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Abstract

Background Adolescent mental health problems are on the rise globally, including in Sweden. One indicator of
this trend is increased psychosomatic symptoms (PSS) over time. Lifestyle factors such as physical activity (PA), diet,
smoking, and alcohol consumption may influence the time trends in PSS; however, the evidence base is scarce. The
aim of this study was to investigate associations between time trends in PSS and lifestyle factors.

Methods The study was based on data collected from a nationally representative sample of 9,196 fifteen-year-old
boys and girls in Sweden using the Health Behavior in School-aged Children (HBSC) symptom checklist. The sample
comprised nearly equal proportions of girls (50.5%) and boys. The lifestyle factors examined in this study included PA,
regular breakfast intake, consumption of fruits, vegetables, sweets, or soft drinks, smoking, and alcohol drunkenness.
We used data from 2002 to 2018 and stratified by family affluence scale (FAS) to demonstrate how the associations
varied among the FAS groups. We fitted separate regression models for the high- and low-FAS groups, where
interaction terms between the year of survey and each lifestyle factor were used to estimate the level and direction of
associations between the factors and trends in PSS.

Results There was a generally increasing trend in PSS mean scores from 2.26 in 2002 to 2.49 in 2018 (p <.001). The
changes in each survey year compared to the average mean scores during the preceding years were significant in

all years except 2010. Regular breakfast intake, daily fruit and vegetable consumption, and higher PA were associated
with lower PSS mean scores, while smoking and drunkenness had opposite associations with PSS. The only significant
interaction between survey year and the lifestyle factors was observed regarding drunkenness in the high FAS group,
suggesting that the association between trends in PSS and the experience of getting drunk at least twice got stronger
over time (B=0.057; C1:0.016, 0.097; p<.01).

Conclusions The results indicate increasing trends in PSS among young people in Sweden from 2002 to 2018, with
a significant increase observed among adolescents in the high FAS group who reported getting drunk on at least two
occasions.
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Introduction

Adolescents are burdened with a heavy load of mental
health problems [1], despite being perceived as healthy
[2]. Increasing trends of these problems have been
reported both in Sweden and elsewhere [3-5] in recent
decades. One indicator of these trends is an increase in
psychosomatic symptoms (PSS) over time [3, 6, 7]. The
causes of these increased trends remain largely unknown.
This study aims to illuminate factors associated with
these trends by grounding itself in the social determi-
nants of health model (SDH) [8, 9]. The SDH, rooted in
social epidemiology theory [10], posits that health or
disease results from a complex interplay of conditions
broadly categorized into (a) structural determinants,
such as social and political context, gender, income, eth-
nicity, and (b) intermediate determinants, including indi-
vidual lifestyle behaviors. While previous studies have
explained the trends in mental health problems from
various perspectives, such as migration background [11],
gender and school-related stress [12], and socioeconomic
status (SES) [13], none have explored the potential role of
lifestyle behaviors in influencing these trends. This study
aims to fill that gap.

Previous studies have demonstrated that lifestyle
behaviors can have positive or negative impacts on men-
tal health. For example, frequent and regular consump-
tion of fruits and vegetables, engaging in regular PA, and
regular breakfast intake have been linked to improved
mental health outcomes [14—18]. Conversely, frequent
consumption of sweets and sugar-added drinks, physi-
cal inactivity, alcohol drunkenness, and substance abuse,
such as tobacco, are associated with PSS and other poor
mental health conditions [15, 19-23]. The mechanisms
that may link these behaviors to mental health are var-
ied. For instance, one hypothesized pathway between
unhealthy dietary habits and mental health issues is
through the development of obesity, which can trigger
adipose-induced inflammation and lead to mental health
problems such as depression [24]. Alcohol exposure, for
example, episodic heavy drinking [25], during adoles-
cence disrupts brain development and executive function
maturation, which negatively impacts emotional states
[26]. Moreover, smoking is associated with changes in
brain structure and neural circuitry in brain regions, and
these changes are implicated in mental disorders [27].
Studies have also shown that PA improves self-esteem,
cognitive performance, and educational achievements,
which, in turn, have positive associations with mental
health [14]. Although the associations between lifestyle
factors and mental health problems including PSS are
well documented, little is known about the influence of
these factors on trends in PSS among adolescents. On
the other hand, studies have demonstrated reciprocal
relationships between mental well-being and lifestyle
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behaviors. Mental health problems have been associ-
ated with unhealthy eating [28, 29], an increased risk of
smoking [30], alcohol use disorder [31], and a sedentary
lifestyle. However, investigation of the directions the
association is beyond the scope of this study.

Furthermore, studies also show that lifestyle behav-
iors vary across socioeconomic gradients. Adolescents
from lower SES groups show poorer diets, less PA, and
increased cigarette smoking than their peers from higher
SES groups [32, 33]. Thus, it is important to take SES into
consideration when examining relations between life-
style factors and PSS. In this study, we use Family Afflu-
ent Scale (FAS) as an indicator of the family’s economic
status.

The present study therefore aims to investigate the
association between trends in PSS from 2002 to 2018
and lifestyle factors, including PA, breakfast regularity,
consumption of fruits, vegetables, sweets or soft drinks,
smoking, and alcohol drunkenness over time among ado-
lescents in thigh- and low-FAS groups. This study utilizes
the exposure and vulnerability hypotheses to investigate
these associations. The exposure hypothesis guides the
examination of whether trends in PSS could be explained
by changes in lifestyle factors over time (see [12] and
[34]); whereas the vulnerability hypothesis examines
whether the strength of associations between trends in
PSS and lifestyle factors varies across FAS groups over
time [12, 34].

Methods

Participants

This study uses data from the Swedish Health Behavior in
School-aged Children (HBSC) studies conducted in 2002,
2006, 2010, 2014 and 2018. These studies collect data
from nationally representative samples of 11-, 13-, and
15-year-old boys and girls through cross-sectional sur-
veys to track the health and lifestyle of adolescents with
a focus on their social and environmental contexts [35].
The HBSC data were collected using a two-stage cluster
design with schools being primary sampling units. Once
a school was selected, one class per grade/age group
(grade 5 (11-year-olds), grade 7 (13-year-olds) or 9 grade
(15-year-olds)) was selected from each cluster where data
were collected from all students in that class under the
supervision of the teacher (see Hogberg et al. [12] for a
detailed description of the process). This study focuses
on data from the 15-year-olds, with nearly equal pro-
portions of girls (50.5%) and boys. Table 1 presents the
number of participants by sex and SES. The participation
of schools was reasonably high across the survey years,
except in 2018 when it was only 47%. Students’ response
rates were high in all years, ranging from 81 to 88% [36].
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Table 1 Description of the 15-year-old participants in the
Swedish HBSC 2002-2018, by sex and FAS'.

2002 2006 2010 2014 2018
n (%) n (%) n (%) n (%) n (%)

Boys 609 (50) 752 (49) 1059 1358 771
(51) (49) (48)

Girls 609 (50) 774 (51) 1031 1408 825
(49) (57 (52)

Low FAS 299 (25) 270(18) 280(14) 609 (23) 311
(20)

High FAS 918 (75) 1250 1790 2102 1280
(82) (86) (77) (80)

Schools response (%) * 84 83 88 77 47
Students response (%) * 84 81 86 88 87

fFAS=Family Affluence Scale is a composite of four measures of family affluence
(family car ownership, own bedroom, family holidays, and family computer
ownership) [37], and dichotomized in each wave of data using standard
deviations (low FAS; <-1 SD, high FAS; > -1 SD)

* Public Health Agency of Sweden. Skolbarns Halsovanor 2017/18-Grundrapport
[In English: Health Behavior in School-Aged Children 2017/18; Basic Report].
Ostersund: Public Health Agency of Sweden; 2018. Report No.: 18,065

Psychosomatic symptoms

We measured psychosomatic symptoms (PSS) using a
scale developed from the HBSC symptoms checklist,
designed as a nonclinical measure of health complaints.
Participants were asked if and how often they had expe-
rienced the following eight symptoms in the past six
months: headache, stomachache, backache, feeling low,
feeling irritable, feeling nervous, sleeping difficulties, and
feeling dizzy. The response to each question ranged from
“daily” to “rarely/never” and was coded as “about every
day” =1, “more than once a week” = 2, “about every week”
= 3, “about every month” = 4, and “rarely/never” = 5. This
measure has shown acceptable reliability and internal
consistency among adolescents of the same age in Can-
ada [38]. We reverse coded the items and created a com-
posite variable PSS from the mean of the scores, where
higher mean scores signified poorer mental health of a
participant.

Breakfast regularity

This variable is constructed from school children’s
response to the following question: “On weekdays, how
often do you usually have breakfast (more than a glass of
milk or fruit juice)?” The response categories include “I
never have breakfast during weekdays’, “1 day’, “2 days’,
“3 days’, “4 days’, and “5 days” While specific guidelines
on regularity of breakfast do not exist, we adopted an
approach by Pedersen et al. [39] to dichotomize the vari-
able into “regular” for those who reported having break-
fast at least 3 days in a week and “irregular” for those who
reported having breakfast less than 3 days a week.

Dietary habits
Habits of consuming different food items were asked
using the following question: “How many times a week do
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you usually eat or drink, a) fruits, b) vegetables, c) sweets,
or d) soft drinks?” The response categories include

” « ” o«

“never’, “less than once a week’, “once a week’; “2—4 days
a week’, “5-6 days a week’, “once daily’, and “more than
once daily” We first reverse coded sweets and soft drinks
so that low intake favors positive health according to pre-
vious studies [18]. We then dichotomized the intake habit
of each of the four food items into 0 or 1 using cutoff
points reported in Kleppang et al. [18], a study that used
a similar dataset. Daily or more than once daily intake of
fruits and vegetables, as well as less or equal to four days
a week intake of sweets or sugar-added soft drinks, were
each coded as (1). Less than daily intake of fruits and veg-
etables and intake of sweets or sugar-added soft drinks
for more than four days in a week were each coded (0).
A composite variable was created from these four food
items, giving a scale of 0—4. We finally dichotomized this
scale at a median value where values 0-2 were catego-
rized as “unhealthy” (0) and 3—4 as “healthy” (1) follow-
ing the experience of Kleppang et al. [18]

Physical activity (PA)

PA was assessed based on the question: “Over the past
7 days, on how many days were you physically active
for at least an average of 60 minutes per day?” We used
the WHO-recommended level of PA for children,
which states that children should accumulate an aver-
age of 60 min of moderate to vigorous physical activities
(MVPA) daily [40]. Following the experience of a previ-
ous study [41], we categorized participants who were
active for at least five days as “sufficiently active” and
those who were active for less than five days as “insuffi-
ciently active”

Smoking

Participants were asked the question: “How often do
you smoke tobacco at present?’, with response catego-
ries including “I do not smoke”, “Less than once a week’,
“At least once a week but not every day’, or “Daily”. This
question was asked differently in 2018, and we used the
question that asked: “On how many days (if any) have
you smoked cigarettes in the last 30 days?” with response
categories of “Never’;, “Once’, “2-3 days’, “4—10 days”
or “More than 10 days” We created a binary variable
by combining these two questions where those never
smoked/do not smoke were coded (0) and the rest were
coded (1).

Alcohol drunkenness

We used alcohol drunkenness in this study instead of
mere frequency of alcohol consumption, as the former
was found to have an association with mental health [42].
The following question was presented to the participants:
“Have you ever had so much alcohol that you were really
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drunk?;, with response categories including “Never’,
“Once’, “2-3 times’, “4-10 times” or “More than 10
times”. Following recommendations from previous stud-
ies [43, 44], we coded individuals who never got drunk or
got drunk only once as (0), and the rest as (1).

FAS

This study used the 2001/2002 version of the FAS to mea-
sure family’s economic status. The scale was developed
for HBSC surveys as an alternative measure of family
wealth and has been used for over two decades [37, 45,
46]. The scale comprises four items that include family
car ownership, bedroom occupancy, family holidays, and
computer ownership.

« Does your family own a car, van, or truck? Response
categories were No (0), Yes, one (1), Yes, two or more
2).

+ Do you have your own bedroom for yourself?
Response categories were No (0) and Yes (1).

+ During the past 12 months, how many times did you
travel away on holiday with your family? Response
categories were as follows: not at all (0), once (1),
twice (2), and more than twice (3).

« How many computers does your family own?
Response categories were: None (0), One (1), Two
(2), More than two (3).

A composite FAS was calculated for each adolescent by
summing the scores of each item, and the resulting scale

Table 2 Mean PSS scores by year of survey, sex, and FAS,
compared using reverse helmert contrasts¥

Year of Psychosomatic symptoms, mean scores, and SE (in
survey  bracket)
Total Boys Girls Low FAS  High
FAS
2002 2.26(0.024) 202 2.50 239 222
(0.031) (0.033) (0.052) (0.027)
2006 233 2.08 2.58 246 2.31
(0.021)* (0.028) (0.030) (0.055) (0.023)*
2010 2.25(0.018) 2.00 250 238 223
(0.023) (0.026) (0.054) (0.019)
2014 240 2.10 2.68 242 239
(0.016)*** (0.021)* (0.022)***  (0.037) (0.018)***
2018 249 220 276 252 248
(0.021)***  (0.028)*** (0.029)*** (0.052) (0.022)***

*HE/¥X[* = p<.001/0.01/0.05, respectively. PSS=Psychosomatic symptoms;
SE=Standard error Family Affluence Scale is a composite of four measures of
family affluence (family car ownership, own bedroom, family holidays, and
family computer ownership) [37], dichotomized in each wave of data using
standard deviations (low SES; < -1 SD, high SES; > -1 SD)

Total: F=23.858, df=4, P<.001, eta?=0.01; Boys: F=8.157, df=4, P<.001,
eta?=0.007; Girls: F=16.783, df=4, p<.001, eta?=0.014; Low FAS: F=1.241, df=4,
p=.291, eta?=0.003; High FAS: F=24.911, df=4, p<.001, eta?=0.013

$Reverse Helmert Contrast is a statistical technique that compares a value of a
variable at given level with the mean of the previous level(s) [48]
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ranged from O to 9. The scale was then dichotomized
as low or high FAS in each wave of data using standard
deviations. Considering the country’s overall economic
changes [47], rather than employing a dichotomy with
pooled data from all waves, we conducted the dichotomy
for each wave of data. This approach aimed to minimize
the risk of misclassification as low or high FAS. In this
categorization, values equal to or less than —1 SD were
classified as low FAS (0), while values greater than —1 SD
were considered high FAS (1).

Statistical analysis

Two types of analyses were conducted. The first was
identifying time trends both in PSS and lifestyle factors
by comparing pooled mean scores for PSS and propor-
tions for the categorical lifestyle variables at each survey
year. Reverse Helmert contrast [48] was used to compare
the mean score or proportion in a given survey year with
the average of mean scores or proportions of the preced-
ing survey years. Hence, we compared 2006 vs. 2002,
2010 vs. average of 2002 and 2006, 2014 vs. average of
2002, 2006 and 2010, and finally 2018 vs. average of all
preceding survey years. Cohen’s d was used for measur-
ing the effect sizes [49] of the differences in the mean PSS
scores over time and the years during which significant
changes were observed are marked with asterisks (*) in
relevant tables.

The second type of analysis was fitting multiple lin-
ear regression models to investigate the associations
between trends in the dependent variable PSS and the
independent variables breakfast regularity, dietary habits
(unhealthy/healthy), PA, smoking, and alcohol drunk-
enness. In Model 1, in addition to assessing the main
effects of each independent variable on the trends in
PSS, we also tested exposure hypothesis by examining
the mediation effects of each lifestyle factor on the rela-
tionship between survey year and the outcome, using the
approach outlined in Karlson et al. [50]. In Model 2, the
study assessed the effects of the interaction between time
(survey year) and each independent variable with the
aim to test vulnerability. The coefficients of the interac-
tion terms were used to estimate the level and direction
of associations between the trend in PSS and the inde-
pendent variables. R-squared change was used to assess
the significance of the difference between Models 1 and
2 in predicting trends in PSS following the inclusion of
the interaction terms. The data were stratified by FAS to
show the trends in the low and high FAS groups sepa-
rately. The results were adjusted for sex.
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Results

Time trends in psychosomatic symptoms from 2002 to
2018

Table 2 shows that PSS mean scores exhibited increasing
trends from 2002 (2.26) to 2006 (2.33), from 2010 (2.25)
to 2014 (2.40), and finally from 2014 (2.40) to 2018 (2.49).
The Helmert reverse contrast confirms that the mean
PSS scores for a given survey year were significantly
higher than the means of all preceding years, except for
2010, when it was only marginally significant. The over-
all changes were significant (F=23.858, df=4, p<.001),
although the effect sizes were very small (Cohen’s d rang-
ing from 0.09 to 0.17).

Regarding sex differences, girls had significantly higher
mean PSS scores than boys across all years (Cohen’s d
ranging from 0.62 to 0.71; p<.001). For changes over
time, the trends in PSS scores began to increase signifi-
cantly for both girls (F=16.783, df=4, p<.001) and boys
(F=8.157, df=4, p<.001) after 2010 (Table 2). A signifi-
cant interaction term between sex and the year of survey
(B=0.029; p=.026) indicates that the increase was more
pronounced among girls than boys (Model 2 in Supple-
mentary Table 1). When comparing adolescents across
FAS gradients, those with high FAS had significantly
lower mean PSS scores than those with low FAS (Model
1 in Supplementary Table 1), especially during the period
2002-2014 (Table 2), with generally small effect sizes
(Cohen’s d ranging from 0.03 to 0.22, p<.01). There was
no significant difference in the mean PSS scores between
the FAS groups in 2018. For changes over time, a sig-
nificant interaction term between FAS and year of sur-
vey (B=0.036; p=.021) indicates that an increase in FAS
is associated with significantly increasing trends in the
mean PSS scores over time (Model 2 in Supplementary
Table 1). The results in Table 2 further elaborate that the
trend in PSS significantly increased in 2006 and after
2010 in the high FAS group (F=24.911, df=4, p<.001),
while there was no significant change in the low FAS
group (F=1.241, df=4, p=.291).

Time trends in lifestyle factors from 2002 to 2018

In general, the analysis of trends in lifestyle factors
yielded mixed results. As presented in Table 3, positive
behaviors (fruit and vegetable consumption, and physical
activity) either remained stable or slightly increased over
the survey period, except for breakfast intake. The lat-
ter showed an overall decrease during the study period,
with a significant change occurring in 2018, when it
decreased by 3% (p<.01). Stratification by FAS showed
that the decrease in regular breakfast intake occurred
in the low FAS group during the same period. However,
consumption of vegetables showed a consistently sig-
nificant increase across the survey years, except in 2010
when the increase was not significant. On the other hand,
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negative behaviors (consumption of sweets and soft
drinks, smoking, and alcohol drunkenness) significantly
decreased over time (p<.05), except for sweets and soft
drinks, which remained stable or increased, respectively,
for those in the low FAS group. The prevalence of alcohol
drunkenness exhibited a substantial overall decrease by
-70.5% (p<.001) between 2002 and 2018. This decline was
statistically significant in both the low FAS group (-65.8%,
p<.001) and the high FAS group (-71.9%, p<.001).

Association between trends in PSS and lifestyle factors
Table 4 presents regression results on the associations
between trends in PSS and lifestyle factors in the low
and high FAS groups. Model 1 shows associations with-
out interaction effects, and Model 2 shows the effects of
interaction between lifestyle factors and years of survey.

Cross-sectional associations

In Table 4, Model 1, within both FAS groups, regular
breakfast consumption was linked to lower PSS mean
scores, while smoking and alcohol drunkenness were
associated with higher PSS mean scores. PA was statisti-
cally significantly associated with lower PSS mean scores
only in the high FAS group.

Exposure hypothesis

Mediation analysis revealed that incorporating lifestyle
factors into the regression model led to the identifica-
tion of mediating effects of these factors, as evidenced
by the difference between the direct and total effects of
the survey year. The mediation analysis among the total
study sample (both low and high FAS groups) shows
significant indirect effects through the lifestyle factors
(B=-0.0184, p<.001) (Supplementary Fig. la). Further
analysis by stratifying the sample by FAS demonstrated
that the significance of the mediating effects of the life-
style factors holds true for adolescents in both the low
FAS (B=-0.0185, p<.01) (Supplementary Fig. 1b) and
high FAS (B=-0.0184, p<.001) groups (Supplementary
Fig. 1c). However, the proportion mediated by each life-
style factor in each FAS group varies slightly, as indicated
in Supplementary Fig. 1b and 1c.

Vulnerability hypothesis

The results in in Model 2 of Table 4 reveal that the inter-
action between alcohol drunkenness and year of survey
in the high FAS group was the only significant factor
(B=0.057; CI:0.016,0.097; p<.01), suggesting that alcohol
drunkenness was the only lifestyle factor in this study
that is statistically significantly associated with the trends
in PSS over time. The results indicated that the posi-
tive association between getting drunk with alcohol at
least twice and trends in PSS has become stronger over
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Table 3 Description of the 15-year-old adolescents'lifestyle behaviors and their changes over years from 2002 to 2018, in Total and by

FAS§
2002 (%) (X) (Reference) 2006 (%) 2010 (%) 2014 (%) 2018 (%) (Y) Difference in %
Regular breakfast (Total) 81.8 80.5 79.8 794 77.1%% -5.7
Low FAS 744 749 69.6 74.2 63.5%** -14.7
High FAS 84.0 81.7 815 81.0 80.3 -4.4
Physically active (Total) 317 343 54.9%** 386 36.8% 16.1
Low FAS 27.0 28.2 47 .2%** 318 26.7* -1.1
High FAS 333 354 56.2%** 40.7 392 17.7
+Healthy dietary habit (Total) 355 350 344 36.1 38.7*% 2.0
Low FAS 37.1 331 29.7 36.1 359 -3.2
High FAS 350 354 352 36.3 39.3% 12.3
Fruits (Total) 221 27.9 *** 243 21.4%* 236 0.8
Low FAS 204 271 20.6 19.0 238 16.7
High FAS 22.7 28.2%% 249 22.1%* 237 44
Vegetables (Total) 29.7 342% 344 38.6%** 42.0%* 4.4
Low FAS 254 33.1% 30.1 328 344 354
High FAS 312 344 35.1 40.4%%* 43.8%** 40.4
Sweets (Total) 19.2 19.2 20.5 18.8 14.3%%* -25.5
Low FAS 19.8 164 24.5% 224 21.0 6.1
High FAS 19.0 19.8 19.8 17.5 12.7%%% -33.2
Soft drinks (Total) 158 19.8%* 20.1* 188 14, 7%% -10.8
Low FAS 144 17.1 20.6 189 18.1 25.7
High FAS 16.2 204 20.0 18.7 13.0 -19.8
Smoking (Total) 238 13.0%% 20.2 11.3%% 171.5%% -51.7
Low FAS 218 11.3%%* 24.7%% 11.7%%% 131 -39.9
High FAS 244 13.3%% 194 10.8%%* T1.0%%% -54.5
Drunkenness (Total) 386 26.1 *** 24.0%%* 16.4 *** 17.4%xx -70.5
Low FAS 348 22.2%%% 20.1%* 14.9%%* 11.9%% -65.8
High FAS 399 26.9%%* 24.7%%* 16.8%%* 171.2%% -71.9

**x/%%/* = indicate significant proportion difference between the value at a specific survey year & means of the previous years at p<.001/0.01/0.05, respectively.
Family Affluence Scale is a composite of four measures of family affluence (family car ownership, own bedroom, family holidays, and family computer ownership)
[37], and dichotomized in each wave of data using standard deviations (low SES; <-1 SD, high SES; > -1 SD)

§ Reverse Helmert Contrast was used to estimate the changes in the proportion of adolescents’ lifestyle behaviors over the years of survey. Reverse Helmert Contrast
is a statistical technique that compares the value(fa variable at gS/en level with the mean of the previous level(s) [48]

Y-X
1The difference is calculated using the formula: % * 100 ) and significant differences are presented in bold

$Healthy dietary habit is a composite indicator from: fruits, vegetables, sweets & soft drinks

time among adolescents in the high FAS group (see also
Fig. 1).

Discussion

The primary objective of this study was to investigate the
influence of lifestyle factors on the trend in PSS among
Swedish adolescents from 2002 to 2018. Additionally, the
study aimed to explore how these relationships between
PSS trends and lifestyle factors differed across varying
levels of FAS. First and foremost, this analysis revealed
a significant increase in time trends in PSS, particularly
after 2010, which aligns with prior research in Sweden
[3, 6], as well as several other countries across Europe
and North America, Israel, and New Zealand [7]. How-
ever, the trends differed for adolescents in the high and
low FAS groups. Despite consistently higher PSS scores
among the adolescents in the low FAS group, the increase
over time was significant only among those in the high

FAS group. This finding contrasts with prior research
that reported more significant increasing trends in men-
tal health problems, including PSS, among adolescents
in the low SES group compared to those in the high SES
group [51, 52]. This difference could arise, among other
things, from the fact that this study employed objectively
measured economic indicator, FAS, whereas the refer-
enced studies used subjective SES measures linked to
individuals’ self-perceived social standing.

This study revealed generally increasing or stable posi-
tive behaviors and decreasing or stable negative behaviors
regarding trends in lifestyle factors. Some of the findings
are consistent with previous research, while others are
not. For instance, the consumption of fruits and regular
intake of breakfast remained stable over time, which is
consistent with previous studies in similar settings [53,
54]. The study also reveals that there have been signifi-
cant increases in PA trends, which contradicts previous
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Table 4 Multiple linear regression results of the association between lifestyle factors and mean PSS scores among 15-year-old

adolescents from 2002-2018 in low and high FAS groups

Low FAS (a) (N=1,769)

High FAS (b) (N=7,340)

B Lower Bound Upper Bound B Lower Bound Upper Bound

Model 1

Survey year 0.040** 0.010 0.071 0.080*** 0.066 0.094
Girl 0468*** 0.386 0.549 0.502%** 0466 0.538
Regular breakfast —0.258%** -0.350 -0.165 —0.233%%* -0.281 -0.186
Dietary habit 0.059 —-0.026 0.143 0.041* 0.004 0.078
Physical activity —0.046 -0.133 0.041 —0.0971%** -0.128 —0.055
Smoking 0.392%** 0.261 0.523 0.280*** 0.221 0.340
Alcohol drunkenness 0.274%%% 0.153 0.394 0.177%** 0.125 0.228
Model 2

Survey year 0.044 -0.025 0.113 0.090*** 0.051 0.129
Girl 0468%** 0.386 0.550 0.507%** 0465 0.536
Regular breakfast -0.232 -0474 0.011 -0.147* -0.279 -0.015
Dietary habit 0.089 -0.128 0.306 0.052 —0.049 0.154
Physical activity -0.076 -0.310 0.157 —0.084 -0.186 0.017
Smoking 0.394* 0.072 0.716 0.268*** 0.118 0418
Alcohol drunkenness 0.234 —-0.043 0512 0.013 -0.114 0.141
Reg. breakfast * Year —0.008 -0.077 0.060 —-0.026 —-0.063 0.012
Dietary habit * Year —-0.010 -0.072 0.053 —0.003 —-0.032 0.026
Physical activity * Year 0.009 —-0.058 0.076 —-0.003 -0.032 0.026
Smoking * Year -0.001 -0.098 0.095 0.004 -0.042 0.050
Alc. drunkenness * Year 0.014 —-0.072 0.100 0.057** 0.016 0.097

*H¥[¥¥/* = p<,001/0.01/0.05, respectively; B=unstandardized beta coefficients, Family Affluence Scale is a composite of four measures of family affluence (family car
ownership, own bedroom, family holidays, and family computer ownership) [37], and dichotomized in each wave of data using standard deviations (low SES; <-1 SD,

high SES; > -1 SD). PSS=Psychosomatic symptoms

Model Fitness: Low FAS: Model 1: R=0.175, R%-change =0.176; F(7, 1583)=48.234, p<.001; Model 2: R?=0.175; R-change=0.001; F(12,1578)=28.077, p<.001; High FAS:
Model 1: R?=0.179, R*-change=0.177; F(7, 6759) = 209.006; P<.001; Model 2: R*=0.178; R%-change=0.002; F(12, 6754) = 123.209; p<.001

studies that reported decreasing trends in PA [55] among
Swedish adolescents. The discrepancy may stem from the
difference in measurement tools used by the two studies.
Our study relies on self-reported levels of MVPA, while
Conger et al. [55] utilized wearable devices to directly
measure activity levels, thus mitigating potential recall
and other self-report biases. On the positive side, the sig-
nificant decrease in negative behaviors such as smoking
and drunkenness is consistent with findings from previ-
ous studies [56—58]. While the rates of change in fruit
and vegetable consumption, smoking, and alcohol con-
sumption were quite comparable between the high- and
low-FAS groups, noticeable differences were observed in
terms of regular breakfast intake, consumption of sweets
or soft drinks, and PA. In the high-FAS group, the pro-
portions of adolescents consuming sweets or soft drinks
significantly decreased by 33% and 20%, respectively. In
contrast, there was a significant increase in the consump-
tion of sweets (26%) and stability in the consumption of
soft drinks among those in the low-FAS group. The pro-
portion of adolescents reporting regular breakfast intake
decreased by 15% in the low-FAS group, as opposed
to a decrease of only by 4% in the high-FAS group. On
the other hand, the proportion of adolescents report-
ing engagement in PA increased by 18% in the high-FAS

group, while the change was negligible among those in
the low-FAS group. In the examination of associations
between lifestyle behaviors and trends in PSS, mediation
analysis, aimed at testing the exposure hypothesis, indi-
cated a notable role of lifestyle factors in slowing down
the rate of increase in PSS over time among adolescents
in both high and low FAS groups as indicated by a sig-
nificant difference between total and direct effects of year
of survey. Regardless of the contribution of the lifestyle
factors, however, increasing trends in PSS were observed
among those in the high FAS group. This may indicate
that the trends in PSS may not be fully explained by these
factors.

Nevertheless, the findings of vulnerability hypothesis
test reveal that the positive association between trends in
PSS and experience of getting drunk at least twice grew
stronger over time only among adolescents in the high
FAS group. This is intriguing in two ways: first, why did
the association between alcohol drunkenness and trends
in PSS grew stronger over time only among those in the
high FAS group and not among those in the low FAS
group? Second, why was drunkenness associated with
an increased trend in PSS over time despite a simultane-
ous significant decrease in drunkenness? The first ques-
tion could be explained by attributing the difference to
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the complex relationship between PSS and drunkenness
across different FAS gradients. This complexity could
be better understood through the lens of threshold-sat-
uration theory [59, 60], which suggests a nonlinear rela-
tionship between the two variables. It is possible that
the trend might have leveled off beyond a certain point
among those in the low FAS group while continuing to
increase among those in the high FAS group. In other
words, if we view FAS as a spectrum, at the higher end,
any escalation in drunkenness could result in a corre-
sponding increase in the mean PSS score over time. Con-
versely, at the opposite end of the spectrum, a saturation
point might have already been reached, and no further
increase could be detected. Another explanation could be
that we did not have sufficient statistical power in the low
FAS group, which has a sample size of only 1,769, com-
pared to the high FAS group, which has a sample size of
7,340.

The second question could be partly elucidated by
considering the hardening theory [61]. According to
this theory, when there is a general decline in the use
of substances such as alcohol within a population, indi-
viduals who continue to engage in drinking behaviors are
those who are at greater risk of negative consequences
of drinking. The theory suggests that the decrease in
alcohol consumption, or alcohol drinking problems in

this case, predominantly occurs among individuals with
lower levels of addiction. In contrast, those who persist
in drinking are likely to be the most entrenched drink-
ers. Recent studies in Sweden [62] and Australia [63]
have highlighted high prevalence of heavy and frequent
risky drinking behaviors among affluent youth. The stud-
ies attributed the behavior to access to protected spaces
away from adult supervision, as well as their considerable
purchasing power. These findings may point to where
instances of risky drinking are concentrated within the
young population. As a result, this group of adolescents
may be more susceptible to the adverse effects of alco-
hol drunkenness, including PSS and other mental health
problems, as demonstrated in other studies [20, 22, 23].
However, as no single theory can adequately explain
the human environment [64], further investigation is
necessary to better understand the underlying reasons
and mechanisms behind this phenomenon. Additional
research can help explore the complex interactions
between FAS, alcohol drunkenness, and PSS among ado-
lescents, providing a more comprehensive understanding
of these relationships.

It is important to note the significant change in asso-
ciation between trends in PSS and alcohol drunkenness,
while no such relationship was observed with other life-
style behaviors. This underscores the likelihood that
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factors beyond lifestyle may play a predominant role in
explaining the increasing trend in PSS among Swedish
adolescents. Previous studies, for example, have linked
trends in PSS to school stress [65], parental support
related to school matters, school liking, or the condu-
civeness of the school physical environment [66]. The
former study associated heightened school stress with an
elevated risk of PSS, while the latter associated increased
parental support, increased school liking, and a condu-
cive school physical environment with a reduction in PSS
trends.

This study has some limitations that need to be con-
sidered in the interpretation of the results. The primary
constraint is the low school response rate in 2018 (47%),
potentially introducing bias and influencing changes in
PSS. Nevertheless, the Public Health Agency of Sweden
[36], the institution responsible for the HBSC data in
Sweden, clarified that nonresponse was random, unre-
lated to school location or type, and should therefore not
impact the results. The agency’s report further explains
that there was no significant difference in the charac-
teristics of the respondents in 2018 compared to those
in previous waves of the HBSC surveys in terms of gen-
der, age, family situation, and country of birth. Incon-
sistencies in measuring alcohol and cigarette smoking
variables affected our choices. We used alcohol drunk-
enness, which reflected lifetime experience, as it was
the only consistently measured alcohol-related variable
across all waves. Although it does not necessarily rep-
resent the current situation, previous research has sug-
gested that harmful drinking on a single occasion can be
associated with mental health problems [20]. Similarly,
slight changes in smoking questions led us to employ
30-day smoking experience in 2018, contrasting with
the measurement of current experience in other waves.
This adjustment could result in an overestimation of the
proportion of smokers within that wave. However, it is
important to note that this irregularity impacts only 17%
of the dataset and may not significantly influence the
overall results. On the other hand, it is worth considering
that smoking rates might not exhibit significant changes
in a mere 30-day interval, as supported by findings from
previous studies [56]. Thus, we do not anticipate bias
from this irregularity. It is also worth mentioning that
the lack of complete data on snus and cannabis lim-
ited our analysis of substance use to cigarette smoking
and alcohol drunkenness. Regarding dietary habits, the
study is based on food consumption frequencies, not
the amount consumed. Evidence from previous studies,
however, shows a strong correlation between food fre-
quency and intake amount [67], and therefore, this may
not have detrimental effects on the results. The absence
of data regarding migration status or the country of ori-
gin of parents or children within the dataset hindered
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the examination of the effects of this crucial variable.
Finally, due to the cross-sectional survey design, we can
only identify associations between PSS and lifestyle fac-
tors, without drawing causal conclusions. Neverthe-
less, previous studies have demonstrated the ability of
repeated (cross-sectional) surveys to effectively estimate
changes over time [3, 6]. The study’s other strength lies
in its analysis of nationally representative data from over
9,000 15-year-old boys and girls, with nearly equal gen-
der representation, and covering a period of more than
15 years. Furthermore, this study can be argued to be the
first to examine the association of trends in lifestyle fac-
tors with trends in PSS across gradients of FAS. In future
studies, it may be valuable to explore the reverse relation-
ship between PSS and lifestyle factors, as this aspect was
not addressed within the scope of our study.

Conclusions

The results of this study indicate increasing trends in PSS
among Swedish adolescents from the year 2002 to 2018.
Apart from the association between drunkenness and
the increasing trend in mean PSS scores among adoles-
cents in the high FAS group, lifestyle factors were not
sufficient to explain the increasing PSS trends in this seg-
ment of the population. This emphasizes the necessity for
additional studies aimed at elucidating the determinants
behind these trends and offering valuable insights for the
development of suitable policy frameworks.
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