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Abstract 

Background  The present analysis aimed to assess the mediating role of psychosocial and behavioural factors 
in socio-economic inequalities in health-related quality of life (HRQoL) among children and adolescents.

Methods  Cross-sectional data was drawn from the randomly selected SEROCoV-KIDS cohort study in Geneva, 
Switzerland. Associations of socio-economic conditions (parents’ highest education, household financial situation) 
with HRQoL, psychosocial (parent–child relationship, school difficulties, friends, extracurricular activities) and behav‑
ioural factors (screen time, physical activity, green spaces time, sleep duration), along with associations of psycho‑
social and behavioural factors with HRQoL, were evaluated with generalized estimating equations. Counterfactual 
mediation analyses were conducted to test pathways linking socio-economic conditions to HRQoL.

Results  Of 965 children and 816 adolescents, those with disadvantaged financial circumstances were more likely 
to have a poor HRQoL (adjusted Odds Ratio [aOR]: 3.80; 95% confidence interval [CI]: 1.96–7.36 and aOR: 3.66; 95%CI: 
2.06–6.52, respectively). Psychosocial characteristics mediated 25% (95%CI: 5–70%) and 40% (95%CI: 18–63%) of finan‑
cial disparities in HRQoL among children and adolescents, respectively. Health behaviours were weakly patterned 
by socio-economic conditions and did not contribute to financial differences in HRQoL.

Conclusions  These findings provide empirical evidence for mechanisms explaining socio-economic disparities 
in child HRQoL and could inform interventions aimed to tackle health inequalities.
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Background
Disadvantaged socio-economic conditions are associated 
with poorer health outcomes among children and ado-
lescents [1]. This relationship takes the form of a gradi-
ent and has consistently been found for different physical 
and mental health conditions [1]. Examples range from 
asthma to attention deficit hyperactivity disorder [2, 3], 
and also include broader subjective health outcomes such 
as health-related quality of life (HRQoL) [4, 5], a widely 
used indicator of overall well-being reflecting individual’s 
perception of physical, emotional and social health [6].

Psychosocial and behavioural pathways have commonly 
been proposed to explain socio-economic inequalities 
in health [7]. Children and adolescents from disadvan-
taged backgrounds are at increased risk of feeling a lack 
of control over their life and of having limited interper-
sonal resources to rely on [7]. Furthermore, research has 
shown that they experience reduced social participation 
[8], increased school difficulties [9] and family strain [10]. 
Moreover, despite some inconsistent evidence [11, 12], 
systematic reviews showed that children and adolescents 
with adverse socio-economic conditions tend to engage 
more often in unhealthy behaviours, including excessive 
recreational screen time [13], low level of physical activ-
ity [14] and short sleep duration [15]. In turn, psychoso-
cial and behavioural risk factors are generally related to 
worse HRQoL [16, 17].

There is ample evidence for a meaningful contribu-
tion of psychosocial and behavioural factors in socio-
economic disparities in health and HRQoL among adults 
[18–20] and adolescents [16, 21–23]. Among children, 
previous reports show that socio-economic inequalities 
in HRQoL could partially be explained by variations in 
parenting practices and parental mental health [24, 25]. 
Finally, one study conducted in China found that dietary 
behaviours and the home literacy environment mediated 
the association between socio-economic conditions and 
quality of life among participants aged 9 to 14 years old 
[26]. However, to the best of our knowledge, research 
examining both psychosocial and behavioural media-
tors of socio-economic disparities in HRQoL specifically 
among children is lacking. Yet, focusing on children and 
adolescents separately is important since explanatory 
patterns could differ [27]. A detailed understanding of 
the mechanisms by which socio-economic circumstances 
shape children’s and adolescents’ HRQoL is needed as it 
could support public health decision-makers and inform 
the design of relevant interventions. Beyond young peo-
ple’s current well-being, this is of particular relevance 
given that childhood experiences influence later health 
outcomes [7].

In this context, we aimed to examine the extent to 
which psychosocial factors and health behaviours 

mediate the association between socio-economic condi-
tions and HRQoL. We used a population-based sample 
of children and adolescents from Geneva, Switzerland, 
which is characterized by good public education, low 
unemployment rate, comparatively high quality of life, 
and yet persistent socio-economic inequalities in health 
[5, 28]. Given evidence among adults and adolescents, we 
hypothesised that psychosocial and behavioural factors 
would partially mediate this association.

Methods
Study design
Data was drawn from the baseline assessment of the 
SEROCoV-KIDS cohort study and from a COVID-19 
serosurvey [29], which shared similar recruitment and 
data collection procedures. In both studies, inclusion cri-
teria were 1) to be aged between 6 months and 17 years 
old, 2) to live in the canton of Geneva, Switzerland, and 
3) to have been (or have a sibling) randomly selected 
from population registries, or to be part of the household 
of a randomly selected individual for previous studies 
conducted by our research group. Incentive for participa-
tion included a free anti-SARS-CoV-2 serological testing. 
The Geneva Cantonal Commission for Research Ethics 
approved the study. One referent parent (or legal guard-
ian) per household, as well as adolescents aged 14 years 
or older provided written informed consent to partici-
pate; children gave oral assent.

Data collection took place between December 2021 and 
June 2022. Referent parents completed a health and life-
style questionnaire on behalf of each of their participat-
ing children, as well as a health and socio-demographic 
questionnaire about themselves and their household. 
Participants aged 14  years and older were additionally 
invited to complete a health and a lifestyle questionnaire 
specifically tailored for their age group. Data was col-
lected through the online and secure platform specchio-
hub.ch.

Analytical sample
We restricted the current analyses to children and ado-
lescents aged 6 to 17  years because some psychoso-
cial data under study (e.g. school difficulties, number of 
friends) were not collected in younger SEROCoV-KIDS 
participants. Additionally, four individuals whose sex 
was reported as other were excluded because of the low 
number of occurrence and one was excluded due to 
missing data on all health behaviours. The final sample 
included 1781 participants and was stratified into chil-
dren aged 6–11 years old (n = 965) and adolescents aged 
12–17 years old (n = 816) to assess differences according 
to age (Supplementary Fig. 1).
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Conceptual approach
To guide variable choice and modelling decisions, 
hypothesised pathways between socio-economic expo-
sures, psychosocial and behavioural mediators, HRQoL 
outcome, and their confounders were drawn in a directed 
acyclic graph (DAG) based on a scoping literature review 
(Fig. 1). Socio-economic conditions were described with 
parental education and household financial situation 
to capture both social and economic aspects of disad-
vantage [7]. HRQoL was chosen as a widely recognized 
multidimensional construct reflecting individual’s per-
ception of overall well-being [6]. Psychosocial and behav-
ioural mediators were selected based on previous report 
to encompass a broad range of children’s functioning and 
habits across different areas of life [16]. Confounders 
were of two types: socio-demographic factors (age, sex, 
migration background), considered to be covariates of all 
associations, and confounders of the mediator—outcome 
relationship (chronic condition, parental mental health), 
assumed to be affected by the socio-economic exposure 
according to the social causation hypothesis [30].

Measures
The conceptual approach was operationalized with the 
following variables reported by the referent parent, 
unless otherwise stated.

Exposures – socio‑economic conditions
The parents’ highest education was obtained from com-
bining the educational level (“college” vs "lower than col-
lege”) of both parents. In case of single parent household 

or of missing data on the second parent, only the educa-
tion of the referent parent was considered. The house-
hold financial situation was categorized into “very good”, 
if parents had a comfortable financial situation in which 
they could easily save money, and “good” if they could 
cover their needs and face minor unexpected expenses. 
Due to the low number of occurrences, answers such as 
“I have to be careful with my expenses, and unexpected 
expenses could put me into financial difficulties” or “I am 
not able to cover my needs with my income and I need 
external support” were grouped into an “average-to-
poor” category.

Mediators – psychosocial factors and health behaviours
We considered the following psychosocial factors, cov-
ering family, social and educational dimensions, namely 
parent–child relationship (“good” vs “less than good”), 
the number of close friends (“two or more” vs “one or 
none”), school difficulties (“no” vs “yes”), and engagement 
in any extracurricular activity (“yes” vs “no”). Because 
of the small number of observations in some categories, 
variables were dichotomised as described in the Supple-
mentary Table 1.

Regarding health behaviours, leisure screen time, phys-
ical activity and sleep duration were reported in hours 
per day by parents (self-report of screen time from 14 
years old) for both week and weekend days. For each 
behaviour, the average time per day was calculated as: 
(week time × 5 + weekend time × 2) / 7. Adherence to 
behaviour recommendations was then defined using age-
specific thresholds from the World Health Organization’s 

Fig. 1  Directed acyclic graph (DAG) of the association between socio-economic conditions, psychosocial factors, health behaviours and health 
indicator. Dashed lines indicate confounding pathways. Age, sex and migration background are considered to be covariates of all associations; 
arrows are not drawn for readability. DAG of the models with psychosocial and behavioural mediators only are presented in Supplementary Figs. 2 
and 3, respectively
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guidelines [31], when available, or from the Cana-
dian 24-Hour Movement Guidelines otherwise [32], as 
detailed in the Supplementary Table  1. Time spent in 
green spaces was collected in hours per week and dichot-
omized by combining the middle and highest tertiles to 
form an “average to high” category in comparison to the 
lowest tertile, as no guideline was found (Supplementary 
Table 1).

Outcome – health‑related quality of life
HRQoL was measured with the French version of the 
Pediatric Quality of Life Inventory (PedsQL) Short Form 
[33]. The scale was parent-reported for children aged 
6 to 13 years, and self-reported for those aged 14 years 
and older. The total score had a good internal consist-
ency (α = 0.85) and was dichotomized using published 
thresholds to identify individuals with a poor HRQoL 
and provide clinically interpretable estimates [33] (Sup-
plementary Table 1).

Confounders
Age, sex, migration background, chronic condition, 
and parental mental health were additionally included. 
Migration background was characterized by the parents’ 
country of birth and dichotomized into “At least one par-
ent born in Switzerland” vs “Parents born abroad”. In case 
of single parent household or of missing data, only the 
country of birth of the referent parent was considered. 
Child chronic condition was defined by the reported 
diagnosis of a physical or mental behavioural and neu-
rodevelopmental disorder lasting more than six months. 
The self-reported mental health of the referent parent 
was dichotomized into “good” (“very good” or “good”) vs 
“average-to-poor” (“average”, “poor” or “very poor”).

Statistical analyses
The exposures – outcome, exposure – mediators and 
mediators – outcome associations were evaluated with 
generalized estimating equations (GEE). This approach 
enabled to account for the clustering of data within 
households as some participants were siblings (number 
of households: 735 and 629, mean number of included 
children per household [standard deviation]: 1.31 [0.51] 
and 1.30 [0.50] in the children and adolescents samples, 
respectively). GEE were defined as following a binomial 
distribution and parametrized with an exchangeable 
covariance matrix using the R geepack package [34]. Fol-
lowing the DAG (Fig.  1), the associations of socio-eco-
nomic conditions with psychosocial factors and health 
behaviours, as well as with HRQoL were controlled for 
age, sex and migration background, while the regres-
sion of HRQoL on psychosocial and behavioural factors 
was further adjusted for chronic condition and parental 

mental health. Assuming variables missing at random, 
multiple imputation was performed by chained equations 
with 10 repetitions using the R mice package [35], and 
with all the above-mentioned variables as predictors.

Counterfactual mediation analyses of the relationship 
between socio-economic conditions and HRQoL were 
conducted for each exposure (parents’ highest educa-
tion, household financial situation) and with each group 
of mediators (psychosocial, behavioural, all), without 
assuming any specific pathways between the mediators. 
The use of counterfactual approach for mediation analy-
sis has been recommended in recent literature as it relies 
on general definitions of direct and indirect effects that 
hold in case of non-linearity or interactions [36]. Logis-
tic marginal structural models proposed by VanderWeele 
and Tchetgen Tchetgen [37] and implemented in the the 
R CMAverse package [38] were used to estimate direct, 
indirect and total effects, as well as the proportion medi-
ated calculated as: direct effect × (indirect effect – 1) / 
(total effect – 1). This approach was used because it ena-
bles to relax the often unrealistic assumption of absence 
of mediator—outcome confounders affected by the expo-
sure, by explicitly including them [37]. However, this 
method can only handle categorical mediators, hence the 
dichotomization of continuous behavioural mediators. 
Missing data was handled with multiple imputation using 
the built-in function of the package and confidence inter-
vals calculated using bootstraps with 1000 repetitions. In 
sensitivity analyses, E-values were calculated to estimate 
the minimal strength of association that an unmeasured 
confounder should have with both the exposure and out-
come to explain away the observed effect.

All analyses were stratified by age to account for the 
fact that the associations under study may vary depend-
ing on the age group [27]. Estimations were performed 
with R 4.2.2.

Results
Analyses included 965 children aged 6–11  years old 
(mean age: 8.7  years, 47.6% girls) and 816 adolescents 
aged 12–17 years old (mean age: 14.3 years; 52.1% girls). 
Twelve percent of individuals had at least one missing 
information and variable missingness ranged from 0 to 
8% (Table 1). Overall, 9.4% of children and 16.7% of ado-
lescents had a poor HRQoL. The distribution of psycho-
social and behavioural factors also varied according to 
age group, adolescents generally displaying less favour-
able characteristics (Table 1).

Compared with a very good household financial situa-
tion, average-to-poor circumstances were associated with 
a poor HRQoL among both children (adjusted odds ratio 
[aOR]: 3.80; 95% Confidence Interval [CI]: 1.96–7.36) and 
adolescents (aOR: 3.66; 95% CI: 2.06–6.52), while good 
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circumstances were only related to a poor HRQoL among 
children (aOR: 2.41; 95% CI: 1.29–4.49, Table 2). A lower 
parental education was a risk factor for a poor HRQoL 
among children (aOR: 2.96; 95% CI: 1.80–4.89), but not 
among adolescents (aOR: 1.54; 95% CI: 0.95–2.50).

Children living in households with an average-to-poor 
financial situation were more likely to display psycho-
social risk factors, such as few close friends (aOR: 3.80; 
95% CI: 1.96–7.36), school difficulties (aOR: 2.01; 95% 
CI: 1.00–4.04), and no engagement in extracurricular 
activities (aOR: 8.01; 95% CI: 2.16–29.68, Table 2). Simi-
lar trends were observed among adolescents (Table  2). 
Results concerning health behaviours were mixed; an 
average-to-poor financial situation was solely related to 
a lower adherence to sleep guidelines among children 
(aOR: 1.78; 95% CI: 1.10—2.89). Patterns were similar 
when examining the parents’ highest education as socio-
economic indicator (Table 2).

Finally, except for school difficulties among children, 
all psychosocial risk factors were associated with a poor 
HRQoL in both age groups (Table 3). Children not meet-
ing sleep duration guidelines (aOR: 1.84; 95% CI: 1.08–
3.14), as well as adolescents not adhering to screen time 
(aOR: 2.33; 95% CI: 1.39–3.91) and physical activity rec-
ommendations (aOR: 1.52; 95% CI: 1.00–2.31) were also 
more likely to experience a poor HRQoL (Table 3).

Socio-economic conditions were associated with 
HRQoL as well as with psychosocial risk factors that in 
turn also influenced HRQoL, which provided the ration-
ale for conducting mediation analyses. Support for a 
pathway linking socio-economic conditions and HRQoL 
through health behaviours was not consistent but we 
still decided to explore it further with formal mediation 
analyses.

The counterfactual mediation analyses showed that 
the direct effect of socio-economic conditions on 
HRQoL was larger than their indirect effects through 
psychosocial or behavioural mediators (Fig.  2, Supple-
mentary Table 2). Among children, psychosocial risk fac-
tors explained 25% (95% CI: 5–70%) of the association 
between the household financial situation and HRQoL; 
the combination of psychosocial and behavioural fac-
tors mediated 37% (95% CI: 10–78%) of the association 
(Fig.  2). Among adolescents, psychosocial risk factors 
accounted for 40% (95% CI: 18–63%) of the financial dif-
ferences in HRQoL, while the indirect effect of health 
behaviours was not significant. When examining the 
parents’ highest education as socio-economic indica-
tor, differences in HRQoL were only explained by psy-
chosocial factors among children (proportion mediated: 
26%; 95% CI: 8–45%, Supplementary Table  2). In sensi-
tivity analyses, E-values of the total, direct and indirect 
effects ranged between 1.17 and 7.57 on the odds ratio 

Table 1  Socioeconomic, psychosocial, behavioural, and health 
characteristics of children and adolescents

Children 
6–11 years old
(n = 965)

Adolescents 
12–17 years old
(n = 816)

n (%) n (%)

Socioenomic conditions

Parents’ highest education

  College or higher 805 (83.7) 652 (80.0)

  Lower than college 157 (16.3) 163 (20.0)

  Missing 3 1

Household financial situation

  Very good 326 (36.8) 275 (36.4)

  Good 391 (44.1) 335 (44.4)

  Average to poor 170 (19.2) 145 (19.2)

  Missinga 78 61

Psychosocial factors

Parent–child relationship

  Good 811 (84.0) 623 (76.3)

  Less than good 154 (16.0) 193 (23.7)

Friends

  Two or more 757 (78.7) 641 (79.0)

  One or none 205 (21.3) 170 (21.0)

  Missing 3 5

School difficulties

  No 907 (94.2) 726 (89.0)

  Yes 56 (5.8) 90 (11.0)

  Missing 2 0

Extracurricular activity

  Yes 915 (94.8) 683 (83.7)

  No 50 (5.2) 133 (16.3)

Health behaviours

Leisure screen time

  Meets recommendations 867 (89.9) 310 (40.3)

  Does not meet recommendations 97 (10.1) 460 (59.7)

  Missing 1 46

Physical activity

  Meets recommendations 706 (73.3) 469 (57.6)

  Does not meet recommendations 257 (26.7) 345 (42.4)

  Missing 2 2

Green spaces time

  Average to long 633 (66.4) 333 (41.3)

  Little 320 (33.6) 474 (58.7)

  Missing 12 9

Sleep duration

  Meets recommendations 819 (85.0) 571 (70.0)

  Does not meet recommendations 144 (15.0) 245 (30.0)

  Missing 2 0

Health outcome

Health-related quality of life

  Good 873 (90.6) 642 (83.3)

  Poor 91 (9.4) 129 (16.7)

  Missing 1 45

a  Among which, 69 and 58, respectively, chose the option “I do not wish to answer”
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scale. This corresponded to the minimal effect size that 
an unmeasured confounder should have for the observed 
effects to be explained away (Supplementary Table 2).

Discussion
The present analyses showed that the greater the socio-
economic disadvantage, the higher the risk of experienc-
ing a poor health-related quality of life in children and 
adolescents. Part of the disparities found in our sample 
were explained by differences in psychosocial risk fac-
tors. Health behaviours did not seem to mediate socio-
economic disparities in health-related quality of life.

The observed adverse effect of disadvantaged socio-
economic conditions on the health of young people was 
in line with the existing body of literature [1]. It is worth 
noting that this study took place two years after the onset 
of the COVID-19 pandemic. Although sanitary meas-
ures were relatively light in Switzerland [39] and most of 

them were lifted at that time, it might reflect a situation 
with exacerbated health inequalities. Indeed, we previ-
ously showed that children with social and family vulner-
abilities were particularly impacted by the pandemic and 
related restrictions, which in turn was associated with 
poorer health outcomes [40]. Interestingly, an average-
to-poor financial situation was associated with a poor 
quality of life in both age groups, while this was only true 
for younger children when examining the parental edu-
cation as socio-economic indicator. This might be related 
to the decreasing influence of parental education on ado-
lescents as they pursue their own education, even though 
they continue to rely on their parents financially [41]. It 
supports the idea that the effect of a disadvantaged back-
ground on young people’s health may vary according to 
age [27].

We showed that psychosocial risk factors medi-
ated about 25% of socio-economic inequalities in 

Table 3  Association of psychosocial risk factors and health behaviours with health-related quality of life

Results are adjusted Odds Ratios (aOR) and 95% confidence intervals (CI) from generalized estimating equations model following a binomial distribution, adjusted for 
age, sex, migration background, child’s lasting medical condition and parental mental health. Missing data are imputed by chained equations

Poor health-related quality of life

Children
6–11 years old (n = 965)

Adolescents
12–17 years old (n = 816)

aOR (95% CI) aOR (95% CI)

Psychosocial risk factors

Parent–child relationship
  Good Ref Ref

  Less than good 2.02 (1.17—3.47) 2.91 (1.84—4.63)

Number of friends
  Two or more Ref Ref

  One or none 1.78 (1.12—2.82) 1.74 (1.09—2.77)

School difficulties
  No Ref Ref

  Yes 1.96 (0.93—4.13) 2.63 (1.53—4.52)

Engagement in extracurricular activity
  Yes Ref Ref

  No 4.77 (2.43—9.37) 2.03 (1.20—3.44)

Health behaviours

Recreational screen time
  Meets the recommendations Ref Ref

  Does not meet the recommendations 1.44 (0.78—2.68) 2.33 (1.39—3.91)

Physical activity
  Meets the recommendations Ref Ref

  Does not meet the recommendations 1.46 (0.90—2.39) 1.52 (1.00—2.31)

Green spaces time
  Average to high Ref Ref

  Low 1.31 (0.81—2.12) 1.22 (0.78—1.88)

Sleep duration
  Meets the recommendations Ref Ref

  Does not meet the recommendations 1.84 (1.08—3.14) 1.27 (0.83—1.96)
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health-related quality of life among children, while 
health behaviours did not play a role. To the best of 
our knowledge, these are the first analyses of this kind 
focused specifically on children [16, 26]. Our find-
ings thus contribute to a more comprehensive under-
standing of health inequalities by providing empirical 
evidence for the pathways linking socio-economic con-
ditions to quality of life among children [7]. Addi-
tionally, we found that psychosocial characteristics 

explained 40% of financial disparities in health-related 
quality of life among adolescents, which was similar 
to the 39% found by Moor et  al. [16] who focused on 
economic inequalities in self-rated health among ado-
lescents with similar mediators. This relatively large 
contribution of psychosocial risk factors to subjective 
health disparities might be explained by the impor-
tance of social and school dimensions for young peo-
ple’s life [42].

Fig. 2  Mediation of psychosocial risk factors and health behaviours in the association between household financial situation and health-related 
quality of life among children (6–11 years old) and adolescents (12–17 years old). PM: proportion of the total effect mediated by the indirect effect 
of psychosocial and/or behavioural factors. Results are from logistic marginal structural models adjusted for age, sex and migration background, 
as well as for chronic condition and parental mental health as mediator—outcome confounders affected by the exposure
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In our sample, health behaviours were not strongly 
patterned by socio-economic conditions, which echoes 
previous conclusions from systematic reviews [11, 12]. 
Furthermore, they were only weakly related to health-
related quality of life. This reflects context-dependent 
findings from a cross-national study in which meeting 
screen time, physical activity and sleep duration recom-
mendations was related to a better health-related qual-
ity of life in Australia and in Canada, but not in Finland 
and in Portugal. [17]. These weak and inconsistent asso-
ciations explain why health behaviours did not mediate 
socio-economic differences in quality of life in our set-
ting. Conversely, existing studies found a significant role 
of health behaviours in general health inequalities [18, 20, 
21]. Apart from the different context, it could be because 
of the inclusion of additional important mediators. For 
example, Moor et al. [16] found the contribution of fruits 
and vegetables intake to be relatively large among ado-
lescents, while we did not assess dietary habits. Smok-
ing and alcohol consumption have also been identified as 
key behaviours to explain the socio-economic gradient in 
health among adults, but was less relevant in our paedi-
atric setting [18]. Finally, it could be that socio-economic 
differences in health behaviours increase in adulthood 
[43], and that their effect on health accumulates over 
time, which could explain why findings are much clearer 
among adults [18].

Between 60 and 75% of socio-economic inequalities 
in health-related quality of life of children and adoles-
cents remained unexplained by the putative mechanisms 
examined, which suggests the existence of other mean-
ingful pathways. Beyond the unassessed health behav-
iours mentioned above, other non-included psychosocial 
characteristics could have played a role. For example, 
Straatmann et  al. [44] observed that adverse childhood 
experiences prospectively mediated the association of 
socio-economic conditions at birth with behavioural 
problems, cognitive disability and excess weight at 14 
years old. Cognitive characteristics, such as pessimism, 
were also shown to explain part of the relationship 
between socio-economic conditions and children’s emo-
tional problems [45]. Other pathways including envi-
ronmental exposures could also be considered. Hence, 
disadvantaged circumstances were shown to be a risk fac-
tor for poor housing and neighborhood quality, which in 
turn was associated with a poorer self-rated health [46].

Our findings should be interpreted in light of their 
limitations. First, our analyses relied mostly on parent-
reported data, as it is generally the case in large scale 
population-based studies on children [47]. Highly edu-
cated individuals may be more prone to social desir-
ability bias [48] and may overreport valued social and 
behavioural factors to a greater extent, leading to an 

overestimation of the mediating effects. Second, the tem-
porality underlying the mediation could not be assessed 
due to the cross-sectional nature of data and associations 
may be reverse. For example, a good quality of life could 
give the opportunity for positive social interactions and 
healthy behaviours, or poor parental mental health could 
negatively impact the household socioeconomic circum-
stances. However, this is not expected to alter the effect 
of family socio-economic conditions on children, since 
they are likely to occur before the development of their 
psychosocial, behavioural and quality of life characteris-
tics. Finally, the method used for the mediation analyses 
did not enable to estimate the effect of each individual 
mediator nor to account for the household clustering of 
participants. Yet, it is reassuring to note that the conclu-
sions were coherent with our expectations based on the 
results of the GEE that included the household effect. 
The study also presents major strengths, including the 
random selection of a sizeable sample of young peo-
ple encompassing a large age range, which enhances the 
generalizability of our results. The inclusion of multiple 
psychosocial and behavioural indicators as mediators, as 
well as the statistical adjustment for relevant mediator – 
outcome confounders affected by the exposure further 
adds to the robustness of our findings.

Conclusion
Socio-economically disadvantaged children and ado-
lescents had a poorer quality of life than their more 
privileged counterparts, which was partly explained 
by differences in psychosocial risk factors. These find-
ings provide empirical evidence supporting theorized 
pathways to socio-economic disparities in child health, 
and give insight into promising areas of interventions to 
tackle children’s inequalities in quality of life.

Although structural changes are paramount to tackle 
the roots of health inequalities [49], this study indicates 
that psychosocial aspects could represent an effective 
target for public policies and interventions addressing 
well-being equity among young people [50]. Measures 
may for example focus on providing children and ado-
lescents with various opportunities for social engage-
ment and enabling the development of positive school 
and family environments. However, there is no one-
size-fits-all solution and interventions should be devel-
oped in partnership with the communities they serve to 
ensure they are contextually appropriate and relevant 
[51]. Finally, following the principle of proportionate 
universalism, such policies should aim at improving 
the quality of life over the whole socio-economic gradi-
ent by targeting all children but with varying intensity 
according to the needs to improve both their present 
and future health [49].



Page 10 of 11Richard et al. BMC Public Health         (2024) 24:2986 

Abbreviations
aOR	� Adjusted Odds Ratio
CI	� Confidence interval
DAG	� Directed acyclic graph
GEE	� Generalised estimating equations
HRQoL	� Health-related quality of life
PM	� Proportion mediated

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12889-​024-​20393-0.

Supplementary Material 1.

Acknowledgements
We are grateful to the staff of the Unit of Population Epidemiology of the Divi‑
sion of Primary Care Medicine of the University Hospitals of Geneva, as well as 
to all participants whose contributions were invaluable to the study. We also 
thank Dr Dusan Petrovic for his precious inputs on mediation analyses and our 
two anonymous reviewers whose careful and insightful revision helped us to 
improve the manuscript.

SEROCoV‑KIDS study group
Deborah Amrein, Antoine Bal, Rémy P. Barbe, Hélène Baysson, Julie Berthelot, 
Patrick Bleich, Livia Boehm, Aminata R. Bouchet, Gaëlle Bryand, Viola Bucolli, 
Prune Collombet, Vladimir Davidovic, Carlos de Mestral, Paola D’Ippolito, 
Richard Dubos, Roxane Dumont, Nacira El Merjani, Natalie Francioli, Clément 
Graindorge, Idris Guessous, Munire Hagose, Séverine Harnal, Omar Kherad, 
Julien Lamour, Pierre Lescuyer, Arnaud G L’Huillier, Andrea Loizeau, Elsa 
Lorthe, Chantal Martinez, Stéphanie Mermet, Mayssam Nehme, Natacha Noël, 
Francesco Pennacchio, Javier Perez-Saez, Anne Perrin, Didier Pittet, Klara M. 
Posfay-Barbe, Jane Portier, Géraldine Poulain, Caroline Pugin, Nick Pullen, Vivi‑
ane Richard, Deborah Rochat, Cyril Sahyoun, Irine Sakvarelidze, Khadija Samir, 
Hugo Alejandro Santa Ramirez, Jessica Rizzo, Stephanie Schrempft, Claire 
Semaani, Silvia Stringhini, Stéphanie Testini, Yvain Tisserand, Deborah Urrutia 
Rivas, Charlotte Verolet, Jennifer Villers, Guillemette Violot, María-Eugenia 
Zaballa & Christina Zavlanou.

Generative AI and AI‑assisted technologies in the writing process
Generative AI was used to improve the wording and readability of the 
manuscript.

Authors’ contributions
All authors contributed to the study conception and design. Material prepara‑
tion and data collection were performed by VR, RD, EL, AL, HB, S. Schrempft, 
MEZ, JL, and S. Stringhini. RB, KPB, IG, and S. Stringhini supervised the study. 
Analyses were performed by VR who also wrote the first draft of the manu‑
script. All authors critically revised the previous versions of the manuscript. All 
authors read and approved the final manuscript.

Funding
Open access funding provided by University of Geneva Federal Office of 
Public Health of Switzerland, Jacobs Foundation, General Directorate of Health 
in Geneva canton, and Private Foundation of the Geneva University Hospitals. 
The funders of the study had no role in the study design, data collection, data 
analysis, data interpretation, or writing of this article.

Data availability
The datasets used during the current study are available from the correspond‑
ing author on reasonable request.

Declarations

Ethics approval and consent to participate
The Geneva Cantonal Commission for Research Ethics approved the study (IDs 
2020–00881 & 2021–01973). All referent adults, as well as adolescents aged 
14 years or older provided written informed consent to participate. Children 
gave oral assent to participate.

Consent for publication
Not applicable.

Competing interests
KPB is a member of the Advisory Boards for pneumococcal vaccine and 
varicella vaccine at MSD. The other authors have no relevant financial or non-
financial interests to disclose.

Received: 30 January 2024   Accepted: 14 October 2024

References
	1.	 Pillas D, Marmot M, Naicker K, Goldblatt P, Morrison J, Pikhart H. Social 

inequalities in early childhood health and development: a European-
wide systematic review. Pediatr Res. 2014;76(5):418–24.

	2.	 Uphoff E, Cabieses B, Pinart M, Valdés M, Antó JM, Wright J. A systematic 
review of socioeconomic position in relation to asthma and allergic 
diseases. Eur Respir J. 2015;46(2):364–74.

	3.	 Markham WA, Spencer N. Factors that mediate the relationships between 
household socio-economic status and childhood Attention Deficit 
Hyperactivity Disorder (ADHD) in children and adolescents: a systematic 
review. PLoS ONE. 2022;17(3): e0262988.

	4.	 Spurrier NJ, Sawyer MG, Clark JJ, Baghurst P. Socio-economic differentials 
in the health-related quality of life of Australian children: results of a 
national study. Aust N Z J Public Health. 2003;27(1):27–33.

	5.	 Rajmil L, Herdman M, Ravens-Sieberer U, Erhart M, Alonso J, The European 
KIDSCREEN group. Socioeconomic inequalities in mental health and 
health-related quality of life (HRQOL) in children and adolescents from 11 
European countries. Int J Public Health. 2014;59(1):95–105.

	6.	 Ravens-Sieberer U, Gosch A, Abel T, Auquier P, Bellach BM, Bruil J, et al. 
Quality of life in children and adolescents: a European public health 
perspective. Soz Praventivmed. 2001;46(5):294–302.

	7.	 Pearce A, Dundas R, Whitehead M, Taylor-Robinson D. Pathways to 
inequalities in child health. Arch Dis Child. 2019;104(10):998–1003.

	8.	 Schneider BH, Richard JF, Younger AJ, Freeman P. A longitudinal explora‑
tion of the continuity of children’s social participation and social with‑
drawal across socioeconomic status levels and social settings. Eur J Soc 
Psychol. 2000;30(4):497–519.

	9.	 Sirin SR. Socioeconomic status and academic achievement: A meta-
analytic review of research. Rev Educ Res. 2005;75:417–53.

	10.	 Blume M, Rattay P, Hoffmann S, Spallek J, Sander L, Herr R, et al. Health 
inequalities in children and adolescents: a scoping review of the mediat‑
ing and moderating effects of family characteristics. Int J Environ Res 
Public Health. 2021;18(15): 7739.

	11.	 Biddle SJH, Atkin AJ, Cavill N, Foster C. Correlates of physical activity in 
youth: a review of quantitative systematic reviews. Int Rev Sport Exerc 
Psychol. 2011;4(1):25–49.

	12.	 Stierlin AS, De Lepeleere S, Cardon G, Dargent-Molina P, Hoffmann B, Mur‑
phy MH, et al. A systematic review of determinants of sedentary behav‑
iour in youth: a DEDIPAC-study. Int J Behav Nutr Phys Act. 2015;12(1):133.

	13.	 Mielke GI, Brown WJ, Nunes BP, Silva ICM, Hallal PC. Socioeconomic 
correlates of sedentary behavior in adolescents: systematic review and 
meta-analysis. Sports Med. 2017;47(1):61–75.

	14.	 Sterdt E, Liersch S, Walter U. Correlates of physical activity of chil‑
dren and adolescents: a systematic review of reviews. Health Educ J. 
2014;73(1):72–89.

	15.	 Zhang Z, Sousa-Sá E, Pereira JR, Okely AD, Feng X, Santos R. Correlates of 
sleep duration in early childhood: a systematic review. Behav Sleep Med. 
2021;19(3):407–25.

	16.	 Moor I, Rathmann K, Stronks K, Levin K, Spallek J, Richter M. Psychosocial 
and behavioural factors in the explanation of socioeconomic inequali‑
ties in adolescent health: a multilevel analysis in 28 European and North 
American countries. J Epidemiol Community Health. 2014;68(10):912–21.

	17.	 Sampasa-Kanyinga H, Standage M, Tremblay MS, Katzmarzyk PT, Hu G, 
Kuriyan R, et al. Associations between meeting combinations of 24-h 
movement guidelines and health-related quality of life in children from 
12 countries. Public Health. 2017;153:16–24.

https://doi.org/10.1186/s12889-024-20393-0
https://doi.org/10.1186/s12889-024-20393-0


Page 11 of 11Richard et al. BMC Public Health         (2024) 24:2986 	

	18.	 Petrovic D, de Mestral C, Bochud M, Bartley M, Kivimäki M, Vineis P, et al. 
The contribution of health behaviors to socioeconomic inequalities in 
health: A systematic review. Prev Med. 2018;113:15–31.

	19.	 Matthews KA, Gallo LC, Taylor SE. Are psychosocial factors mediators 
of socioeconomic status and health connections? Ann N Y Acad Sci. 
2010;1186(1):146–73.

	20.	 Moor I, Spallek J, Richter M. Explaining socioeconomic inequalities in self-
rated health: a systematic review of the relative contribution of material, 
psychosocial and behavioural factors. J Epidemiol Community Health. 
2017;71(6):565–75.

	21.	 Moreno-Maldonado C, Ramos P, Moreno C, Rivera F. Direct and indirect 
influences of objective socioeconomic position on adolescent health: the 
mediating roles of subjective socioeconomic status and lifestyles. Int J 
Environ Res Public Health. 2019;16(9): 1637.

	22.	 Salonna F, Geckova AM, Zezula I, Sleskova M, Groothoff JW, Reijneveld 
SA, et al. Does social support mediate or moderate socioeconomic 
differences in self-rated health among adolescents? Int J Public Health. 
2012;57(3):609–17.

	23.	 Gomes AC, Rebelo MAB, de Queiroz AC, de Queiroz Herkrath APC, Her‑
krath FJ, Rebelo Vieira JM, et al. Socioeconomic status, social support, oral 
health beliefs, psychosocial factors, health behaviours and health-related 
quality of life in adolescents. Qual Life Res. 2020;29(1):141–51.

	24.	 Ji J, Sun X, Zhang Z, Cai Y. Socioeconomic status and child quality 
of life: the mediating roles of parenting practices. Child Indic Res. 
2023;16(3):1073–95.

	25.	 Ashiabi GS, O’Neal KK. Children’s health status: examining the associa‑
tions among income poverty, material hardship, and parental factors. 
PLoS ONE. 2007;2(9): e940.

	26.	 Huang X, Hua L, Zhou X, Zhang H, Zhang M, Wang S, et al. The association 
between home environment and quality of life in children and adoles‑
cents in Hangzhou City, China. J Child Fam Stud. 2021;30(6):1416–27.

	27.	 Chen E, Matthews KA, Boyce WT. Socioeconomic differences in children’s 
health: How and why do these relationships change with age? Psychol 
Bull. 2002;128:295–329.

	28.	 OECD. Education at a Glance 2024: OECD Indicators. OECD; 2024. (Educa‑
tion at a Glance). Available at: https://​gpsed​ucati​on.​oecd.​org/​Count​ryPro​
file?​prima​ryCou​ntry=​CHE&​tresh​old=​10&​topic=​EO

	29.	 Zaballa ME, Perez-Saez J, de Mestral C, Pullen N, Lamour J, Turelli P, et al. 
Seroprevalence of anti-SARS-CoV-2 antibodies and cross-variant neutrali‑
zation capacity after the Omicron BA.2 wave in Geneva, Switzerland: a 
population-based study. Lancet Reg Health Eur. 2022;24:100547.

	30.	 Kröger H, Pakpahan E, Hoffmann R. What causes health inequality? A sys‑
tematic review on the relative importance of social causation and health 
selection. Eur J Pub Health. 2015;25(6):951–60.

	31.	 World Health Organization. WHO guidelines on physical activity and 
sedentary behaviour. Geneva: World Health Organization; 2020. https://​
www.​who.​int/​publi​catio​ns/i/​item/​97892​40015​128.

	32.	 Canadian Society for Exercise Physiology. Canadian 24-hour movement 
guidelines for the children and youth (5–17 years): an integration of 
physical activity, sedentary behaviour, and sleep. 2016. https://​csepg​uidel​
ines.​ca/​guide​lines/​child​ren-​youth/.

	33.	 Varni JW, Burwinkle TM, Seid M, Skarr D. The PedsQLTM* 4.0 as a Pediatric 
Population Health Measure: Feasibility, Reliability, and Validity. Ambula‑
tory Pediatr. 2003;3(6):329–41.

	34.	 Højsgaard S, Halekoh U, Yan J. The R package geepack for generalized 
estimating equations. J Stat Softw. 2006;15:1–11.

	35.	 van Buuren S, Groothuis-Oudshoorn K. mice: multivariate imputation by 
chained equations in R. J Stat Softw. 2011;45:1–67.

	36.	 Rijnhart JJM, Valente MJ, MacKinnon DP, Twisk JWR, Heymans MW. The 
use of traditional and causal estimators for mediation models with a 
binary outcome and exposure-mediator interaction. Struct Equ Model. 
2021;28(3):345–55.

	37.	 VanderWeele TJ, Tchetgen Tchetgen EJ. Mediation analysis with time 
varying exposures and mediators. J R Stat Soc Ser B Stat Methodol. 
2017;79(3):917–38.

	38.	 Shi B, Choirat C, Coull BA, VanderWeele TJ, Valeri L. CMAverse: a suite of 
functions for reproducible causal mediation Analyses. Epidemiology. 
2021;32(5): e20.

	39.	 Hale T, Angrist N, Goldszmidt R, Kira B, Petherick A, Phillips T, et al. A global 
panel database of pandemic policies (Oxford COVID-19 Government 
Response Tracker). Nat Hum Behav. 2021;5(4):529–38.

	40.	 Richard V, Dumont R, Lorthe E, Loizeau A, Baysson H, Zaballa ME, et al. 
Impact of the COVID-19 pandemic on children and adolescents: deter‑
minants and association with quality of life and mental health—a cross-
sectional study. Child Adolesc Psychiatry Ment Health. 2023;17(1):17.

	41.	 Arránz Becker O, Loter K. Socio-economic family background and adult 
children’s health in germany: the role of intergenerational transmission of 
education. Eur Sociol Rev. 2021;37(4):588–606.

	42.	 Pollard EL, Lee PD. Child well-being: a systematic review of the literature. 
Soc Indic Res. 2003;61(1):59–78.

	43.	 Barnett TA, Gauvin L, Craig CL, Katzmarzyk PT. Distinct trajectories of lei‑
sure time physical activity and predictors of trajectory class membership: 
a 22 year cohort study. Int J Behav Nutr Phys Act. 2008;5(1): 57.

	44.	 Straatmann VS, Lai E, Law C, Whitehead M, Strandberg-Larsen K, Taylor-
Robinson D. How do early-life adverse childhood experiences mediate 
the relationship between childhood socioeconomic conditions and 
adolescent health outcomes in the UK? J Epidemiol Community Health. 
2020;74(11):969–75.

	45.	 Hao Y, Evans GW, Farah MJ. Pessimistic cognitive biases mediate 
socioeconomic status and children’s mental health problems. Sci Rep. 
2023;13(1):5191.

	46.	 Poortinga W, Dunstan FD, Fone DL. Neighbourhood deprivation and 
self-rated health: The role of perceptions of the neighbourhood and of 
housing problems. Health Place. 2008;14(3):562–75.

	47.	 Connelly R, Platt L. Cohort Profile: UK Millennium Cohort Study (MCS). Int 
J Epidemiol. 2014;43(6):1719–25.

	48.	 Hebert JR, Ebbeling CB, Matthews CE, Hurley TG, Ma Y, Druker S, et al. 
Systematic Errors in middle-aged women’s estimates of energy intake: 
comparing three self-report measures to total energy expenditure from 
doubly labeled water. Ann Epidemiol. 2002;12(8):577–86.

	49.	 Marmot M, Bell R. Fair society, healthy lives. Public Health. 2012;126:S4–10. 
https://​doi.​org/​10.​1016/j.​puhe.​2012.​05.​014.

	50.	 Prilleltensky I, Nelson G. Promoting child and family wellness: priorities for 
psychological and social interventions. J Community Appl Soc Psychol. 
2000;10(2):85–105.

	51.	 McLeroy KR, Norton BL, Kegler MC, Burdine JN, Sumaya CV. Community-
based interventions. Am J Public Health. 2003;93(4):529–33.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://gpseducation.oecd.org/CountryProfile?primaryCountry=CHE&treshold=10&topic=EO
https://gpseducation.oecd.org/CountryProfile?primaryCountry=CHE&treshold=10&topic=EO
https://www.who.int/publications/i/item/9789240015128
https://www.who.int/publications/i/item/9789240015128
https://csepguidelines.ca/guidelines/children-youth/
https://csepguidelines.ca/guidelines/children-youth/
https://doi.org/10.1016/j.puhe.2012.05.014

	Psychosocial factors mediate social inequalities in health-related quality of life among children and adolescents
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Study design
	Analytical sample
	Conceptual approach
	Measures
	Exposures – socio-economic conditions
	Mediators – psychosocial factors and health behaviours
	Outcome – health-related quality of life
	Confounders

	Statistical analyses

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


