasising the importance of

socio-economic status in determining the degree of adherence

to national recommendations.

The crude analyses of the RCI revealed that the degree of

compliance differed according to demographic and beha-

vioural characteristics; subjects with the lowest scores were

generally young, living alone, had a lower economic and edu-

cational level, were smokers, and attributed little importance

to a balanced diet. However, the significant effects of marital

status and educational level disappeared when adjusting for

other variables. Consequently, only age, country of birth,

economic status, smoking status, BMI, and subject’s awareness

of the importance of balanced meals emerged as independent

factors associated with poor dietary compliance, after full

adjustment for other potential confounding factors. We

found that smokers had a general tendency to be reluctant

to health-promoting behaviours as compared with others.

Thus, national public health policies need to target those

most at risk: the young, smokers and particularly less health-

conscious individuals, as they have the least will to change

Table 3. Demographic, socio-economic, behavioural and health-related determinants of weak dietary compliance of participants in the Observation of
Cardiovascular Risk Factors in Luxembourg (ORISCAV-LUX) study*

Univariate (n 1234) Multivariate (n 1081)

OR 95 % CI P OR 95 % CI P

Sex Men v. women 1·12 0·91, 1·37 0·274
Age 10 units 0·78 0·72, 0·85 ,0·0001 0·81 0·74, 0·90 ,0·0001
Country of birth

Europeans v. Luxembourgish 0·78 0·60, 1·01 0·001 0·74 0·56, 0·99 ,0·0001
Non-Europeans v. Luxembourgish 0·93 0·47, 1·81 0·88 0·45, 1·73
Portuguese v. Luxembourgish 0·57 0·43, 0·75 0·47 0·34, 0·66

Level of education
Primary v. tertiary 1·24 0·94, 1·64 0·120
Secondary v. tertiary 1·28 1·00, 1·64

Conjugal status
Living alone v. living with partner 1·46 1·15, 1·84 0·002

Economic status
Living below v. above the poverty threshold 1·35 1·03, 1·76 0·032 1·41 1·06, 1·87 0·018

Smoking status
Smoker v. non-smoker 1·94 1·51, 2·49 ,0·0001 1·49 1·14, 1·96 0·004

Importance of balanced meals
Enough importance v. very important 1·74 1·34, 2·16 ,0·0001 1·68 1·32, 2·14 ,0·0001
Little importance v. very important 4·34 2·85, 6·63 2·73 1·74, 4·27

BMI Underweight v. normal weight 3·21 1·41, 7·31 ,0·0001 2·75 0·99, 7·59 0·025
Overweight v. normal weight 0·79 0·62, 1·01 0·91 0·69, 1·18
Obesity v. normal weight 0·59 0·46, 0·77 0·68 0·50, 0·92

* Non-significant variables were omitted from the multivariate analyses.
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their habits. Similar to French study findings, obese subjects

were more likely to be better compliers with national dietary

guidelines than subjects with a normal weight. This is prob-

ably due to their early awareness of body fatness which led

them to change their eating habits accordingly. The cross-sec-

tional nature of the present study hinders confirmation of the

cause–effect relationship.

Although results obtained here were globally consistent

with those of other studies, the diversity of approaches to

designing dietary scores makes direct comparison with other

studies difficult. Mostly, all scores were developed based on

each country’s national recommendations, which differ

between countries; some dietary guidelines are based on

only food groups, others on food and nutrient intakes. The

absence of a reliable tool for dietary assessment in epidemio-

logical studies constitutes a major obstacle hampering inter-

national comparisons.

The ORISCAV-LUX study is characterised by several strong

points(6,7,10); however, certain shortcomings should be

recognised, as with other nutrition-related studies. Although

the FFQ has been largely used in cross-sectional studies, the

data on dietary intake are still based on self-report with the

possibility of under- or over-reporting. Additionally, we are

aware of the potential limits of the RCI, which may provide

a partial image of overall diet quality. However, it helped to

distinguish the population’s degree of adherence to the cur-

rent national guidelines and identify the associated socio-

economic and behavioural characteristics, corresponding to

our research objectives. From a public health standpoint, the

RCI was designed to provide an overall easy but coherent

picture of the people’s compliance with the key national

food- and nutrient-related recommendations, rather than to

measure diet quality, which requires more sophisticated

tools. Despite these limitations, the present findings are

useful and represent a valid source of information for health

professional and public health decision-makers.

The present study identified, for the first time in Luxem-

bourg, current population compliance gaps by using radar

charts. These illustrations, barely used in the literature,

helped to display, at a glance, a comprehensive assessment

of the current situation regarding the population compliance

with individual dietary recommendations. In consistent with

our public health perspectives, presenting data in the form

of radar charts serves as a tool of communication to support

decision-makers engaged in strategic planning, and health

professionals to understand where input should be improved,

and efforts should be focused.

In addition, the study was based on a global approach

emphasising both the adherence to food recommendations

that reflect appropriate food selection, and the adherence to

nutrient recommendations that reflect good-quality dietary

intake. The multidimensional nature of dietary compliance

analysis allowed evaluation of the total population diet ade-

quacy rather than the examination of single food groups in

isolation.

In conclusion, the present study showed that a substantial

proportion of the population of adult residents of Luxembourg

exhibits a poor to moderate compliance with the current

national dietary guidelines. This implies that dietary habits of

adults ought to be improved. In addition, the segment of the

population with poor compliance is represented by young

adults, the deprived, smokers and those unaware of the

importance of a balanced diet to maintain good health. This

underscores the need for targeted nutrition interventions to

tackle those at particularly high risk. Therefore, these findings

should be of high interest not only to decision-makers but also

to several public health actors and stakeholders, such as

health educators, dietitians and teachers. The magnitude of

the gap between current dietary intakes and the national rec-

ommendations calls for a continued effort to increase the

population awareness of the importance of a healthy and

balanced diet.
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