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Y Introduction: The effect of socioeconomic status on adolescent substance abuse may

be mediated by family socialization practices. However, traditional mediation analysis
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mediation approach using data from 17,761 Norwegian young people (13-18 years),
51% female. Data were collected through a print questionnaire. Socioeconomic status
was operationalized as parental education and employment status (employed or re-
ceiving welfare); drinking behavior as the frequency of alcohol consumption and
frequency of intoxication in the past year; and socialization practices as general
parenting measures, alcohol-related parental permissiveness, and parent drinking
behavior.

Results: There was no consistent evidence of exposure-mediator interaction. Formal
sensitivity analysis of mediator-outcome confounding was not possible in the multiple
mediator model, and this analysis supported the hypothesis that socioeconomic status
effects on adolescent substance abuse are fully mediated by family socialization
practices, with apparently stronger effects in younger age groups observed in plots.
Conclusion: We found that the effect of socioeconomic status on adolescent sub-
stance abuse was fully mediated by family socialization practices. While our analysis
provides more rigorous support for causal inferences than past work, we could not
completely rule out the possibility of unmeasured confounding.
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1 | INTRODUCTION

Socioeconomic status (SES) is associated with a range of health behaviors. In general, lower SES is associated with more risky
behaviors and worse health outcomes. For example, the prevalence of the four main risk behaviors for noncommunicable
diseases, unhealthy diet, smoking, sedentary activity, and excessive drinking, is typically higher in more deprived or lower
status groups and communities, contributing to the social gradient in health (M. Marmot, 2005). To understand and
intervene in these outcomes, it is important to understand what are the mechanisms through which SES influences health (M.
G. Marmot, 2004). In young people, evidence suggests that SES is associated both with family socialization practices and with
health risk behaviors, so understanding the causal relations between these three factors could contribute to understanding
how SES influences health. A previous study (Pape et al., 2017) has used traditional mediation analysis to examine the
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relationship between these three factors. In this paper, we revisit this traditional mediation analysis using a more recent and
more robust causal mediation approach.

If all around you is going to hell, the family really matters
(Michael Marmot, 2004)

Socialization can be regarded as multiple processes through which individuals develop characteristics (e.g., dispositions
and behaviors) that are more or less healthy (Singh-Manoux & Marmot, 2005). Intergenerational socialization is one process
through which behaviors are transmitted across generations. This transmission occurs most prominently from parents to
offspring, for example through bonding and social learning, which results in generational similarities in dispositions and
behaviors. Studies show that particular parenting and family practices are associated with child risky behaviors, including
smoking, drinking, and drug use (Cablova et al., 2014; Foxcroft & Lowe, 1991, 1995, 1997). A theoretically informed
perspective on family socialization practices in the context of adolescent substance use suggests four main domains: family
love and support, parental control and monitoring, parental attitudes to adolescent substance use, and parental substance use
behaviors (Foxcroft & Lowe, 1991, 1995, 1997).

Generational similarities also manifest as similarities within social groups because SES is highly consistent across gen-
erations. Potentially, this helps to explain why SES is also associated with a range of health behaviors. If lower SES is
associated with particular family socialization behaviors which, in turn, are associated with child risky behaviors, then we can
regard family socialization as mediating the relation between SES and risky behavior (Singh-Manoux & Marmot, 2005). For
example, a family socialization deficit hypothesis predicts that lower SES is associated with poorer family socialization which,
in turn, is linked to adolescent substance use.

Figure 1 sets out five typical alternative causal relations between family SES, family socialization, and young person
substance use. Of these, most are plausible except for (Figure 1d) which suggests that family socialization practices are
causally before family SES; this is less plausible as arguably SES (e.g., parental education) is a largely fixed characteristic that is
not changed by later parenting practices. On the other hand, (Figure le) is much more plausible than (Figure 1d); it suggests
that family SES is causally linked with family socialization practices and that both family socioeconomic status and family
socialization practices are causally linked with substance use in young people. In other words, in (Figure le) family
socialization mediates the relation between family socioeconomic status and Young Person Substance Use and can be
expressed as a family socialization deficit hypothesis.

Family Socialization Family Socialization
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Young Person Young Person
Substance Use Substance Use

Family Social Status

Family Social Status
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Family Socialization Young Person
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FIGURE 1 (a) Family socialization covaries with family socioeconomic status, and both predict young person substance use; (b) family socialization is
independent of family socioeconomic status, and both predict young person substance use; (c) family socioeconomic status moderates the relation between
family socialization and young person substance use; (d) family socioeconomic status mediates the relation between family socialization and young person

Family Socialization

(e)

substance use; (e) family socialization mediates the relation between family socioeconomic status and young person substance user's
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One study drew conclusions that supported the family socialization deficit hypothesis (Hardaway & Cornelius, 2014),
finding that economic hardship was indirectly related to problem drinking in US adolescents through less supportive
parenting (see, e.g., Figure le). However, this study only included families experiencing some form of economic hardship,
and it may be that family socialization as a mediator is not so important with more advantaged families. This alternative
explanation specifies that the relation between poor family socialization and risk behaviors is particularly salient for low SES
families, that is, a stepped family socialization deficit hypothesis. In this scenario, SES is a moderator of the relation between
family socialization and risk behaviors (Figure 1c). In terms of substance use, this would manifest as an important relation
between family socialization and substance use initiation only for individuals from low-status families. In other words, this
stepped family socialization deficit hypothesis predicts that SES moderates the relation between family socialization and
substance use.

But intergenerational socialization is not the only socialization process. It sits alongside an intragenerational process
(Singh-Manoux & Marmot, 2005), where socioeconomic environment impacts dispositions and behavior more directly, for
example through social class or group identity, work, or living conditions (Bourdieu, 1984). Material conditions and
circumstances are important in their own right, contributing directly to the monotonic relationship between SES and health
rather than being mediated or moderated through an intergenerational process. In this explanation, it is argued that
individuals with lower status have lower levels of control over their lives, including work and economic situation, which
directly leads to engagement in unhealthy behavior with associated poor health outcomes. For example, this status deficit
hypothesis suggests that SES is directly predictive of substance use initiation and is not mediated by family socialization.
Instead, family socialization may be independently predictive of substance use initiation (Figure 1a,b).

We specified several alternative hypotheses. H1 was expressed as the causal relation between SES and adolescent drinking
being fully mediated by family socialization practices. H2 was expressed as the causal relation between family socialization
variables and adolescent drinking being stronger for families with lower SES. This would be indicated by an interaction effect
between SES and family socialization variables in the prediction of adolescent drinking. H3 was expressed as a direct and
independent causal relation between SES and adolescent drinking, with no mediated effect. It is also plausible that we will
find support for both mediated and direct effects of SES on adolescent risk behavior. This would be a partially mediated effect,
that is, both mediated (indirect) and direct effects are statistically significant (H4).

1.1 | Causal mediation analysis

Traditional epidemiological analysis of the causal mechanism through which exposure is related to a health outcome has
typically involved regression modeling to assess whether there is a relation between a mediator (M) and an outcome (Y)
while controlling for an exposure (X). If the size of X > Y diminishes or disappears once M is included in the model, then the
effect of X on Y is described as being partially or fully mediated by M. For example (Pape et al., 2017), found that the relation
between SES (measured by parental education) and adolescent drunkenness was nonsignificant once a set of family socia-
lization variables were included in the regression model. They concluded that “The elevated risk of low SES vanishes when
general parenting, alcohol-related parental permissiveness and parents' drinking are accounted for” (p. 792).

However, traditional approaches to mediation analysis are subject to two important limitations. The first problem is that
the traditional approaches presuppose no interaction between the effects of the exposure and the mediator on the outcome.
And the second problem is that, even if the exposure is randomized or if all the exposure-outcome confounders are included
in the model, there may be unmeasured confounders of the mediator-outcome relationship. If control is not made for
mediator-outcome confounders then results from the traditional approaches can be biased.

The causal inference approach to causal mediation analysis builds on the traditional approach by making these as-
sumptions more explicit. The first assumption of no interaction between the effects of the exposure and the mediator on
the outcome can be tested by including interaction terms in the model. If an interaction effect is present, then causal
inference mediation analysis software can make adjustments for the interaction effect. The second assumption can be tested
in software that estimates direct and indirect effects, even in the presence of unmeasured confounding, by allowing for
nonlinear models and by advancing techniques for sensitivity analysis that examine robustness of effects to unmeasured
confounding (Imai et al., 2010).

Specifically, the causal assumptions for the confounding that are made more explicit in the causal inference approach are
(VanderWeele, 2016) as follows:

1. No unmeasured confounding of the exposure-outcome relation; that is, any variable that causes both the exposure and the
outcome must be included in the model.

2. No unmeasured confounding of the mediator-outcome relation.

No unmeasured confounding of the exposure-mediator relation.

4. The exposure must not cause any confounder of the mediator-outcome relation.

et
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In the current study, we used the causal inference approach to test our alternative hypotheses in relation to specific
indicators of SES, family socialization practices, and adolescent drinking behavior. To do this we have revisited a traditional
mediation analysis (Pape et al., 2017) which did not report any checks on the causal assumptions required for robust causal
inference, but did report that the elevated risk of low SES disappeared when general parenting, alcohol-related parental
permissiveness and parental drinking mediators were accounted for. Traditional mediation analysis, for example, the
different approach used in the analysis by Pape et al. (2017), potentially underestimates the direct effect conditioned on the
mediators (Richiardi et al., 2013). Pape et al. (2017) implied a causal mechanism with the suggestion that measures to curb
social inequality in adolescent drinking should target a broad range of parenting skills and practices. However, prevention
efforts that target family socialization mediators in an attempt to address adolescent alcohol misuse and reduce alcohol-
related social disparities may be misplaced if the socialization mediation evidence does not hold up in the face of more robust
causal analysis.

2 | METHOD
2.1 | Design

The study employed a cross-sectional design, with print questionnaires completed by junior and high school students under
supervision from teachers.

2.2 | Participants

Data were collected in 2006 in 16 municipalities in Norway. Eighty-two out of 91 schools took part in the study, and the
response rate at participating schools was 86% (N =17,761). Anonymized data were shared for the current analysis by the
original researchers (Pape et al., 2017).

2.3 | Measures

All measures were based on classroom completed adolescent self-reports.

2.3.1 | Exposure: SES measures

The primary indicator of SES was parents' education and a secondary indicator was marginal socioeconomic position (SEP).
Parents' education was determined by the type of education received by the father in the first instance, or the mother if she
was the primary or only caregiver. Educational categories included low (9 years of compulsory schooling or less), middle
(high school), or high (college/university). Preliminary analysis indicated no substantive differences between participants
with parents in the medium and high education categories, with regard to alcohol consumption. As such data were recoded
into a dichotomous variable in which middle and high categories were coded as 0, and low coded as 1. Marginal SES was
coded as 1 if one or more of the parents were in receipt of social welfare, or neither parent was in employment (part or full
time). Other responses were coded as 0.

232 | Mediators: Family socialization measures

Family socialization variables included general parenting (three measures), alcohol-related parental permissiveness (two
measures) and parents' drinking (two measures). All mediators were directionally coded such that putatively worse socia-
lization practices (e.g., lower quality parent—child relationship, higher acceptance of child drinking, higher paternal drinking)
had higher scores. In this way, all the mediators would (potentially) have positive signed correlations with the exposure and
with the outcome measures. Parental knowledge and monitoring were assessed through four statements, which (Pape et al.,
2017) reported as being adapted from (Wichstrem, 2000), such as “my parents usually know where I am and what I do in my
spare time.” The quality of the parent-child relationship was evaluated using eight statements such as “I can talk to my
parents about anything.” Monitoring and relationship quality were measured on a four-point scale, ranging from “corre-
sponds very poorly” (1) to “corresponds very well” (4), with Cronbach's « reported as acceptable for both measures (Pape
et al., 2017). Scores were reversed for analysis so that higher scores indicated lower levels of monitoring and parent—child
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relationship quality. Experiences of lax parenting were estimated using three statements including being allowed to arrange
unsupervised parties at home, staying out late in the evening without telling parents where they were, and having time limits
for being out at night during the weekend. Yes/no responses were collected and summed, with a greater propensity for lax
parenting indicated by higher scores.

Alcohol-related parental permissiveness included parental acceptance of drinking, evaluated using three statements,
including “they do not want me to drink alcohol,” “they would accept me drinking once in a while without getting drunk,”
and “they would accept that I got drunk once in a while.” A four-point response scale was used and scores averaged.
Cronbach's a was reported as acceptable (Pape et al., 2017). Higher scores indicated that parents were more accepting of their
children drinking. Where adolescents reported consuming alcohol, parental permission to drink at home with peers was also
assessed, using a single measure and no (coded as 0) and yes (coded as 1) response option.

Exposure to parental intoxication at least monthly was measured separately for maternal and paternal drinking using a
four-point scale, ranging from never (0) to some times a week (4).

2.3.3 | Outcome: Substance use measures

Two outcomes measures were any alcohol consumption, and any intoxication, in the past 12 months. Responses were coded
0 for no and 1 for yes.

2.4 | Analysis

Code for the analysis is archived on the Open Science Framework (OSF) website (D.R. Foxcroft, 2021). We used R (R Core
Team, 2019) and Mplus Muthén and Muthén (1998) for data analysis. Software versions used in the analysis are detailed
in Supporting Information Appendix A. Analysis code for multiple mediator analysis was adapted from (Nguyen et al., 2016).

2.4.1 | Moderator analysis

We addressed hypothesis H2 first because it was important to be able to assess any moderation (interaction) effects before
proceeding with the mediation analysis. The R mediation package (Tingley et al., 2014) can assess the effect of interaction
terms between the exposure and the mediator by adding this to the model and checking to see if the interaction term is
significant. However, only one mediator at a time can be checked in this way (see Supporting Information Appendix C for
illustrative analysis). Therefore, we used the R Ime4 package (Bates et al., 2015) and specified a generalized linear mixed
model (poisson log-link) with school as a random effect and with all exposure x mediator interaction terms included
simultaneously.

2.4.2 | Mediator analysis

If hypothesized mediators are conditionally independent, then separate causal mediation models can be fitted to assess the
mediated effects through each of the mediators one at a time. However, with multiple mediators, the often implicit
assumption that the different mediators are independent conditional on the exposure (and covariates) is a strong assumption.
Moreover, it may be unrealistic, and when this assumption is violated it leads to biased estimates of causal effects (Tingley
et al., 2014; VanderWeele & Vansteelandt, 2014). When mediators are interdependent they can be thought of as being linked
in a sequential causal chain, with a first mediator confounding the relation between a second mediator and the outcome and
therefore violating the sequential ignorability assumption." An alternative approach is to combine interdependent mediators
in a joint mediation approach, assuming a complete set of interdependent mediators such that other unmeasured
confounding bias assumptions are not violated.

Importantly, this joint mediator approach does not necessarily require knowing the ordering of the mediators, and
estimation of the combined effect of multiple mediators can be useful. We used the method from (Nguyen et al., 2016) to
estimate the combined effect of multiple continuous/ordinal mediators, entered simultaneously with inter-correlations
between all mediators, on a binary outcome using a structural equation model. An additional assumption is also included in
this method: there is no mediator-mediator interaction in influencing the outcome measure, because such an interaction

lSequenti;\l ignorability assumes that both the X to M and X to Y relationships are not confounded, and also that the M to Y relationship is not confounded.
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could result in error combinations being non-normal, due to a product of the mediators' error terms. Their method estimates
potential outcome probabilities, and natural direct and indirect effects using the causal inference potential outcomes fra-
mework. Alongside natural direct and indirect effects, the controlled direct effect may be useful for interpretation: this
corresponds to the exposure effect that would remain after an intervention that sets the mediator(s) to a specific level (see
[Richiardi et al., 2013] for definitions of natural direct and indirect, as well as controlled direct, effects in epidemiological
studies). The controlled direct effect has been suggested to be more useful in observational research (Richiardi et al., 2013),
particularly research involving health disparities (Naimi et al., 2014). Importantly, if there is no exposure-mediator inter-
action then the controlled direct effect and the natural direct effect are equivalent (Richiardi et al., 2013), and in our analysis,
the specific level that the mediator(s) would be set is to the non-exposed level.

2.4.3 | Sensitivity analysis

Sensitivity analysis is used to check how susceptible a mediated effect is to the risk of confounding. While all four of the
previously mentioned confounding assumptions are relevant for interpreting causality with natural direct and indirect effects,
only the first two assumptions are relevant for interpreting causality with controlled direct effects. Formal sensitivity analysis
methods have focused on the mediator-outcome relation for single mediators, and for a two mediator sequential effect, in the
R mediation package (Tingley et al., 2014). See Supporting Information Appendix E, for examples. However, formal
sensitivity analysis for more than two mediators in a joint mediation approach is not currently available, although it has been
identified as an area for future work (Nguyen et al., 2016). Therefore, in the absence of a formal calculated sensitivity analysis
parameter such as rho, an interpretive judgment based on the size of the mediated effect, the completeness of the joint set of
mediators, and the likelihood of other potential unmeasured confounders, can be made in the joint mediation approach. To
assist this judgment, we used the E value which provides an approximate sensitivity analysis for different types of un-
measured confounding (Smith & VanderWeele, 2019; VanderWeele & Ding, 2017).

2.4.4 | Ethics

The original study was approved by the Norwegian Social Science Data Services. The current study is based on analyses of
anonymized secondary data, and no further ethical approval was required.

3 | RESULTS

Participants were 17,761 young people aged 13-18 years (48.8% male; 50.6% female). The proportions of adolescents within
each age group were broadly similar. Less than 10% of the sample came from families where the parents had lower levels of
education (6.8%) or were receiving financial aid (8.5%). Across the whole sample, 10,170 (57.3%) had consumed alcohol and
7779 (43.8) reported being intoxicated in the past year (Table 1).

3.1 | Replication analysis

We first replicated the original traditional mediation analysis using the difference method reported by (Pape et al., 2017).
Limiting the sample to respondents aged 13-16, as per the original analysis, our results were consistent with the previous
findings (Supporting Information Appendix B). For example, in our analysis, we estimated the relative risk (RR) for the Base
model, with Drinker prevalence as the outcome and Parental Education as the exposure, as 1.21 (1.10-1.34) which was
consistent with the estimate from (Pape et al., 2017) of 1.21 (1.13-1.29). For the full model, including family socialization
mediators, the estimates were also consistent: 0.99 (0.90-1.10) and 1.00 (0.94-1.06), respectively.

3.2 | Moderation analysis

Using the full sample (all age groups) we found that, overall, there was no evidence for interaction effects in the prediction of
the outcome. This indicates that the family socialization effects on the outcome are consistent across different values of the
exposure (Table 2). Parental acceptance of drinking may be moderated very slightly, only for the parental education
exposure, as this was significant at p < .05, but this could be a false positive given the number of tests. This analysis does not
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TABLE 1 Sample demographic information, by gender

Male Female Missing Totals

Age 13 1381 48.8% 1430 50.5% 18 0.6% 2829
14 1473 49.6% 1474 49.7% 21 0.7% 2968

15 1571 49.3% 1584 49.7% 29 0.9% 3184

16 1753 51.1% 1672 48.8% 4 0.1% 3429

17 1560 48.8% 1626 50.8% 12 0.4% 3198

18 936 43.5% 1204 55.9% 13 0.6% 2153

Parent education High 3834 47.8% 4142 51.6% 45 0.6% 8021
Medium 4266 50.0% 4222 49.5% 47 0.6% 8535

Low 574 47.6% 626 52.0% 5 0.4% 1205

Marginal socioconomic position No 7947 48.9% 8223 50.6% 87 0.5% 16257
Yes 727 48.3% 767 51.0% 10 0.7% 1504

Past year drinking No 3986 52.5% 3564 47.0% 41 0.5% 7591
Yes 4688 46.1% 5426 53.4% 56 0.6% 10170

Past year drunkenness No 5160 51.7% 4764 47.7% 58 0.6% 9982
Yes 3514 45.2% 4226 54.3% 39 0.5% 7779

Note: Overall N =17,661.

provide support for H2, the stepped family socialization deficit hypothesis and therefore, in the causal mediation analysis,
we excluded interaction terms.

3.3 | Causal mediation analysis with multiple mediators

Potential outcomes were estimated for each model. For example, focusing on the model for the parental education exposure
with the drunkenness prevalence outcome, the potential prevalence of adolescent self-reported yearly drunkenness had
the whole sample been in the medium/high parental education condition was estimated to be p00 = 32.2%; and had the whole
sample been in the low parental education condition the potential prevalence was estimated to be pl1 =42.8%. Had the
whole sample been in the low parental education condition but the mediators kept at the medium/high parental education
levels, then the potential prevalence of yearly drunkenness was estimated to be p10 =34.1%. Conversely, had the whole
sample been in the medium/high parental education condition but the mediators kept at the low parental education levels,
then the potential prevalence of yearly drunkenness was estimated to be p01 = 40.8%. These four potential outcome estimates
(p00, p11, pl10, and p01) were used to calculate risk difference (RD) and RR estimates for total, natural indirect, and natural
direct effects, and these are shown in Table 3. As well as the models for the full sample, we also provide results by age groups
13-14, 15-16, and 17-18 in Figure 2 and Supporting Information Appendix D.

Overall, the estimates are slightly stronger for the parental education exposure than for the marginal SEP exposure. The
effect of both exposures on either drinking or drunkenness over the past year is fully mediated, supporting H1. For the full
sample, on the RD (the difference between the risk of the outcome in the exposed group and the unexposed group) scale the
natural indirect effect estimates ranged from 5.4% for the Drunk ~ Marginal SEP model to 9.8% for the Drinker ~ Parental
Education model. In contrast, the natural direct effect RD estimates range from 2.7% for the Drunk ~ Marginal SEP model to
1.2% for the Drinker ~ Parental Education model. On the RR (the multiplicative increase (or decrease) in the risk of the
outcome in the exposed group compared to the unexposed group) scale the natural indirect effect estimates, with 95%
confidence intervals, ranged from 1.13 (1.10-1.17) for the Drinker ~ Marginal SEP model to 1.27 (1.21-1.32) for the Drunk ~
Parental Education model. In contrast, the natural direct effect RR estimates ranged from 1.02 (0.97-1.07) for the Drinker ~
Marginal SEP model to 1.07 (1.00-1.14) for the Drunk ~ Parental Education model.

These results clearly provide support for H1, the family socialization deficit hypothesis. By definition, as H1, the fully
mediated model, is clearly supported by the results, we can also report that H3, the status deficit hypothesis, and H4, the
partial mediation hypothesis, are not supported.
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TABLE 2 Moderation model parameter estimates (95% confidence intervals) for different outcome (drinker or drunkenness) and socioeconomic status
(parental education or marginal socioeconomic position, SEP) variables

Drinker ~ Parental Drunk ~ Parental
Effect Education Education

Drunk ~ Marginal
Drinker ~ Marginal SEP SEP

Predictors

Socioeconomic status (either parental

education or marginal SEP)
Parent-child relationship quality
Parental monitoring
Lax parenting
Parental acceptance of drinking
Parents approve drinking with peers
Maternal intoxication
Paternal intoxication
Age
Gender
Interaction (moderator) effects

Socioeconomic status x Parent-child
relationship quality

Socioeconomic status x Parental
monitoring

Socioeconomic status x Lax parenting

Socioeconomic status x Parental

1.07 (0.97-1.18)

1.06 (1.04-1.09)
1.13 (1.10-1.15)
0.96 (0.94-0.99)
1.21 (1.17-1.24)
1.03 (0.97-1.10)
1.04 (1.01-1.06)
1.08 (1.06-1.11)
1.35 (1.30-1.41)

1.18 (1.13-1.23)

1.00 (0.93-1.07)

0.97 (0.90-1.05)

1.02 (0.95-1.11)

0.91 (0.83-0.99)

1.09 (0.97-1.22)

1.07 (1.04-1.10)

1.14 (1.10-1.17)

0.96 (0.93 to 0.99)
1.21 (1.17 to 1.25)
1.13 (1.06 to 1.21)
1.06 (1.04 to 1.09)
1.10 (1.07 to 1.13)
1.43 (1.36 to 1.51)

1.24 (1.18 to 1.30)

0.99 (0.92-1.08)

0.96 (0.89-1.05)

1.00 (0.92-1.10)

0.92 (0.83-1.01)

1.03 (0.95-1.13)

1.07 (1.04-1.09)
1.12 (1.10-1.15)
0.97 (0.94-0.99)
1.20 (1.17-1.24)
1.03 (0.97-1.10)
1.03 (1.01-1.06)
1.08 (1.06-1.11)
1.35 (1.30-1.41)

1.18 (1.13-1.23)

0.95 (0.89-1.02)

0.99 (0.92-1.07)

0.98 (0.91-1.05)

0.95 (0.87-1.03)

1.02 (0.92-1.13)

1.08 (1.05-1.11)
1.13 (1.10-1.16)
0.96 (0.94-0.99)
1.21 (1.17-1.25)
1.13 (1.06-1.21)
1.07 (1.04-1.09)
1.10 (1.07-1.13)
1.43 (1.37-1.51)

1.24 (1.19-1.30)

0.95 (0.88-1.03)

1.00 (0.93-1.09)

0.99 (0.91-1.07)

0.96 (0.88-1.06)

acceptance of drinking

Socioeconomic status x Parents approve 1.05 (0.86-1.28) 1.05 (0.85-1.30) 1.04 (0.86-1.24) 1.04 (0.86 to 1.27)

drinking with peers

Socioeconomic status x Maternal 0.97 (0.91-1.04) 0.98 (0.91-1.05) 0.99 (0.94-1.05) 0.97 (0.91-1.03)

intoxication

Socioeconomic status x Paternal
intoxication

0.99 (0.93-1.06) 1.00 (0.94-1.08) 0.99 (0.94-1.05) 1.02 (0.95-1.09)

Note: Moderation model with complete sample of 13- to 18-year-olds, N = 17,493 included in model; the symbol “~” is notation used in the R programming language to separate
the dependent variable (drinking) from the independent variable (socioeconomic status).

In a subgroup analysis, by age, the natural indirect effects are particularly strong for the youngest age group, with a RR of
1.90 (1.60-2.24) for the Drunk ~ Parental Education model in 13- to 14-year-olds (Figure 2 and Supporting Information
Appendix D). The natural indirect effect is weaker for 15- to 16-year-olds, and practically disappears amongst the oldest
group, with a RR of 1.06 (1.03-1.10) for the Drunk ~ Parental Education model in 17- to 18-year-olds. Although we have not
made a formal statistical comparison across age groups, the subgroup results may suggest that H1, the family socialization
deficit hypothesis, is particularly salient for younger adolescents, but is much less relevant as young people move into their
later teenage years.

If the model is correctly specified and the identifying assumptions hold, we can interpret these effects as causal. For
example, in the Drunk ~ Parental Education model for the subsample of 15- to 16-year-olds, if the whole subsample had been
in the low parental education category (as opposed to medium/high parental education), this would have increased annual
drunkenness prevalence by 13.3% (the total effect). If the whole 15- to 16-year-old subsample had been in the low parental
education category, but the mediators had been kept at medium/high parental education levels and not allowed to change,
this hypothetical condition would have increased annual drunkenness prevalence, relative to the medium/high parental
education category, by only a small amount: 2.7% (the direct/unmediated effect). Relative to this hypothetical condition, if
the whole 15- to 16-year-old subsample had been in the low education category and their mediators were kept at levels
consistent with low parental education, then annual drunkenness prevalence would be increased by 12.8% (the indirect/
mediated effect).
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FIGURE 2 Age subgroup causal mediation effects with 95% confidence intervals for different outcomes (drinker status, drunk status) and exposure
(parental education, marginal socioeconomic position [SEP]) multiple mediator models and effects specified as relative risks. See Supporting Information
Appendix D for full table of effect estimates [Color figure can be viewed at wileyonlinelibrary.com]

3.4 | Sensitivity analysis for confounding

In a formal sensitivity analysis for single mediators, the value of the mediated effect is much lower than with the multiple
mediator set reported in Table 3. Linked to this, the sensitivity analysis parameter, rho, is small (see Supporting Information
Appendix E) and indicates that any unmeasured confounding bias could easily remove the natural indirect effect. However,
the natural indirect effect with the multiple mediator set is much larger, and therefore it is somewhat less likely that
unmeasured confounding bias would eliminate the natural indirect effect. In approximate sensitivity analysis, the RR E value”
was 1.51 (lower bound [Ib] =1.28) for the risk of confounding between the exposure and the outcome (no confounding
Assumption 1), and 2.00 (Ib =1.89) for the risk of confounding between the mediator and the outcome (no confounding
Assumption 2), in the Drunk ~ Parental Education model (effect RRs from Supporting Information Appendix B and D,
respectively). In the youngest age-group, the E values were 3.02 (Ib = 2.04) (Assumption 1), and 3.36 (b = 2.87) (Assumption
2). The E value can be interpreted as the effect size that unmeasured confounders would have to reach to fully account for the
observed effect; specifically, it is the joint minimum strength of association on the risk ratio scale that an unmeasured
confounder must have with the treatment and outcome to fully explain away an observed treatment-outcome risk
(VanderWeele & Ding, 2017).

4 | DISCUSSION

In this analysis, we revisited a traditional mediation analysis using a causal mediation approach, and the hypothesis that SES
effects on adolescent substance abuse are fully mediated by family socialization practices was supported in our modeling. The
natural indirect effects in the multiple mediator analysis were consistent across different exposure and outcome measures and
were relatively stronger in younger age groups. In our causal mediation analysis, the natural direct effect fixed the combined
mediators for each individual to the level which they naturally would have been under the absence of exposure. The natural
indirect effect assumes that exposure is set to some level (e.g., “nonexposed”) and then compares what would have happened
if the combined mediators were set to “nonexposed” versus “exposed.” While this analysis is appropriate from a technical
perspective, it is not so straightforward to interpret from a policy perspective (Naimi et al., 2014). It typically is not practical
to put in place a policy that will switch people from being “exposed” to a “nonexposed” status (unlike in intervention trials
where a switch from “not treated” to “treated” is entirely plausible). So for epidemiological studies natural direct and natural
indirect effects have a less straightforward interpretation as they cannot easily be used to understand the change in the

2R code for the calculated E values is in the OSF archive (D. R. Foxcroft, 2021).
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outcome that might be achieved by intervening on the exposure and the mediator(s). Instead, the controlled direct effect may
be useful for interpretation: this corresponds to the exposure effect that would remain after an intervention that sets the
mediator(s) to a specific level. As we found no exposure-mediator interaction then the controlled direct effect and the natural
direct effect are equivalent, and in our analysis, the specific level that the mediator(s) would be set to is the nonexposed level.
For example, we can report that if an intervention changed family socialization practices such that everyone was brought up
to the higher levels shown in the medium/high parental education (the nonexposed) group, then disparities in adolescent
drunkenness prevalence amongst 15- to 16-year-olds would be reduced to 2.0%.

4.1 | Limitations

The analysis in this paper relies on cross-sectional data, as all measures were collected at one point in time. This does limit
the causal inferences that can be made, although we suggest that SES measures are largely fixed and stable, that family
socialization is generally consistent within families over time, and that it is unlikely that family socialization patterns or
adolescent alcohol use cause SES, for example, level of parental education. That said, we have relied on self-reported survey
data so this may introduce some self-report bias, and also the possibility that family socialization and adolescent drinking are
interdependent. There is some evidence that survey measures of parenting and outcomes are dynamically and dyadically
determined by youth and parents (Bell & Chapman, 1986; Lytton, 2000; Wilkinson et al., 2021).

The outcome in our analysis was either drinking or drunkenness prevalence, but alcohol use may not be as closely linked
to SES as other health behaviors. Furthermore, this relation may be contingent on the SES measure used. There is some
evidence that low socioeconomic status adolescents report poorer nutritional habits, less exercise as well as smoking, but
limited evidence for alcohol consumption or marijuana use (Hanson & Chen, 2007). In particular, it appeared that lower SES
may be more likely to be related to negative health behaviors if SES was measured using SES indicators such as parent
education. In contrast, there was some support to suggest that, when indicators of family financial resources are used, higher
SES adolescents are at greater risk for marijuana use.

In our causal mediation analysis, there was no substantive or consistent evidence of exposure-mediator interactions, and
therefore this assumption was met. We have also stated that the controlled direct effect is more relevant for observational
studies, especially studies of health disparities, and therefore, only the first two assumptions of no confounding (the
exposure-outcome relation and the mediator-outcome relation) are relevant for causal interpretation. In our analysis, we did
not include an extensive set of potential confounders because of limited data, and it is possible that unmeasured confounding
of the exposure-outcome relation could account for the mediation effect that we found. For example, it is plausible that other
variables such as parental psychopathology (e.g., depression), genotype, local economic conditions could confound the
results. We acknowledge that mediational causal inference in observational studies is fraught with difficulty, some might say
it is an alchemic quest. As others have previously noted, mediation analysis is not able to identify unique mediators, nor
distinguish between alternative causal models (Fiedler et al., 2011). What we also do not know from this analysis is how the
different mediators contribute to the mediation effect, and therefore how they might each be targeted through policy or
interventions. This is a limitation of the causal inference joint mediator approach (Nguyen et al., 2016).

5 | CONCLUSION

We were able to replicate the results from (Pape et al., 2017) and move toward a more formal causal interpretation. The
results provide some tentative causal evidence support for the idea that improving family socialization practices could
potentially reduce risk behaviors and improve health outcomes, especially with a universal approach, or even a proportionate
universal approach (M. Marmot, 2010) may help reduce health disparities. This evidence was stronger in the younger 13- to
14-year-old age group. However, we were not able to fully account for the potential risk of confounding either in study
design, modeling, or sensitivity analysis. That said, other recent studies also support the idea of improving family sociali-
zation practices. For example (Chen et al., 2019), concluded that positive parenting improves multiple aspects of health and
well-being in young adulthood. Effective parent and family interventions might usefully contribute as part of a compre-
hensive prevention system that includes macrolevel policies to tackle the structural determinants of health disparities, such as
poverty, alongside, family and individual approaches (Foxcroft, 2014; Pearce et al., 2019).

As the next step for future research, other studies and analyses could check the consistency of findings across settings and
measures, especially as substance use initiation is probably not a straightforward measure of health and well-being. Our
findings suggest it is especially important to undertake multiple mediator analysis with a theoretically informed and complete
set of mediators, and future research should also investigate the contribution of individual mediators in a multiple mediator
analysis while adjusting for a range of potential confounders. And further intervention development and evaluation studies
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are required to advance understanding of why some family interventions appear to be effective in some settings and contexts,
but less so in others (Gilligan et al., 2019).

5.1 | Data, materials, and online resources

The code to reproduce these analyses is available at https://osf.io/u49aw/?view_only-81e2df88ae5444739dc14c0d97331f84.
The OSF project contains all necessary files to reproduce the analysis in MPlus and R, as well as a preprint of this manuscript.
Requests for data sharing can be made to Pape et al. (2017) who shared the data for the analysis presented in this paper.
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