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Abstract
Objective
Although health inequalities in adolescence are well documented, the underlying mechanisms remain unclear. Few studies have examined the role of the family in explaining the
association between the family’s socioeconomic position and adolescents’ self-rated health.
The current study aimed to explore whether the association between socioeconomic position and self-rated health was mediated by familial determinants.
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Data Availability Statement: The data of the
KiGGS study are only available upon request, for
ethical and legal reasons. Informed consent from
study participants did not cover public deposition
of data. However, the minimal data set underlying
the findings is archived in the “Health Monitoring”
Research Data Centre at the Robert Koch Institute
(RKI) and can be accessed by all interested
researchers on site. The “Health Monitoring”
Research Data Centre is accredited by the German

Methods
Using data from wave 2 of the”German Health Interview and Examination Survey for Children and Adolescents” (KiGGS) (1,838 female and 1,718 male 11- to 17-year-olds), linear
regression analyses were conducted to decompose the total effects of income, education,
occupational status, socioeconomic position index and adolescents’ subjective social status
on self-rated health into direct effects and indirect effects through familial determinants (family cohesion, parental well-being, parental stress, parenting styles, parental obesity, smoking and sporting activity).

Results
A significant total effect of all socioeconomic position indicators on self-rated health was
found, except for income in male adolescents. In female adolescents, more than 70% of the
total effects of each socioeconomic position indicator were explained by familial mediators,
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Data Forum according to uniform and transparent
standards (http://www.ratswd.de/en/
datainfrastructure/rdc). On-site access to the
minimal data set is possible at the Secure Data
Centre of the RKI’s “Health Monitoring” Research
Data Centre. Requests should be submitted to Dr
Ronny Kuhnert at the Robert Koch Institute,
“Health Monitoring” Research Data Centre,
General-Pape-Straße 64, 12101 Berlin, Germany
(e-mail: fdz@rki.de).

whereas no significant direct effects remained. The most important mediator was parental
well-being, followed by family cohesion, parental smoking and sporting activity. In male adolescents, the associations between income, parental education, the socioeconomic position
index and subjective social status were also mediated by familial determinants (family cohesion, parental smoking, obesity and living in a single-mother family). However, a significant
direct effect of subjective social status remained.
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The analysis revealed how a family’s position of socioeconomic disadvantage can lead to
poorer health in adolescents through different family practices. The family appears to play
an important role in explaining health inequalities, particularly in female adolescents. Reducing health inequalities in adolescence requires policy interventions (macro-level), community-based strategies (meso-level) and programs to improve parenting and family
functioning (micro-level).
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Introduction

Conclusion

Health inequality in adolescence is defined as the association between the socioeconomic position (SEP) of the family and adolescents’ health, and has been documented for many years [1–
4]. However, the mechanisms underlying this effect remain unclear. The family, as the primary
socialization agent, plays a central role in health development in childhood and throughout
adolescence [5]. Health-related socialization occurs through everyday family practices and
family interactions, through which children and adolescents acquire fundamental attitudes,
skills and knowledge that contribute significantly to their mental, physical, social and cognitive
development, and thus promotes or hinders healthy development [6]. By “doing family” [7],
young people learn from early childhood to adolescence how to deal with their bodies, health
and illness, and how to develop coping strategies for everyday life and stress [5]. Moreover,
young people are located in a hierarchically structured society through the family, which is
accompanied by unequal life chances and opportunities to experience a life involving satisfactory well-being and good health. However, in adolescence, achieving emotional independence
and autonomy from parents and the family of origin is a central developmental task [8]. Even
in this stage of life, the family has an important mediating function between the granting of
security and reliability on the one hand and the granting of autonomous development on the
other hand [9,10]. In addition, adolescents’ standing in the social hierarchy continues to be
largely determined by the SEP of their parents [9].
Considering this background, the current study aimed to analyze the role of familial determinants through which a family’s position of socioeconomic disadvantage leads to poor general health in adolescents. Regarding the general health of adolescents, self-rated health (SRH)
is an important global and valid indicator [11]. SRH is the subjective perception of general
health status, and covers the physical, mental and social dimensions of health and well-being
[11–13].
Associations between the SEP of the family (determined by income, education and occupational status of the parents) and the health of adolescents have been reported for numerous
health outcomes [1,14–17]. Regarding SRH in adolescence, several previous studies have
found associations with different indicators of the SEP of the family [14,16,18–23]. However,
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focusing on health inequalities throughout the life course, the hypothesis regarding health
equalization in youth proposed by West [24,25] has been influential in health science. According to this hypothesis, in adolescence—in contrast to childhood and later phases of life—the
SEP of the family becomes less important to health because of detachment from parents, while
school, peers and the adolescents’ own perception of their social position have an increasingly
strong influence on health. The evidence for this theory is mixed [17,24–27], and clear conclusions have not been drawn regarding SRH [17,23,28,29]. Against this background, the analysis
of associations between adolescents’ own social status and health has gained importance in
recent years, on the basis of the assumption that family SEP determined by income, parental
education level and parental occupational status has a decreasing influence as adolescents
begin to develop their own status positions. Quon and McGrath [30] reported a meta-analysis
indicating a positive association between higher subjective social status (SSS) and better health
outcomes. This association was strongest for mental health outcomes, followed by SRH [30].
Some previous studies reported that SSS had even stronger effects on health than the family’s
SEP [18,30]. SEP and SSS have also been found to be independently associated with general
health [18,21,31].
Besides SEP, the health of adolescents is also influenced by a range of other familial determinants. Family structure is a major family determinant of adolescents’ health, and is strongly
linked to the financial position of the family household [32]. On the one hand, economic hardship can cause parental stress and conflict, which can result in the separation of the parents
and poor adolescents’ health [33]. On the other hand, single parents are exposed to a very high
risk of poverty, particularly in Germany [32], because they typically have only one income at
their disposal and often work part-time to care for their children. Some previous studies have
confirmed that the association between family structure and health is at least partially mediated by the family’s SEP [34,35]. Furthermore, several previous studies have examined the
associations between the psychosocial characteristics of the family and SRH, such as family
cohesion, parenting behavior, parental support, parent-adolescent relationships and communication [19,36–39]. Moreover, Breidablik et al. [38] reported that low general well-being and
low life satisfaction of the mother or father were important parental factors associated with
lower SRH in adolescents. In addition, some studies have analyzed the associations between
health behavior-related determinants of family and SRH. Parental smoking, smoking in the
household and parental obesity were found to be important parental predictors for poor SRH
in adolescents [38,40]. Moreover, SEP is linked to several familial determinants [33,41–45],
including family structure [39,46], parenting behavior [43,44] and parental stress [45].
To date, few studies have investigated whether health inequalities in adolescents are mediated by familial determinants [47]. A scoping review by Blume et al. [47] revealed that parenting practices, parental mental health, as well as family conflict and distress, were relevant
mediators for health inequalities in childhood and adolescence. Regarding mediation by familial determinants, a relatively large number of studies have examined mental health of young
people. In contrast, for other health outcomes (e.g., SRH), this issue has received relatively little
investigation. Blume et al.’s review [47] identified only three studies that explored whether the
association between SEP and young people’s SRH was mediated by familial determinants
[22,48,49]. Of the two studies that analyzed mediation through the parent-child relationship,
one revealed a significant result [49] whereas the other found no mediating effect [48]. Moor
et al. [49] reported that the relationship with the father was an important mediator explaining
the association between the family affluence scale and SRH. Salonna et al. explored whether
social inequalities in adolescents’ SRH were explained by parental social support [22]. They
observed that social support by the father was a particularly strong mediator of the association
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between family affluence and SRH among both females and males, as well as the association
between financial strain and SRH among males [22].
Because research regarding the explanation of health inequalities in adolescents through
familial determinants—particularly studies focusing on SRH—is scarce, the aim of the present
study was to explore the extent to which health inequalities among 11- to 17-year-olds can be
explained by different familial determinants. We explored different indicators of familial SEP:
equivalized household income, parental education level and parental occupational status, an
index for the SEP constructed from a sum score of all three indicators, as well as adolescents’
subjective assessment of their social status. Regarding the mediators, different determinants of
family life were considered, including psychosocial determinants (family cohesion, parental
well-being, number of everyday stressors, and parenting style of the mother and father) and
health behavior-related determinants (parental smoking, parental sporting activity and obesity
of at least one parent). Finally, the strongest predictors of good health in adolescence were
determined by simultaneously considering all familial determinants.
The following research questions were examined:
1. Are there associations between family SEP (household income, parental education level,
parental occupational status, SEP index and adolescents’ SSS) and SRH among female and
male adolescents aged 11–17 years (total effects)?
2. Are the associations between SEP indicators and female and male adolescents’ SRH mediated by familial determinants (psychosocial and health-behavioral)? How strong are the
direct effects and the indirect effects regarding the different SEP indicators?
3. Which familial determinants (psychosocial and health-behavioral) explain the associations
of the SEP index and the SSS with adolescents’ SRH?
4. Which socioeconomic, psychosocial and health-behavioral determinants show the strongest associations with SRH when considering all determinants at once?

Material and methods
Data
The analysis was conducted using data from wave 2 of the cohort study of the “German Health
Interview and Examination Survey for Children and Adolescents” (KiGGS). The KiGGS
cohort study was carried out by the Robert Koch Institute as part of the health monitoring
commissioned by the German Federal Ministry of Health [50].
A total of 17,640 children and adolescents between the ages of 0 and 17 years and their
parents participated in the KiGGS baseline study (2003–2006). The baseline survey was carried
out as a combined interview and examination survey. The first follow-up (KiGGS Wave 1)
took place in 2009–2012 as a telephone survey. The second follow-up (KiGGS Wave 2) was
carried out in 2014–2017 as a combined interview and examination survey. All participants of
the KiGGS baseline study who agreed to be contacted again were invited to participate in the
KiGGS Wave 2 survey, regardless of their participation in KiGGS Wave 1. At the time of
KiGGS Wave 2, the age range of the cohort participants was 10–31 years. A total of 10,853 people participated in the survey (61.5% of the initial sample) [50,51].
In KiGGS Wave 2, some questions regarding the family situation were explicitly included
for the first time, such as questions about the parenting styles of the mother and father as well
as parental well-being. Because the present analysis focused on the mediating effects of these
familial determinants, data from KiGGS Wave 2 were used. Our analysis included only participants from KiGGS Wave 2 who were younger than 18 years of age, because the parents
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reported their own current socio-economic position just for this age group. For the < 18 years
age group, KiGGS Wave 2 comprised data from a total of 2,258 female and 2,340 male participants. The analysis was based on data from 1,838 female and 1,718 male adolescents aged 11–
17 years for whom complete information on all variables was available (listwise deletion). The
sample characteristics are shown in Table 1.
The KiGGS cohort study is subject to strict compliance with the data protection regulations
of Germany’s Federal Data Protection Act. The Hannover Medical School ethics committee
Table 1. Description of the sample.
Female adolescents (n = 1,838)
Indicator (range)

Mean (weighted)

Self-rated health (0–4)

Male adolescents (n = 1,718)

SD (weighted)
3.19

Mean (weighted)
0.64

SD (weighted)
3.24

0.65

Household income (1–7)

4.39

1.75

4.31

1.75

Education level (1–7)

4.82

1.52

4.74

1.55

Occupational status (1–7)
SEP index (3–21)
Subjective social status (1–10)

4.49

1.40

4.50

1.37

13.71

3.84

13.55

3.84

6.44

1.26

6.49

1.26

Family cohesion (1–100)

61.04

16.68

62.29

15.15

Parental well-being (0–100)

78.87

13.77

78.70

14.10

Number of stressors (0–13)

1.21

1.78

1.26

1.86

n (unweighted)

% (weighted)

n (unweighted)

% (weighted)

Parenting style (mother)
Authoritative

767

40.6

657

38.8

Emotional distancing

278

15.4

312

17.5

Demanding controlling

268

15.5

294

18.7

Permissive

507

27.7

441

24.5

18

0.9

14

0.5

No mother in household
Parenting style (father)
Authoritative

598

31.6

539

31.5

Emotional distancing

211

11.7

177

10.5

Demanding controlling

348

19.0

379

23.2

Permissive

500

26.9

439

23.5

No father in household

181

10.9

184

11.3

Parental smoking
Yes

663

38.9

626

41.5

No

1,175

61.1

1,092

58.5

Parental obesity
Yes

478

28.1

423

27.0

No

1,360

71.9

1,295

73.0

Yes

1,541

81.8

1,441

80.1

No

297

18.2

277

19.9

Parental sporting activity

Age
10–13

809

43.0

735

44.0

14–17

1,029

57.0

983

56.0
73.4

Migration background
1,554

78.2

1,445

One-sided

None

141

9.4

126

10.5

Two-sided

143

12.4

147

16.2

https://doi.org/10.1371/journal.pone.0266463.t001
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considered and approved the survey under ethical guidelines (No. 2275–2014). The Federal
Commissioner for Data Protection and Freedom of Information in Germany had no objections to the study. Participation in the study was voluntary. Participants and their parents and/
or legal guardians were informed about the objectives and content of the study and data protection, and provided written informed consent.

Variables
Outcome variable. Adolescents’ self-rated health (SRH) was operationalized using the
first Minimum European Health Module (MEHM1) question [12]. The formulation “In general, what would you say your health status is like?” was based on the recommendations of the
World Health Organization (WHO) with a five-step answering scale (answer categories: very
good, good, fair, bad and very bad). In our statistical analyses, we used the variable as a metric
variable, where a value of 0 indicated very bad health and 4 indicated very good health.
Predictor variables. We used the following predictor variables: (a) family household
income, (b) parental education level, (c) parental occupational status, (d) the SEP index as the
sum score of the three single SEP indicators, as well as (e) the adolescents’ SSS. The operationalization of the single SEP indicators as well as the SES index is consistently used in all surveys
conducted at the Robert Koch Institute. The operationalized variables were provided for all
users in the data sets, which makes it possible to compare results of the surveys [21]. A detailed
description of the operationalization of all SEP indicators in the KiGGS study can be found in
Lampert et al. [21].
Family income was measured by needs-adjusted net household income (equivalized disposable income) [52,53]. Missing values for net household income were imputed through regression imputation using data on parents’ age, level of education and occupational status, as well
as regional information of the German Federal Statistical Office regarding mean net household
income in the participants’ residential area [54]. This was followed by a distribution-based
classification of income groups [21].
Levels of education were assessed using the international Comparative Analysis of Social
Mobility in Industrial Nations (CASMIN) classification [21,55], ranging from “no degree”
(i.e., inadequately completed general education) to “higher tertiary education” [21].
To operationalize the occupational status of the parents [21] we used Ganzeboom and
Treimann’s International Socio-Economic-Index of Occupational Status (ISEI) [56]. ISEI is
derived from the 2008 International Standard Classification of Occupations (ISCO-08) [57].
Each of the three single SEP indicators was transformed to a range of values from 1 (low) to
7 points (high); a detailed tabular representation of the assignment can be found in Lampert
et al. [21]. Regarding education level and occupational status, children and adolescents were
assigned the maximum point score their parents provided. For cases in which the child lived
exclusively with only one parent, the score of that single parent was assigned directly [21].
Lampert et al. [21] proposed a metric scale for the individual SEP dimensions because the
intervals between the point scores for all three indicators reflect equidistant intervals regarding
external criteria.
The SEP index was calculated by the sum of the point scores of all three equally-weighted
subscales of household income, education level, and occupational status. SEP index values ranged between 3 and 21, and were used as a household index for all family members [21]. The
SEP index can better depict the additive effect of the three single SEP indicators than their
simultaneous inclusion in one model. The use of a composite multidimensional SEP index can
help to avoid problems caused by the correlated nature of single SEP indicators or their
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interactive effects [58]. The calculation of a variance inflation factor revealed moderate multicollinearity of the three individual SEP indicators.
Adolescents’ subjective social status (SSS) was included to capture the perception of the
social situation of the family by the adolescents themselves. The SSS was recorded in KiGGS
Wave 2 using a German version of the MacArthur Scale for adolescence developed by Goodman et al. [31,59] and adapted for Germany by Lampert et al. [21]. The scale operates using an
image of a 10-step ladder, which represents the structure of society as a visual analog scale. The
respondents were asked to mark where they would place themselves on this “social ladder”.
The question was: “Please imagine that this ladder represents the structure of society in Germany. At the top are the people with the most money, the highest education and the best jobs.
At the bottom are the people with the least money, the lowest education and the worst jobs, or
without a job. Now think of your family. What do you think what rung would your family be
on? Please tick a circle next to the ladder” [21].
Mediator variables. For individuals up to 18 years of age, KiGGS Wave 2 contained data
on different dimensions of family life, particularly focusing on the parents, such as family
cohesion, parental well-being, and parental stress, as well as the parenting styles and health
behavior of parents, which operated as mediator variables in our analysis.
Family cohesion was measured with a subscale of the family climate scale developed by
Schneewind et al. [60]. The values of the nine items with a response range from 1 (“disagree”)
to 4 (“agree”) rated by adolescents were added and transformed into a scale from 1 to 100.
Higher scores indicate better family cohesion.
For measuring parental well-being the “Personal Wellbeing Index (PWI) Scale” [61] was
used. The PWI scale contains seven items regarding the respondents’ satisfaction, with a
response scale from 0 (“no satisfaction at all”) to 10 (“completely satisfied”). Each item corresponds to one of the following quality of life domains: standard of living, health, achievements
in life, relationships, safety, community-connectedness, and future security. For the index, all
items were added and transformed into a scale from 1 to 100. Higher scores indicate better
well-being [61].
Parental stress was operationalized by the “number of everyday stressors”. We examined
13 stressors by asking parents whether they felt burdened by household work, financial worries, sole responsibility for parenting, family members in need of care, parenting problems or
conflicts, conflicts with an (ex-)partner or other family members, loneliness, the occupational
situation or unemployment, lack of recognition of household and family chores, a disabled or
chronically ill child or conflicts of compatibility of family and work (“very strong/strong” versus “slightly/not at all”) [45,62]. The additive index of the dichotomous items exhibited a range
of 0–13, with higher values indicating higher levels of stress.
The parenting behaviors of the mother and the father were assessed using the current German version of the “Zurich short questionnaire on parenting behavior” (D-ZKE) [63]. The
four parenting styles distinguished for mothers and fathers were: “authoritative” (characterized
by parental warmth, support and clear rules), “emotional distancing” (characterized by low
parental warmth and support), “demanding-controlling” (characterized by high parental psychological pressure, regulation and control) and “permissive” (characterized by low parental
psychological pressure, rules and control). For single parent-families, the category “no
mother/no father in the household” was included for the parent not living together with the
adolescent [44].
Regarding present parental health and health behavior, three indicators were used. First,
parental obesity of at least one parent (“yes”/ “no”) was measured on the basis of information
about the height and weight of the mother and father reported by the interviewed parent.
Parents with a body mass index of 30 kg/m2 or more were considered obese. Second, parental
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sporting activity was measured by asking whether at least one parent had participated in a
sport in the last 3 months (regardless of the extent) (“yes”/“no”). Third, parental smoking was
examined by asking whether at least one parent smoked daily or occasionally (“yes”). “No”
indicated that neither parent smoked.
Control variables. Age, grouped into “11–13 years” (early adolescence) and “14–17
years” (middle adolescence) [64], and migration background (“none”, “one-sided”, “twosided”) [65] were included as control variables. All analyses were stratified by gender.

Statistical analysis
We analyzed the effects of SEP on SRH of 11–17-year-olds using linear regression models separately for income, education, occupational status, SEP index, and adolescents’ SSS. Even
though SRH deviates from a normal distribution and is skewed toward higher values, linear
regression models are valid and suitable for analyzing not-normally distributed outcomes in
large samples [66]. To decompose the effects of SEP indicators on SRH into the direct effects
of these predictors and the indirect effects through psychosocial and health behavior-related
familial determinants, the KHB (Karlson-Holm-Breen) method was used [67]. This method
allows the degree to which covariates (familial determinants) mediate the association between
a predictor (SEP) and an outcome variable (SRH) to be quantified. In the first step of the mediation analyses, we calculated the SEP effects of the reduced models, including only one SEP
indicator (total effect). In the full models, the total effect of the SEP indicator was divided into
direct and indirect effects. Additionally, the percentage reduction in SEP effects due to mediation [67] for all five SEP indicators was calculated. This percentage reduction is referred to
below as the “mediation percentage.” Kohler et al. [67] refer to this measure as the “confounding percentage.” For each SEP indicator, separate regression models were estimated. To enable
better comparison of the coefficients, all SEP variables were z-standardized.
In a further exploratory step, the percentage contribution of each mediator variable to the
indirect SEP effect is reported. For reasons of clarity, only the regression results of the SES
index, which summarizes all three SEP indicators, as well as the SSS, were reported.
As a prerequisite for the mediation analysis, we analyzed whether the included familial
determinants were associated with SRH as well as each SEP indicator. This was achieved using
bivariate linear regression (see S1 Table in the Appendix). All familial determinants showed a
significant association with each of the SEP indicators as well as SRH in at least one gender.
Only family cohesion was not associated with parental education level in either female or male
adolescents. The basic prerequisites for mediation were thus satisfied. However, to explore
gender differences in the results of the mediation analysis, all familial determinants were
included in the regressions throughout.
Finally, to analyze which socioeconomic, psychosocial or behavior-related familial determinants predicted SRH best, we conducted a linear regression considering the SEP index, the
SSS, and all mediator and control variables at once. For better comparability, we also reported
z-standardized beta coefficients.
Age and migration background were used as control variables in all regressions. All analyses were calculated stratified by gender. Because a cohort sample was analyzed, weighting factors were used in the statistical analyses to compensate for possible biases in the sample due to
selective re-participation [68,69]. Additionally, the weighting factor adjusted the distribution
of the sample to the German population regarding age, sex, region, nationality, and level of
parental education.
The analyses were carried out using Stata (version 15.1 SE) software. Differences were considered statistically significant when p-values were lower than 0.05.
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Results
Total, direct and indirect effects of the SEP indicators on SRH
Table 2 shows the associations between all SEP indicators and SRH (total effects) and the
results of the decomposition of these total effects into direct and indirect effects by including
familial determinants into the models.
We found significant total effects on SRH for income, education, occupational status, SEP
index, and SSS, but not for household income in male adolescents (research question 1).
After including familial determinants in the models (research question 2), a coherent pattern was found in female adolescents: There was no significant direct effect for any SEP indicator. Instead, the association between all SEP indicators and SRH was significantly mediated by
the familial determinants. The mediation percentages indicated the proportion to which the
familial determinants explained the association between each SEP indicator and SRH. More
than 70% of the total effect of each SEP indicator was explained by the included familial
Table 2. Decomposition of the total effects of SEP indicators on self-rated health into direct and indirect effects by familial determinants in female and male adolescents (linear regression, KHB method).
Female adolescents (n = 1,838)
Beta

Male adolescents (n = 1,718)

95% CI

p

Beta

95% CI

p

Income
Total effect

0.057

0.020

0.094

0.003

0.027

−0.012

0.066

Direct effect

0.009

−0.029

0.046

0.649

−0.005

−0.045

0.035

0.799

Indirect effect

0.048

0.023

0.073

< 0.001

0.032

0.012

0.052

0.002

R2 (full model)

0.126

0.087

Mediation %

84.6%

119.3%

0.181

Education
Total effect

0.047

0.007

0.087

0.022

0.045

0.005

0.084

0.027

Direct effect

0.010

−0.030

0.050

0.619

0.016

−0.024

0.056

0.446

Indirect effect

0.037

0.015

0.058

0.001

0.029

0.009

0.049

0.004

R2 (full model)

0.126

0.087

Mediation %

78.3%

65.1%

Occupation
Total effect

0.053

0.012

0.093

0.011

0.042

0.003

0.081

0.036

Direct effect

0.013

−0.029

0.056

0.537

0.026

−0.014

0.066

0.202

Indirect effect

0.039

0.021

0.058

< 0.001

0.016

−0.003

0.034

0.098

R2 (full model)

0.126

0.088

Mediation %

74.7%

37.7%
0.028

SEP index
Total effect

0.064

0.025

0.103

0.001

0.046

0.005

0.087

Direct effect

0.014

−0.027

0.054

0.513

0.014

−0.027

0.056

0.501

Indirect effect

0.051

0.026

0.075

< 0.001

0.032

0.009

0.054

0.005

< 0.001

R2 (full model)

0.126

0.087

Mediation %

78.8%

68.9%

SSS
Total effect

0.086

0.043

Direct effect

0.024

−0.014

Indirect effect

0.062

0.039

0.128

< 0.001

0.097

0.056

0.138

0.062

0.221

0.055

0.009

0.100

0.019

0.085

< 0.001

0.042

0.021

0.063

< 0.001

R2 (full model)

0.127

0.092

Mediation %

72.3%

43.6%

https://doi.org/10.1371/journal.pone.0266463.t002
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determinants. In terms of household income, the mediation percentage was up to 84.6% in
female adolescents.
In male adolescents, mediation through familial determinants was observed for income,
parental education, the SEP index and the SSS, because the indirect effects for these indicators
were significant. However, the mediation percentages in male adolescents for education and
SEP index were below 70%, and that for SSS was only 43.6%. Regarding income, there was a
confounding percentage of 119.3%, indicating that the indirect effect of income was stronger
than the total effect. When the familial determinants were included in the model, the direct
effect of income became negative (although this effect was not significant). Without including
familial determinants as mediator variables, the direct and indirect effects of income were
added and eliminated each other. A significant direct effect was only found for the SSS in male
adolescents.

Familial determinants mediating the association between SEP and SRH
In the next step, we explored which familial determinants explain the association of SRH with
the SEP index or the SSS in female and male adolescents (research question 3). Table 3 shows
the proportions of the differences between the full models (inclusive familial determinants)
and the reduced models (exclusive familial determinants) that were contributed by each mediator variable.
In female adolescents, parental well-being was the most important mediator. A total of
54.3% of the indirect effect of the SEP index on SRH and 45.4% of the indirect effect of the SSS
on SRH could be explained by parental well-being. The proportion of family cohesion for the
indirect effect of the SEP index was 20.1% and that for the SSS was 26.8%. Living in a singleTable 3. Proportions (in %) of the indirect effect of the familial determinants in explaining the association of the
SEP index and the SSS with SRH in female and male adolescents.
Female adolescents
Mediators
Family cohesion

Male adolescents

SEP index

SSS

SEP index

SSS

20.1

26.8

24.1

54.4

Parental well-being

54.3

45.4

3.6

0.1

Number of stressors

−5.6

−6.2

0.2

-1.9

Parenting style mother
Authoritative

ref

Emotional distancing

1.7

2.6

5.0

Demanding controlling

1.6

2.5

8.0

7.5

Permissive

1.7

1.3

−5.1

-1.7

−1.0

1.1

−0.2

0.5

No mother in household

ref
6.2

Parenting style father
Authoritative

ref

ref

ref

ref

Emotional distancing

6.1

5.5

0.4

0.5

Demanding controlling

2.3

3.4

0.2

0.1

Permissive

1.6

1.8

0.4

0.1

10.5

11.8

20.3

16.7

4.5

1.7

22.1

7.5

17.6

7.4

−0.7

−1.3

−15.4

−5.1

21.7

11.3

No father in household
Parental obesity
Parental sporting activity
Parental smoking
Proportions > 10% are printed in bold.
https://doi.org/10.1371/journal.pone.0266463.t003

PLOS ONE | https://doi.org/10.1371/journal.pone.0266463 April 7, 2022

10 / 22

PLOS ONE

Socioeconomic position and self-rated health among adolescents: The mediating role of the family

mother family mediated the effect on SEP, as measured by both the SEP index (10.5%) and SSS
(11.8%). Furthermore, 17.6% of the indirect effect of the SEP index on SRH was explained by
parental sporting activity. Parental smoking did not explain the effect of the SEP index on SRH
in females, but reduced the indirect effect through familial determinants by 15.4%, and thus
reinforced the direct effect of the SEP index.
In male adolescents, family cohesion was also an important mediator, particularly for SSS,
with a proportion of 54.4%. In contrast to the results for female adolescents, parental wellbeing was not an important mediator in male adolescents. Similar to female adolescents, we
also observed a mediating effect of living in a single-mother family in male adolescents (SEP
index 20.3%, SSS 16.7%). Additionally, parental smoking mediated the association between
each of the SEP index (21.7%) and the SSS (11.3%) with SRH among male adolescents. Parental obesity was another mediator for the SEP index (22.1%) in male adolescents.

Socioeconomic, psychosocial and health-behavioral determinants of SRH
Table 4 reports the full models considering SEP index as well as SSS and all familial determinants (research question 4). Not all mediators that explained the effect of the SEP index or the
Table 4. Coefficients for SRH in female and male adolescents (linear regressions, full model with SEP index and SSS).
Female adolescents
SEP index

Male adolescents

Coef.

Std. err.

p

Beta

Coef.

Std. err.

p

Beta

0.002

0.006

0.759

0.011

−0.001

0.005

0.919

−0.003

SSS

0.017

0.016

0.303

0.033

0.043

0.019

0.023

0.085

Family cohesion

0.005

0.001

< 0.001

0.135

0.008

0.002

< 0.001

0.187

Parental well-being

0.006

0.002

< 0.001

0.135

0.000

0.002

0.988

0.001

Number of stressors

0.011

0.013

0.376

0.032

0.002

0.011

0.841

0.006

Parenting style mother
Authoritative

ref

ref

Emotional distancing

−0.049

0.070

0.485

−0.027

−0.096

0.068

0.157

−0.056

Demanding controlling

−0.091

0.074

0.218

−0.050

−0.121

0.065

0.062

−0.072

Permissive

0.055

0.057

0.334

0.038

−0.040

0.059

0.494

−0.026

No mother in household

0.174

0.165

0.293

0.025

−0.111

0.217

0.608

−0.012

Parenting style father
Authoritative

ref

ref

Emotional distancing

−0.202

0.075

0.007

−0.099

−0.023

0.086

0.787

−0.011

Demanding controlling

−0.095

0.068

0.161

−0.057

−0.016

0.064

0.804

−0.010

0.024

0.055

0.665

0.016

0.002

0.063

0.974

0.001

−0.109

0.092

0.237

−0.052

−0.116

0.074

0.117

−0.056
−0.084

Permissive
No father in household

−0.026

0.048

0.582

−0.018

−0.123

0.044

0.005

Parental sporting activity

0.119

0.066

0.073

0.070

−0.007

0.056

0.896

−0.004

Parental smoking

0.063

0.042

0.133

0.046

−0.050

0.042

0.236

−0.038

0.044

0.003

−0.100

−0.036

0.042

0.397

−0.027

Parental obesity

Age
11−13 years

ref

14−17 years

−0.132

ref

Migration background
No

ref

0.053

0.062

0.390

0.024

0.056

0.064

0.381

0.026

Two-sided

−0.017

0.077

0.826

−0.009

−0.014

0.072

0.844

−0.008

2.260

0.182

0.000

2.621

0.214

0.000

Constant
2

R

ref

One-sided

0.127

0.092

https://doi.org/10.1371/journal.pone.0266463.t004
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SSS had a significant coefficient in the full models. This was the case, for example, for singlemother-families or parental smoking. In the full models, these determinants were not significantly associated with SRH. Instead, in female adolescents, an emotionally distant parenting
style of the father was associated with a poorer SRH than an authoritative parenting style,
which is characterized by emotional warmth and clear rules by the father. However, the parenting style of the father was not a significant mediator and did not explain the association of
the SEP index or SSS with SRH.
In female adolescents, good family cohesion and high parental well-being were the strongest predictors of self-rated good health. Furthermore, a significant effect of age was seen in
female adolescents, with older females rating their health as worse than younger females. All
predictor variables together explained 12.7% of the variance of SRH in females (R2).
In male adolescents, good family cohesion was the strongest predictor of self-rated good
health. With the focus on the SEP indicators, the effect of male adolescents’ SSS on SRH
remained significant, independent of other predictors. This finding reflects that a high ranking
on the social ladder was associated with better general health. In contrast, parental obesity was
associated with worse general health in males. No other predictors reached statistical significance and were therefore not independently associated with SRH. However, it should be noted
that, in male adolescents, the parenting style of the mother was associated with SRH, whereas,
in females, the parenting style of the father was associated with SRH. Compared with the
authoritative parenting style, male adolescents with a mother who exhibited a demanding controlling parenting style rated their health as worse. However, the effect was not significant at
the 95% level. The R2 value for the male adolescents’ model was 0.092, indicating that 9.2% of
the variance of SRH was explained by all predictors together.

Discussion
The aim of the current study was to analyze the associations between different SEP indicators
(household income, parental education level, parental occupational status, SEP index and SSS)
and adolescents’ SRH, as well as possible mediation effects through several familial
determinants.
Regarding research question 1, we found significant total effects for all SEP indicators on
both female and male adolescents’ SRH, with the exception of income in male adolescents.
These results were in accord with previous studies reporting significant associations between
different SEP indicators and SRH [14,21,49]. However, the absence of a significant association
between income and SRH in male adolescents differed from the results of the KiGGS Wave 2
cross-sectional study, in which a significant income gradient among both girls and boys aged
3–17 years was found for parent-rated health [21,70]. The comparability of these findings is
limited because of differences in the included age groups (11–17 years versus 3–17 years), outcome measurements (self- versus parent-rated health), analysis strategies (metric versus categorical variables), and sample sizes [70].
Overall, the results regarding gender differences in the associations between SEP and SRH
were highly heterogeneous and partially depended on the examined SEP indicator. Salonna
et al. [22] reported that, among male adolescents, parental educational level, family affluence
and financial strain were associated with SRH, whereas, among female adolescents, only family
affluence was associated with SRH. In another study, Salonna et al. [23] reported that the
socioeconomic differences in SRH in male adolescents were minor and much smaller than
those in female adolescents. However, the researchers in that study investigated parental educational level and occupational status but not the families’ income situation [23]. In addition,
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Jeon et al. [71] observed a significant association between parental educational level and SRH
in female adolescents, but not in male adolescents.
When familial determinants were considered in the current analysis (research question 2),
there were no direct effects of parental SEP for household income, parental education level,
parental occupational status or SEP index on female and male adolescents’ SRH. Rather, the
association between parental SEP and SRH could be explained to a large extent by familial
determinants. This pattern was particularly noticeable among female adolescents. Important
family mediators (research question 3) included family cohesion and parental well-being, but
also health behavior-related determinants such as parental smoking, parental sporting activity
and obesity in at least one parent. In male adolescents, however, the SSS had a significant direct
effect on SRH. This indicates that the included familial determinants could not explain the
association between SSS and SRH in total. Even if the SES index was included, the SSS
remained a significant predictor of SRH regardless of the parents’ SEP.
The current results share a number of similarities with existing research findings, and
extend current knowledge in several ways. First, the current findings suggested that psychosocial and health-behavioral familial determinants were closely associated with families’ SEP,
and that SEP in adolescence has an indirect effect through family life rather than a direct effect
on adolescents’ health. This phenomenon was previously reported by Sweeting and West [72]
who found that family life may have stronger direct effects on health than material factors in
adolescence.
Specifically, the current results revealed that poor family cohesion, low parental well-being
and poor health-related behavior by parents were the mechanisms by which low SEP resulted
in worse health of adolescents. However, the number of everyday stressors and maternal and
paternal parenting style were not significant mediators in the current study. It could be
assumed that parenting style is strongly correlated with family cohesion. Similar to parenting
behavior, family cohesion also covers aspects of parental warmth and control as well as shared
leisure time in the family [63]. Regarding everyday stressors (e.g., compatibility of family life
and work or parenting problems), it is possible that the type of stressor has a stronger influence
than the number of stressors [45]. Several previous studies also reported that psychosocial
familial determinants mediated the association between parental SEP and adolescents’ SRH
[19,22,49]. This was the case for family cohesion [19], parental support [22] and the relationship with the father [49]. Overall, the current results can be interpreted in light of the family
stress model [33], although we did not use the same familial determinants. According to the
family stress model, financial hardship and economic pressure lead to parental stress and, as a
result, less favorable parenting and a poorer parent-child relationship, which, in turn, leads to
worse health in young people. Regarding parental well-being, we observed a mediating effect
on social disparities in adolescents’ SRH. Bøe et al. [73] also identified maternal and paternal
emotional well-being as mediators for the association of family economic status and maternal
education with externalizing and internalizing problems in young adolescents. In addition, we
found that the health behavior of parents also plays a mediating role in health inequality in
adolescence. Thus, the stress of parents due to social deprivation and low social resources
appears to lead to unhealthy behavior or obesity in parents, and this, in turn, affects the health
of adolescents. However, Bauldrey et al. [40] found no evidence for this mechanism, reporting
that parental obesity and smoking in the household did not mediate the association between
childhood SEP and SRH in adolescence and young adulthood.
Second, regarding the hypothesis of equalization in health of youth [24,25], our results
revealed that the SEP of parents is relevant to health in adolescence, but that its effect largely
occurs through family cohesion, family practices and parental health-behavior, as well as
parental well-being. This finding may be helpful for specifying the mechanisms that lead to
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health inequalities among adolescents. However, further research is required to elucidate the
mediation effects of psychosocial and health behavioral familial determinants in childhood
[74] and young adulthood.
Third, adolescents’ SSS appeared to play an important role in subjective health in the current study, particularly in males. This finding is in line with the results of previous studies
[18,71]. The result highlights that SSS, rather than objective measures of family SEP, is associated with adolescents’ health [21,71].
Fourth, the mediation of health inequalities by familial determinants appeared to be stronger among female than male adolescents in the current study. This finding indicates that the
family plays a more influential role among female than among male adolescents. Sweeting and
West [72] found that in female adolescents, family conflict and the quality of relationships
with parents were more consistently related to self-esteem, mental well-being and physical
symptoms, compared with male adolescents. Similarly, Lin et al. [75] reported that female adolescents were more sensitive to family environment factors (e.g., family arguments, quarrels
with parents) than male adolescents with regard to psychological well-being. Wang et al. [76]
observed that regarding non-medical use of prescription drugs female adolescents were more
sensitive to the communication problems with the mother and more easily affected by parental
behaviors such as problematic drinking compared with male adolescents. In reference to Gilligan’s theory of female development [77], Ohannessian [78] argued that the development of the
self during adolescence is more closely related to attachment and relationships with others
among females, compared with males. Accordingly, female adolescents are more relationshiporiented than male adolescents, for whom emotional separation from others seems to be more
important [78]. This approach may provide an explanation for the gender differences we
observed in the current study. However, this assumption requires further research. Another
potential explanation is that SRH is defined differently by female and male adolescents. In Germany, significant gender differences in the extent to which SRH is associated with adolescents’
mental health have previously been identified [13]. Specifically, the association between mental
health and SRH was reported to be greater in female than in male adolescents, whereas no gender differences were observed in the association between physical health and SRH [13].
Regarding the family stress model [33], there is substantial evidence that in particular inequalities in mental health can be explained by familial determinants.

Limitations and strengths
An important limitation of the current analysis is related to the cohort study design. Although
we used a weighting factor to account for unequal sampling probabilities and to adjust the distribution of the sample to the demographics of the German population, the drop out weighting
factor did not provide the same degree of representativeness as a cross-sectional study based
on a random sample.
Another limitation of our study is that it relied on cross-sectional data because some familial determinants were surveyed for the first time in KiGGS Wave 2. Therefore, a causal mechanism can be assumed but is not substantiated by our analysis, and confirmation would require
longitudinal data. Alternatively, selection processes may partially explain the associations by
which poor parental well-being is caused by a parent’s chronic disease, resulting in a lower
SEP. In addition, poor health of adolescents may influence family cohesion, parental wellbeing or the time available for parents to engage in sporting activities. Socioeconomic, psychosocial and behavior-related determinants and health, however, are closely interwoven throughout the entire course of life and influence one another, which can even present challenges for
longitudinal analysis.
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Another limitation of the current study is the focus on parental determinants. Adolescents’
relationships with siblings (including conflict and mutual support) and the roles of other relatives or people in the wider family environment (e.g., grandparents) who often take on important care tasks were not considered in this analysis. However, because we analyzed inequalities
based on income, parental educational level and parental occupational status, we consider that
the focus on parents was justified and appropriate.
Importantly, only answers from one parent were considered. For some determinants the
parental participant also provided proxy information about the other parent. This was the case
for smoking, height and weight, and sporting activities, but also for educational level and occupational status. Some previous studies have reported that the impacts of mothers and fathers
on adolescents’ health can be different [49,79]. Regarding the explanation of the inequalities in
SRH by familial determinants, the relationship with the father [49] as well as the father’s support [23] were found to be particularly important. In future studies, it may be helpful to consider information from both parents separately, as was performed in the current study for
parenting style. However, this approach is difficult with single-parent families because missing
values for the parent not living in the household must be considered.
In this analysis, the family structure is only considered indirectly. However, in future studies the role of family structure should be analyzed more in-depth because the family structure
could be a mediator. Thus, the family stress model [33] assumes that family economic pressure
leads to parental conflict and, as a possible result, to the separation of the parents, consequently
impacting the health of adolescents. However, there is also empirical evidence that living in a
single-parent family is associated with lower SEP and potentially with poverty, which then
results in poorer adolescent health [80]. Again, longitudinal analyses will be required to determine which effect is stronger.
A familial determinant not considered in our analysis was the parents’ employment status
[81–83]. Similar to the family structure, employment status cannot be unequivocally classified
as a mediator in the association between parental SEP and adolescents’ SRH, because, on the
one hand, parents’ educational level affects their labor market attachment, while, on the other
hand, parents’ employment status has a strong influence on family income. Therefore, further
studies that analyze the different directions of association would be useful.
Another difficulty is the interweaving of the various socioeconomic, psychosocial and
health-behavioral variables included in our analysis. This was particularly evident when
income, educational level and occupational status were included concurrently in one model.
Therefore, we used the SEP index, which comprises the combined effects of income, education
and occupation in an additive score.
The strengths of our analysis included a relatively large sample size and the ability to integrate several SEP indicators as well as several familial determinants. Another strength is that
we included information from the adolescents themselves as well as from parents. Young people are often unable to provide precise information about their parents’ income, educational
level, occupational status, or well-being. Additionally, when only information from parents is
considered, it has been reported that the well-being of the parent can impact the assessment of
other variables, including adolescents’ health [84]. Overall, the current findings can make a
contribution toward explaining health inequalities in adolescence.

Conclusions
The current analysis verified associations between families’ SEP and adolescents’ SRH. The
mediation analysis also revealed that socioeconomic disadvantage can lead to poorer health in
adolescents through a lack of family cohesion or family practices in everyday life. Further
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longitudinal studies are necessary to analyze the mechanisms of “doing family” [7] in more
detail. Additionally, the social contexts around the adolescents and the family, such as school,
vocational training, sports and leisure facilities, should also be considered. However, because
the family acts as the central interface to other institutional contexts it influences many factors,
such as the academic achievement of young people [10]. Investigating whether the current
findings also apply to younger children (pre-school and primary school age) and young adults
may also produce valuable insights.
The current study is embedded in a larger research unit that analyzes the roles of different
institutional contexts, including the family, kindergarten, primary and secondary school, vocational training, university, labor market and health care system, in explaining health inequalities among young people [85].
Several conclusions can be drawn from the current findings. Reducing health inequalities
in adolescence requires policy interventions on the macro-level, community-based strategies
on the meso-level and programs to improve the parenting competence of parents and family
functioning on the micro-level. This includes policies that aim to reduce poverty in families. In
addition, activities are needed to better integrate non-employed parents into the labor market,
which could improve parents’ financial situation as well as their psychosocial well-being, and
may also contribute to a clearly structured daily routine in families. Furthermore, targeted
school support and better educational opportunities are needed, especially for adolescents
from socially disadvantaged families. However, social disadvantage does not only refer to the
socioeconomic situation, but also to psychosocial and behavioral factors that are mutually
interwoven. Interventions that aim to strengthen family cohesion or parenting skills in high
conflict-families with low social resources may be valuable. In addition, interventions that lead
to an improvement in parents’ well-being may also be helpful for promoting the well-being
and health of adolescents. Furthermore, the provision of appropriate infrastructure (e.g., sufficient green areas in neighborhoods) as well as low-threshold services (e.g., from sports clubs)
should be considered, which can promote healthy behavior among parents and young people.
Even more compensatory-oriented services for adolescents outside the family (such as healthy
lunches at school) could enable adolescents to lead healthier lives, and could relieve stress for
their parents. Finally, evaluation studies are needed to investigate which health promotion
interventions are able to most effectively reach socially disadvantaged young people and their
families.
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(ZKE). Diagnostica. 2001; 47(4):196–207. German.

64.

Allen B, Waterman H. Stages of adolescence 2019. Available from: https://www.healthychildren.org/
English/ages-stages/teen/Pages/Stages-of-Adolescence.aspx.

65.

Schenk L, Ellert U, Neuhauser H. [Children and adolescents in Germany with a migration background.
Methodical aspects in the German Health Interview and Examination Survey for Children and Adolescents (KiGGS)] Kinder und Jugendliche mit Migrationshintergrund in Deutschland. Methodische
Aspekte im Kinder- und Jugendgesundheitssurvey (KiGGS). Bundesgesundheitsblatt Gesundheitsforschung Gesundheitsschutz. 2007; 50(5–6):590–9. German. https://doi.org/10.1007/s00103-0070220-z PMID: 17514443

PLOS ONE | https://doi.org/10.1371/journal.pone.0266463 April 7, 2022

20 / 22

PLOS ONE

Socioeconomic position and self-rated health among adolescents: The mediating role of the family

66.

Lumley T, Diehr P, Emerson S, Chen L. The importance of the normality assumption in large public
health data sets. Annu Rev Public Health 2002; 23:151–69. https://doi.org/10.1146/annurev.publhealth.
23.100901.140546 PMID: 11910059

67.

Kohler U, Karlson KB, Holm A. Comparing coefficients of nested nonlinear probability models. Stata
Journal. 2011; 11(3):420–38.

68.

Hoffmann R, Lange M, Butschalowsky H, et al. KiGGS Wave 2 cross-sectional study–participant acquisition, response rates and representativeness. Journal of Health Monitoring. 2018; 3(1):82–96. Available from: https://edoc.rki.de/bitstream/handle/176904/5637/JoHM_01_2018_Cross-sectional_Study_
KiGGS-Wave2.pdf?sequence=1&isAllowed=y.

69.
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