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Abstract

Background Non-communicable diseases (NCDs) accounted for 89% of deaths in Luxembourg in 2019, aligning
with Europe’s figures but exceeding the global average of 74%. Behaviours play a critical role in NCD management,
with unhealthy lifestyles—like poor diets, physical inactivity, tobacco use, and alcohol consumption—posing signifi-
cant risks, especially when combined. The present study aims to explore sociodemographic characteristics of adoles-
cents presenting behavioural risks for NCDs in Luxembourg.

Methods A representative sample of 8117 adolescents (11-to-18-years-old) took part in the 2022 Health Behaviour

in School-aged Children (HBSC) Luxembourg survey. We measured physical inactivity, daily sugar consumption,
cigarette use and alcohol consumption, and their combination (1, 2 or 3 >risks). The sociodemographic characteristics
investigated were sex, age, migration background, family structure and perceived wealth. Binomial logistic regression
crude and adjusted were performed with sociodemographic characteristics for each risk behaviour. In addition, mul-
tinomial logistic regression crude and adjusted were used to analyse the association between the combination of risk
behaviours and the sociodemographic information of the adolescents in Luxembourg.

Results Girls had higher odds of physical inactivity (OR=2.06) than boys, and older age groups exhibited elevated
odds of physical inactivity (OR=2.99), cigarette smoking (OR=25.00), and alcohol consumption (OR=35.56). Migra-
tion background emerged as a protective factor against alcohol consumption (parents migration OR=0.60; self-
immigrated OR=0.45) but a risk factor for physical inactivity (parents'migration OR=1.50; self-immigrated OR=1.72).
Adolescents who did not live with both parents were more likely to be physically inactive (OR=1.37), consume sugar
daily (OR=1.33), smoke cigarettes (OR=1.26) and consume alcohol (OR=1.80). Adolescents that reported their
families were not well off had higher odds to be physically inactive (OR=2.12) and to consume sugar daily (OR=1.39).
The simultaneity of risk behaviours reveals a worrying trend of increasing risk with age, highlighting the need for pre-
ventive interventions throughout adolescence. Furthermore, the results in relation to family structure and perceived
wealth highlights the complexity and interrelationship of these factors in adolescent behavioural health.

Conclusions The study provides guidance to create more effective interventions aiming to promote healthy behav-
iours in adolescents.
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a significant challenge to healthcare systems [2], as they
result from multiple risk factors, including behavioural,
metabolic, and environmental [3].

Behaviours are considered as modifiable risk factors
and are crucial in the management of NCDs [2]. Hence,
their promotion has been a priority for the past decade
[4]. The main behavioural risk factors contributing to
NCDs are unhealthy lifestyles, such as prolonged peri-
ods of unhealthy diets, physical inactivity, tobacco use,
and alcohol consumption [3, 5, 6]. In Luxembourg, while
there has been a decrease in daily sugary soft drinks con-
sumption, tobacco use and alcohol consumption between
2010 and 2018 (with prevalence being 24%, 13%, 29%,
respectively), daily sweets consumption has increased
since 2014 reaching 25% in 2018 [7]. The combination of
risk behaviours increases exponentially the probability of
developing NCDs [5, 8]. The investigation of the simulta-
neous occurrence of NCDs risk behaviours is necessary,
as it can guide the development of more effective strate-
gies to prevent, manage, and alleviate the adverse health
effects and premature mortality associated with these
conditions [2].

Adolescence is a key phase in human development
to enhance health. During this phase lasting habits are
formed [9], including risks behaviours [10, 11], however
insufficient attention is given to this population in com-
parison to adults [12]. Addressing social disparities that
contribute to the emergence of these harmful behaviours
is essential to ensure that prevention strategies are sen-
sitive to inequalities [10, 13]. Neglecting risk factors for
NCDs during adolescence can result in significant long-
term impacts on adult’s population health [11]. Addition-
ally, identifying and understanding health inequalities
based on social, economic or demographic factors can
play a fundamental role in disease prevention in the
future [14].

Luxembourg is a unique country in terms of social and
cultural interactions. Situated in the heart of Europe,
bordered by Germany, Belgium, and France, with resi-
dents from around 180 different nationalities [15] that
bring various cultural backgrounds and socioeconomic
statuses, Luxembourg is one of the great melting pots
of Europe. Therefore, the objective of this study is to
analyse social inequalities on behavioural risk factors
for noncommunicable diseases among adolescents in
Luxembourg.

Methodology

Study design

Health Behaviour in School-aged Children: WHO Col-
laborative Cross-National survey/study (HBSC) is a
cross-national study of adolescent health and well-being.
The survey is undertaken every four years with national
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representative samples, using a standardized question-
naire, following an international research protocol to
ensure consistency in the data collection and processing
[16]. Data from the HBSC Luxembourg Study 2022 were
used to analyse the association of sex, migration back-
ground, family structure, perceived wealth, and age with
physical inactivity, daily sugar consumption, cigarette
smoking and alcohol consumption and the combination
of these behaviours in adolescents in Luxembourg.

Sample and procedure

In Luxembourg, 8 538 adolescents aged 11 to 18 par-
ticipated in the HBSC 2022 survey and responded to a
paper-pencil questionnaire in class, during school hours.
The questionnaire, originally developed in English, was
translated to German and French using a translation/
backtranslation process. Data was weighted according
to the educational tracks and grade (classes were used
as the primary sampling unit), ensuring that the sample
distribution corresponds to the population and reducing
possible bias from differences in participation rates. Ethi-
cal approval for the HBSC Luxembourg 2022 Survey was
received (ERP 21—-013 HBSC 2022), the parents/guard-
ians of the adolescents were informed about the study
through the school management and could refuse/con-
sent their children participation.

Measures

Physical inactivity was assessed with the number of days
in which the respondents considered themselves physi-
cally active for a total of at least 60 min per day, over
the last seven days. The responses ranged from “0” to “7
days” in an eight-point-scale. “Physical inactivity” refers
to the response “0 days” [17].

Daily sugar consumption was computed based on two
questions in a seven-point scale, ranging from “never”
to “more than once daily” For further analysis, the items
were combined in one variable. “Daily sugar consump-
tion” refers to those who reported sweets or soft drinks at
least once a day.

Alcohol consumption was based on the number of days
in which the respondents reported having drunk alcohol
in the last 30 days. The response options varied between
“never” to “30 days (or more)” in a seven-point-scale.
“Alcohol consumption” includes all categories between
“1 day” and “30 days or more”.

Cigarette smoking was evaluated with the number of
days in which the respondents stated they have smoked
cigarettes in the last 30 days. The responses ranged on
a seven-point-scale from “never” to “30 days (or more)”.
“Cigarette smoking” includes all categories between
“1 day” and “30 days or more”.
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Sociodemographic characteristics

Sex and age

Respondents answered if they were a boy or a girl and
their month and year of birth. They were categorized in
“11-12y0’ “13-14yo0’, “15-16y0” and, “17-18yo0".

Migration background

Respondents provided their own and their parents’
country of birth. They were afterwards categorised
as “no (recent) migration’, “parental migration” or
“self-migration”

Family structure

Respondents gave information on who they were living
with. They were afterwards categorised as living with
“both parents” and “other” family constellations.

Perceived wealth

Respondents answered on a five-point scale on how
they perceived their own family’s socioeconomic cir-
cumstances (i.e. how well off they thought their family
was). The answers were categorised as “well-oft”, “aver-
age” or “not well-oft”.

Statistical analysis

Descriptive analyses were used to present the preva-
lence for each risk behaviour in total and by sociode-
mographic characteristics. Inferential analysis was
conducted to investigate the relationship between risk
behaviours for NCDs and sociodemographic charac-
teristics. Binary logistic regression models were used
to examine how behaviours such as physical inactivity,
daily sugar consumption, cigarette smoking in the last
30 days, and alcohol consumption in the last 30 days
were associated with sociodemographic characteristics.
Adjusted models were used to account for potential
confounding factors.

A multinomial logistic regression analysis was per-
formed to assess combinations of risk behaviours.
The reference category was ‘no risk behaviour, the
other categories were ‘one risk behaviour, ‘two risk
behaviours, and ‘three or more risk behaviours. The
independent variables were the sociodemographic
characteristics (migration background, family structure
and perceived wealth). Once again, adjusted models
incorporated the sociodemographic variables associ-
ated in the crude models to account for potential addi-
tional influences. Statistical analysis was conducted
using SPSS version 28 [18], with a significance level of
.05 for all tests.
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Table 1 Characteristics of the sample of the Health Behaviours
School-aged children (HBSC) 2022 survey Luxembourg (n =8538)

Unweighted Weighted
n (%) n (%)
Total 8538 (100.0%) 8415 (100.0%)
Sex
Boy 4327 (51.1%) 4316 (51.7%)
Girl 4140 (48.9%) 4029 (48.3%)
Age
11-12yo 2174 (25.5%) 65 (25.7%)
13-14yo 2344 (27.5%) 2366 (28.1%)
15-16 yo 2390 (28.0%) 2287 (27.2%)
17-18 yo 1630 (19.1%) 1597 (19.0%)
Migration background
No (recent) migration 2160 (26.3%) 2095 (25.9%)

4009 (48.7%)
2059 (25.0%)

3924 (48.5%)
2065 (25.5%)

Parental migration
Self-migration
Family structure

Both parents 5355 (66.5%) 5212 (65.9%)

Other 2698 (33.5%) 2696 (34.1%)
Perceived wealth

Well off 4501 (54.3%) 4397 (53.8%)

Average 3270 (39.4%) 3239 (39.6%)

Not well off 523 (6.3%) 535 (6.6%)
Results

The characteristics of participants of the HBSC Luxem-
bourg 2022 survey are presented in Table 1.

The weighted sample presented a balanced distribu-
tion between boys (51.7%) and girls (48.3%). The age
groups were well represented 25.7% were aged 11-12
years, 28.1% aged 13-14 years, 27.2% aged 15-16 years,
and 19.0% aged 17-18 years. Regarding migration back-
ground, 25.9% reported no recent migration, 48.5% had
parental migration, and 25.5% were self-migrants. Most
participants (65.9%) lived with both parents, while 34.1%
lived in other family structures. Regarding perceived
wealth, 53.8% considered themselves well off, 39.6% aver-
age, and 6.6% not well-off. Table 2 presents the preva-
lence of risk factors for non-communicable diseases
(NCDs) in adolescents in Luxembourg stratified by soci-
odemographic characteristics.

Gender disparities were evident in physical inactivity
only, with girls demonstrating higher rates (7.1%) com-
pared to boys (3.7%). Most risk behaviours increased
with age. The more prominent increase being of alcohol
consumption (5.6% within 11-12yo and 57.4% within
17-18yo). Adolescents who were living in other (than
both parents) family constellations had higher prevalence
of all risk factors analysed, notably alcohol consumption
(32.5%). Perceived wealth disparities were also observed,
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Table 2 Prevalence of risk factors for NCDs in adolescents in Luxembourg, stratified by sociodemographic characteristics

Physical inactivity

Daily sugar

Alcohol consumption Cigarette smoking

consumption

Total 433 (5.3%) 940 (11.1%) 2166 (27.3%) 899 (11.3%)
Sex

Boy 154 (3.7%) 503 (11.9%) 1117 (27.9%) 440 (10.9%)

Girl 276 (7.1%) 463 (11.6%) 1022 (26.8%) 451 (11.8%)
Age

11-12yo 54 (2.6%) 247 (11.6%) 112 (5.6%) 21 (1.0%)

13-14yo 105 (4.6%) 308 (13.2%) 310 (14.1%) 143 (6.5%)

15-16yo 145 (6.5%) 256 (11.3%) 875 (40.4%) 318 (14.6%)

17-18yo 129 (8.3%) 165 (10.5%) 869 (57.4%) 417 (27.5%)
Migration background

No (recent) migration 73 (3.6%) 249 (12.0%) 702 (35.5%) 238 (11.9%)

Parental migration 209 (5.5%) 444 (11.4%) 960 (25.9%) 420 (11.3%)

Self-migration 136 (6.8%) 231 (11.3%) 457 (23.6%) 225 (11.5%)
Family structure

Both parents 229 (4.5%) 542 (10.5%) 1280 (25.8%) 454 (9.1%)

Other 177 (6.8%) 358 (13.4%) 809 (32.5%) 411 (16.4%)
Perceived wealth

Well off 195 (4.6%) 488 (11.2%) 1110 (26.9%) 436 (10.5%)

Average 170 (5.4%) 374 (11.7%) 866 (28.4%) 371 (12.0%)

Not well off 57 (10.9%) 80 (15.1%) 165 (32.6%) 83 (16.6%)

adolescents not well-oftf presented higher prevalence
across all risk factors analysed.

Table 3 presents the odds ratios (OR) and associated
p-values in crude and adjusted models for the association
between behavioural risk factors and sociodemographic
characteristics.

The adjusted models revealed intricate associations
between sociodemographic factors and various risk
behaviours among adolescents in Luxembourg. In terms
of physical inactivity, gender disparities persisted, with
girls having significantly higher odds than boys of being
physically inactive (OR=2.06, 95%CI=1.66-2.56).
Age plays a pivotal role, with odds increasing in older
age groups, particularly in the 17-18yo (OR=2.99,
95%CI=2.13-4.21). Migration background showed
nuanced dynamics, with self-migration having the high-
est odds of physical inactivity (OR=1.72, 95%CI=1.27-
2.34). Family structure and perceived wealth contributed
significantly, with adolescents living in other (than both
parents) family constellations (OR=1.37, 95%CI=1.11—
1.69) and not well-off (OR=2.12, 95%CI=1.52-2.95)
being associated with higher odds of physical inactivity.

In terms of daily sugar consumption, family struc-
ture and perceived wealth played substantial roles.
Increased odds were observed for adolescents in other
family constellations (OR=1.33, 95%CI=1.15-1.54),
and not well off (OR=1.39, 95%CI=1.06-1.81). No

significant association was found in relation to sex, age,
and migration background.

For alcohol consumption, age-related patterns were
evident, with substantially increased odds in older
age groups (ORy5_jq, = 12.13, 95%CI=9.74-15.11;
ORy;_j10 = 25.00, 95%CI=19.30-31.40). Migration
background introduced intriguing dynamics, with
lower odds for adolescents with parental migration
(OR=0.60, 95%CI=0.53-0.69) and self-migration
(OR=0.45, 95%CI=0.39-0.54). Family structure was
associated with alcohol consumption with adoles-
cents living in other family constellations presenting a
higher likelihood for alcohol consumption (OR=1.26,
95%CI=1.12-1.43) than those living with both parents.

Regarding smoking behaviour, age remained a key
determinant, with higher probabilities of demonstrat-
ing such behaviours in older age groups (ORy5_4,
= 1594, 95%CI=9.99-2543; ORy, 5, = 35.56,
95%CI=22.32-56.63). In relation to family structure,
findings were similar to those of alcohol consumption,
with adolescents living in other family constellations
presenting higher odds of cigarette smoking (OR=1.80,
95%CI=1.54-2.09).

Table 4 presents odds ratios in both crude and
adjusted models for the association between simulta-
neity of behavioural risk factors and sociodemographic
factors.
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Table 3 Association between risk factors and sociodemographic characteristics in adolescents in Luxembourg

Physical inactivity

Daily sugar consumption

Alcohol consumption Cigarette smoking

Crude Adjust Crude Adjust Crude Adjust Crude Adjust
OR OR OR OR OR OR OR OR
(95%ClI) (95%Cl) (95%ClI) (95%Cl) (95%Cl) (95%Cl) (95%ClI) (95%Cl)
Sex
Boy 1 1 1 1 1
Girl 1.97% 2.06% 097 094 1.09
(1.61-2.42) (1.66-2.56) (0.85-1.11) (0.85-1.04) (0.95-1.25)
Age
11-12y0 1 1 1 1 1 1 1
13-14yo 1.81% 158 % 1.16 2.98% 3.09% 6.65% 7.04%
(1.30-252)  (1.11-249)  (0.97-1.39) (2.23-3.50) (244-391) (4.12-10.34) (4.65-11.41)
15-16y0 261% 237% 0.97 11.54% 12.13% 16.19% 15.94%
(1.90-358)  (1.70-3.31)  (0.81-1.17) (9.36-14.22) (9.74-15.11)  (10.39-25.23)  (9.99-25.43)
17-18yo 337% 2.99% 09 22.93% 25.00% 35.89% 35.56%
(2.44-4.67) (2.13-4.21) (0.73-1.10) (18.47-28.46) (19.3-314) (23.07-55.84) (22.32-56.63)
Migration background
No (recent) migration 1 1 1 1 1 1
Parental migration 1.57% 1.50% 0.95 0.64% 0.60% 0.94
(1.19-2.06) (1.14-1.99) (0.80-1.12) (0.57-0.72) (0.53-0.069) (0.80-1.12)
Self-migration 1.98% 1.72% 0.94 0.56% 045% 0.96
(1.48-2.64) (1.27-2.34) (0.77-1.13) (0.49-0.64) (0.39-0.54) (0.79-1.17)
Family structure
Both parents 1 1 1 1 1 1 1 1
Other 1.54% 137t 1.33t 1.33% 1.38% 1.26% 1.95% 1.80%
(1.26-1.89) (1.11-1.69) (1.15-1.53) (1.15-1.54) (1.24-1.53) (1.12-1.43) (1.69-2.25) (1.54-2.09)
Perceived wealth
Well off 1 1 1 1 1 1 1 1
Average 1.19 1.03 1.05 1.02 1.07 0.93 1.16% 0.99
(0.96-1.47) (0.93-1.29) (091-1.21) (0.88-1.19) (0.97-1.19) (0.83-1.06) (1.00-1.34) (0.84-1.16)
Not well off 2.54% 2.12% 141* 1.39t 131t 112 1.69% 1.09
(1.86-3.47) (1.52-2.95) (1.09-1.82) (1.06-1.81) (1.08-1.60) (0.89-1.41) (1.31-2.18) (0.82-1.44)

95C1 95% confidence interval, OR odds ratio
*p<.05,1p<.005, $p <.001

Among the total of 7488 adolescents who took part
in this study (89.3% response rate), 59.9% reported no
risk behaviour, while 27.1% have a single risk behav-
iour for NCDs. A substantial rise in risk behav-
iours is observed as age increases (OR;_j4, = 1.54,
95%CI=1.30-1.83; ORy5_y4,, = 4.15, 95%CI=3.53-4.89
and ORy;_;5,, = 6.55, 95%CI=5.46-7.87). The migra-
tion background also plays a role, with lower risks
behaviours being identified among those with paren-
tal migration (OR=0.72, 95%CI=0.63-0.82) and self-
migration (OR=0.61, 95%CI=0.52-0.72), compared
to those with no (recent) migration. The family struc-
ture (OR=1.26, 95%CI=1.11-1.42) also shows a sig-
nificant association with a single risk behaviour. Sex and

perceived wealth do not show significant associations
with a single risk behaviour in the adjust model.

A total 10.8% presented two risk behaviours for
NCDs. Age proves to be a significant factor, revealing
increased risk in older age groups (ORy3_j4y, = 3.36,
95%C1=2.30-4.90; ORy5_14y, = 10.57, 95%Cl=7.41-
15.07; ORy;_g,, = 31.44, 95%CI1=22.01-44.91). Also,
the influence of a recent migration background is dem-
onstrated by a decrease in the risk among individuals
with parental migration (OR=0.71, 95%CI=0.58-0.87)
and self-migration (OR=0.60, 95%CI=0.47-0.76),
in contrast to those with no (recent) migration. Fam-
ily structure exhibited a noteworthy association, with
adolescents from other family constellations showing
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Table 4 Association between cumulative risk behaviours and sociodemographic characteristics in adolescents in Luxembourg

No Risk Vs. One Risk

No Risk Vs. Two Risks

No Risk Vs. >Three Risks

n Crude Adjust n Crude Adjust n Crude Adjust
(%) OR (95%Cl) OR(95%Cl) (%) OR(95%Cl) OR(95%Cl) (%)  OR(95%ClI) OR(95%Cl)
Total 2032 806 163
(27.1) (10.8) (2.2)
Sex
Boy 1013 1 392 1 76 1
(26.8) (104) (2.0)
Girl 1000 1.05 405 1.10 86 1.20
(274)  (095-1.17) (11.1)  (0.94-1.28) (24)  (0.88-1.64)
Age
11-12yo 304 1 1 41 1 1 2 1 1
(16.0) (2.2) 0.1)
13-14yo 430 1.49% 1.54% 124 3.17% 3.36% 36 23.52% 2291%
(20.8)  (1.26-1.75) (1.30-1.83) (6.0) (2.21-4.54) (2.30-4.90) (1.7)  (481-115.17) (4.67-112.42)
15-16yo 748 3.90% 4.15% 275 1061% 10.57+ 58 57.87% 5540+
(36.3) (3.34-456) (3.53-4.89) (133)  (7.57-14.86) (7.41-15.07) (28) (11.97-279.76)  (11.44-268.21)
17-18yo 551 6.07% 6.55% 365 29.72% 31444 68 142.39% 121.25%
(380) (5.10-7.22) (5.46-7.87) (252)  (21.19-4169) (2201-4491) (47) (29.50-687.16)  (25.02-587.58)
Migration background
No (recent) migration ~ 598 1 1 239 1 1 36 1 1
(314) (12.6) (1.9
Parental migration 922 0.74% 0.72% 340 0.72% 0.71% 83 1.09 0.99
(26.2)  (0.65-0.84) (0.63-0.82) (10.2)  (0.60-0.86) (0.58-0.87) (23)  (0.73-1.62) (0.66-1.49)
Self-migration 455 0.69% 0614 189 0.714 0.60% 41 1.01 043
(24.9)  (0.59-0.80) (0.52-0.72) (10.3)  (0.58-0.88) (0.47-0.76) (22)  (064-1.60) (0.43-1.12)
Family structure
Both parents 1249 1 1 447 1 1 74 1 1
(26.3) (94) (1.6)
Other 690 131% 1.26% 325 1.72% 1.62% 84 2.69% 246%
(293)  (1.17-147) (1.11-1.42) -138  (1.47-2.02) (1.36-1.92) (36) (1.96-3.71) (1.76-3.44)
Perceived wealth
Well off 1045 1 1 390 1 1 77 1 1
(26.7) (10.0) (2.0)
Average 811 1.09 1.01 344 1.24% 1.08 51 0.93 0.70
(27.7)  (0.97-1.21) (0.90-1.14) (11.8)  (1.06-145) (0.91-1.29) (1.7)  (0.65-1.33) (0.48-1.02)
Not well off 140 1.32% 1.26 61 1.55t 1.23 33 4.22% 2944
(29.3)  (1.06-1.65) (0.99-1.61) (12.8)  (1.15-2.10) (0.88-1.73) 6.9) (2.75-6.48) (1.84-4.70)

95C1 95% confidence interval, OR odds ratio
*p<.05,1p<.005, % p<.001

a higher likelihood of presenting two risk behaviours
(OR=1.62, 95%CI=1.36-1.92).

Three or more risk behaviours were reported by 2.2%
of the adolescents. Age emerges as a significant factor,
with substantially increased risks in older age groups
(ORy3_ 14y = 22.91, 95%C1=4.67-112.42, to ORy;_;3,
= 121.25, 95%CI=25.02—-587.58). Family structure was

associated with three or more risks, with adolescents
living in other family constellations presenting higher
odds ratio (OR=2.46, 95%CI=1.76-3.44) than those
living with both parents. The perceived wealth pre-
sented association, revealing higher odds among not
well-off adolescents (OR=2.94, 95%CI=1.84—-4.70).
Sex and migration background did not present associa-
tion with three or more risk behaviours.
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Discussion

This study aimed to analyse social inequalities on behav-
ioural risk factors for non-communicable diseases
(NCDs) among adolescents in Luxembourg. More spe-
cifically, we explored the association between physical
inactivity, daily sugar consumption, alcohol consumption
and cigarette smoking, on one hand, and sex, age, migra-
tion background, family structure and perceived wealth,
on the other hand. Our results indicated that alcohol
consumption (27.3%) and cigarette smoking (11.3%) were
the most prevalent risk behaviours. Regarding the combi-
nation of risk behaviours for NCDs, 27.1% of the partici-
pants reported one single lifestyle related risk behaviour
for NCDs, while 10.8% reported two and 2.2% three or
more risk behaviours.

Social inequalities varied according to the behaviours.
Sex had the lowest number of behaviours associated to it,
increased age had an exponential association, migration
background and perceived wealth presented mixed pat-
terns, while family structure exhibited a similar pattern
across behaviours.

Sex presented an association with physical inactivity
only. Girls presented a higher probability to be physical
inactive compared to boys. Similar findings have been
reported in Europe for decades [19]. This behaviour can
be widely explained by the cultural activities tradition-
ally carried out during the leisure time, such as collective
sports for boys and reading for girls [20] as boys could
have wider options of leisure activities than for girls in
high income countries [21]. Besides that, no other risk
behaviours presented an association with sex. Simi-
lar findings were already observed in other countries,
with no sex difference found in relation to daily sugar
consumption [22], cigarette smoking [23, 24] and alco-
hol consumption [25]. It is known that while boys tend
to consume more sugar-sweetened beverages [26], girls
appear to consume more sweets [27] and Luxembourg is
no exception [28]. As in our study adolescents reported
the daily consumption of sweets or soft drinks, we can
speculate that the non-gendered finding concerning daily
sugar consumption might be due to this fact. Regard-
ing cigarette smoking and alcohol consumption, both
behaviours are decreasing in the world [24, 25, 29-31],
which may be due to the implementation of policies and
the negative perception of substance use [25]. Nonethe-
less, the decrease in boys’ behaviours is more prominent
than in girls, narrowing the gender gap [25, 31, 32]. That
is especially true in countries with high gender equality
[33], such as Luxembourg [34], as in countries with high
gender equality girls may feel less constraints about the
gender role and barriers to use substances [33].

Age was associated with physical inactivity, alco-
hol consumption and cigarette smoking, with odds
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increasing significantly in older age groups. Regarding
physical inactivity, as adolescents progress in school and
reach the end of secondary school, there is an increase
in participation in extracurricular activities that could
explain the decrease of physical activity [35]. Adolescents
have more difficulty perceiving risks than adults [36],
higher vulnerability to peer pressure [37] and are more
sensitive to instant rewards than adults [38], increasing
the likelihood of smoking and consuming alcohol during
adolescence. The importance of age is also highlighted
when focusing on the simultaneity of risk factors. Previ-
ous investigations indicated that once one risk behaviour
is adopted, there is a higher chance to adopt others in the
future [39], stressing the need for preventive interven-
tions throughout the course of adolescence.

Regarding the migration background, it is important
to note that Luxembourg has one of the highest migra-
tion rates in Europe [40]. Near half (47.4%) of the popu-
lation are immigrants. The highest proportion coming
from Portugal, France and Italy respectively [41]. In
Luxembourg, being an immigrant (self-migration or
parental migration) is associated with increased odds of
physical inactivity, but lower odds of alcohol consump-
tion controlled by all the sociodemographic variables.
Similar findings were observed in Belgium, a neighbour-
ing country of Luxembourg, where migrant adolescents
also presented lower odds of consuming alcohol con-
trolled by socioeconomic status [42]. Therefore, migra-
tion background can be considered as a protective factor
to alcohol consumption while as a risk factor to physical
inactivity in Luxembourg. Due to these complex associa-
tions with each risk behaviours, migration background
did not present an association with the combination of
risk behaviours of NCDs. This lack of standard direction
is a very important finding for the development of tai-
lored preventive strategies.

Family structure showed an association with all risk
behaviours and their simultaneity. Adolescents living
in other family constellations presented higher odds of
being physically inactive, consuming sugar daily, con-
suming alcohol and smoking cigarettes compared to
those living with both parents, controlled by sociodemo-
graphic characteristics. The association between family
structure and physical activity or sweet and soft drinks
consumption may be partially explained by perceived
wealth [22, 43, 44]. However, our study accounted for
perceived wealth and the results suggest that this rela-
tionship is more complex. For instance, adolescents not
living with both parents reported encountering more
barriers to engage in physical activities and perceived
less support from their parents, due to time constraints
and family responsibilities [45]. A systematic review of
reviews [46] found that a better or more positive support
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from family has a positive association for the practice of
physical activity during the leisure time. In the literature,
living with both parents played a protective role on daily
sweets consumption and in alcohol consumption in other
countries [22, 35]. Moreover, family structure differences
could be explained by other mechanisms than socio-
economic status [22, 43]. Adolescents living with a sin-
gle parent are more likely to engage in substance use as
they are less likely to have protective youth assets such as
relationship with father, parental monitoring, use of time
and school connectedness [47]. In France, an important
border country with Luxembourg, it was found that what
most influences adolescent smoking were parental smok-
ing and family structure [48]. It is possible that similar
influences could be found in Luxembourg, due to its geo-
graphical proximity.

Perceived wealth was also associated with risk factors,
as adolescents from not well-off families have higher
odds of physical inactivity and daily sugar consump-
tion than their peers. These disparities may reflect social
dynamics and contextual factors that influence physical
activity and healthy food choices among young people
[49, 50]. For instance, the food security, that reflect the
access to sufficiently safe and nutritious food that meets
their dietary needs and food preferences, can explain the
results, as it presents an association with family income
in Europe [51]. Interestingly, perceived wealth was not
determinant to having a single, nor two risk behav-
iours, but only when considering three or more risk fac-
tor simultaneously. That is due to the fact that cigarette
smoking and alcohol consumption, the two most preva-
lent behaviours, showed no significant association to per-
ceived wealth. As such, when cumulative behaviours are
taken into consideration, adolescents from low affluent
families are more vulnerable to multiple simultaneous
risk factors. It is important to note that in Luxembourg
adolescents from a low affluent background were more
prone to be overweight/obese [28], likely because of this
increased vulnerability to simultaneous risk behaviours.
Prevention programs aiming at this group already exist in
the country and should be reinforced by considering the
importance of understanding what is necessary to pro-
mote access to affordable healthier food options and by
reducing the barriers for the physical activity practice.

This study was the first to investigate simultaneity pat-
terns of four major NCD-related lifestyle risk factors
among adolescents in Luxembourg. In addition, to our
knowledge, this is the largest study providing prevalence
estimates of four lifestyle risk factors and their combi-
nation patterns among adolescents aged 11-18 in the
country. While this study offers valuable insights, it is
essential to recognise its limitations. First, the cross-sec-
tional design of the study does not allow for conclusions
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about cause-and-effect relations. In addition, the meas-
ures are self-reported and, as such, they are potentially
affected by response bias such as social desirability and
memory bias. Future research may benefit from longitu-
dinal approaches to better understand trajectories of risk
behaviours and analyse the factors that can contribute to
the development of these behaviours.

Final considerations

Our findings suggest social inequalities in behavioural
risk factors for non-communicable diseases (NCDs)
among adolescents living in Luxembourg. The risk
behaviours to NCDs that presented the higher preva-
lence among adolescents in Luxembourg were alcohol
consumption and cigarette smoking. Among the soci-
odemographic variables, physical inactivity showed sig-
nificant association with the highest number of variables,
followed by cigarette smoking, alcohol consumption, and
daily sugar consumption. The odds ratio for simultane-
ity of lifestyle risk factors associated to NCDs indicates
an association with sociodemographic characteristics,
especially increased age, and family structure (living in
a family constellation other than with both parents). To
conclude, this study provided more precise guidance to
develop more effective interventions to promote healthy
behaviours in adolescents in Luxembourg.
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