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Abstract

Background: Childhood family income has been shown to be associated with later psy-
chiatric disorders, substance misuse and violent crime, but the consistency, strength and
causal nature of these associations remain unclear.

Methods: We conducted a nationwide cohort and co-sibling study of 650 680 individuals
(426 886 siblings) born in Finland between 1986 and 1996 to re-examine these
associations by accounting for unmeasured confounders shared between siblings. The
participants were followed up from their 15™ birthday until they either migrated, died,
met criteria for the outcome of interest or reached the end of the study period (31
December 2017 or 31 December 2018 for substance misuse). The associations were ad-
justed for sex, birth year and birth order, and expressed as adjusted hazard ratios (aHRs).
The outcomes included a diagnosis of a severe mental illness (schizophrenia-spectrum
disorders or bipolar disorder), depression and anxiety. Substance misuse (e.g. medica-
tion prescription, hospitalization or death due to a substance use disorder or arrest
for drug-related crime) and violent crime arrests were also examined. Stratified Cox re-
gression models accounted for unmeasured confounders shared between differentially
exposed siblings.

Results: For each $15 000 increase in family income at age 15vyears, the risks of the
outcomes were reduced by between 9% in severe mental illness (aHR=0.91; 95%
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confidence interval: 0.90-0.92) and 23% in violent crime arrests (aHR =0.77; 0.76-0.78).
These associations were fully attenuated in the sibling-comparison models (aHR range:
0.99-1.00). Sensitivity analyses confirmed the latter findings.

Conclusions: Associations between childhood family income and subsequent risks for
psychiatric disorders, substance misuse and violent crime arrest were not consistent

with a causal interpretation.

Key words: Socio-economic status, family income, schizophrenia, bipolar disorder, depression, anxiety, sub-
stance-use disorders, violence, quasi-experimental research designs, public health

Key Messages

misuse and violent crime remains unclear.

* The causal nature between childhood family income and subsequent risks for psychiatric disorders, substance

* In this Finnish cohort study of 650 680 individuals, we initially found that increased family income was associated
with lower risks of psychiatric disorders, substance misuse and arrest for a violent crime.

* However, once we compared siblings who grew up in the same household but were exposed to varying income
levels at specific ages, the associations were no longer present.

* Associations between family income and subsequent psychiatric disorders, substance misuse and violent crime
arrest were therefore explained by shared familial risks and were not consistent with a causal interpretation.

Introduction

Around a fifth of children in high-income countries are
reported to live in relative income poverty, ranging from
~10% in the Nordic countries to 30% in the USA.!
Children and adolescents who grow up in low-income
households are typically at least twice as likely as their

3 mood and

peers to develop schizophrenia-spectrum,”
anxiety disorders,* as well as to engage in substance misuse
and violent crime.”® Furthermore, longitudinal studies
have found that upward mobility in family income predicts
better psychiatric outcomes in children than persistent in-
come poverty.>*® Expert opinion has postulated that these
links between family income and later psychiatric morbid-
ity are partly causal. Recommendations have been made
that mental health professionals take an active role in ad-
vocating for reductions of population-level income differ-
ences and to implement interventions to assist low-income
families in the direction of upward income mobility.>”~’
However, the extent to which such actions can specifically
reduce rates of psychiatric disorders and related behaviours
partly depends on the observed associations being causal,
which has yet to be rigorously tested.

A key methodological limitation of the literature is that
alternative hypotheses, such as unmeasured familial con-
founding (i.e. that the associations are accounted for by
omitted familial risk factors that cause low parental

income and increased rates of offspring psychiatric disor-
ders, substance misuse and violent crime), have been
largely ignored.'® The importance of such mechanisms is
underlined by twin studies that have consistently reported
that income phenotypes are moderately to considerably
heritable (~40-60%).'" These findings are expected be-
cause heritable characteristics, such as cognitive abilities,
impulsivity and personality traits, increasingly predict dif-
ferences in social outcomes as societies move towards mer-

12714 Moreover, there is considerable

itocratic systems.
evidence that psychiatric disorders are also heritable (~30-
80%)">'® and molecular genetic studies have recently esti-
mated genetic correlations between income and many psy-
chiatric and neurodevelopmental disorders'*'? Genetically
informative research designs that can explicitly account for
unmeasured familial risk factors and thereby isolate the re-
sidual, and potentially causal, effects of environmental risk
markers (i.e. family income) are required to move the field
beyond identifying associations and inform the design of
potentially effective interventions.'’

Therefore, we have conducted a study of the entire pop-
ulation of Finland born between 1986 and 1996 who re-
sided in the country during their childhood and
adolescence, including >650 000 individuals. We used
high-quality nationwide registries to examine how family-

income trajectories during childhood and adolescence were
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associated with subsequent risks for psychiatric disorders,
substance misuse and violent crime arrest. We assessed the
role of unmeasured familial confounders by comparing the
rates of the outcomes between differentially exposed sib-
lings who, due to having different birth years, were ex-
posed to varying levels of family income at specific ages.

Methods

We defined the target study population as individuals who
met the following criteria: (i) born in Finland between 1
January 1986 and 31 December 1996, (ii) registered to re-
side in Finland on 31 December 2000 and (iii) could be
linked to both biological parents (z =705 887). All Finnish
residents are assigned a unique personal identification
number, which is used in different nationwide registers and
provides accurate linkage.”® We were granted permission
to use anonymized data from Statistics Finland following
an approval by their Ethics Board (TK-53-525-11).
Informed consent is not a requirement for register-based
studies in Finland.

Data on socio-demographic factors were retrieved from
annual population registries covering the entire population
of Finland between 1987 and 2018. The Causes of Death
register, maintained by Statistics Finland, provided mortal-
ity dates in addition to their underlying and contributory
causes (International Classification of Diseases, ICD-8, -9
and -10; 1969-2017; coverage >99%).*"! Individuals diag-
nosed with psychiatric disorders and substance-use disor-
ders were identified from the Care Register for Health
Care, maintained by the Finnish Institute for Health and
Welfare, which includes inpatient-care episodes (ICD-8, -9
and -10; 1969-2017) and specialist outpatient visits (ICD-
10; 1998-2017) but not primary-care visits or care pro-
vided by smaller private clinics.”” The specialist outpa-
tient-care data are routinely collected from all publicly
funded secondary care providers, including hospitals and
other specialist clinics.”> The Prescription Drug Register,
maintained by the Social Insurance Institution of Finland,
provided data on all prescription drug purchases in the
Anatomical Therapeutic Chemical classification system
(1995-2018). All criminal arrests recorded by the police
authorities since 1996 were derived from registers main-
tained by Statistics Finland. We were restricted to annual
arrest dates, which we set to 31 December for each year.

Our analytical sample included individuals who were in
the national population registers from birth up to age
15 years and had at least one parent included in the na-
tional censuses during the same period (7 =650 680), cov-
ering 92.2% of the targeted sample. Within the analytical
sample, we identified 426 886 full-siblings in 185 327 fam-
ilies. The participants were followed up from their 15™

birthday until they either migrated, died, experienced the
outcome of interest or were alive at the end of the follow-
up period (31 December 2017 or 31 December 2018 for
substance misuse).

The primary exposure was family income, defined as
the sum of both parents’ inflation-adjusted gross taxable
income in 2019 USD values, measured at the end of the
year in which the offspring turned 15 years of age. These
data were obtained from the tax authorities. Consistently

23:24 we divided the family income

with previous studies,
measure by the square root of the number of family mem-
bers to correct for differences in family size. We also con-
sidered alternative income measures, including disposable
family income, either with or without family size correc-
tions, in complementary sensitivity analyses.

We examined three categories of psychiatric disorders,
including severe mental illness (e.g. schizophrenia-spec-
trum disorder and bipolar disorder), depression and anxi-
ety (ICD-codes are presented in Supplementary Table S1,
available as Supplementary data at IJE online). In addition,
we examined substance misuse (e.g. a diagnosis of a sub-
stance use disorder, an arrest for a drug-related crime or a
prescription for medications used in alcohol- and opioid-
definitions are presented in

and S3,
Supplementary data at IJE online) and violent crime arrest.

addiction treatment;

Supplementary Tables S2 available as
The validity of single-episode schizophrenia-spectrum dis-
order (positive predictive value, PPV: 75-100%),>* bipolar
disorder (PPV =87-93%),>° depression (PPV=0.81)%°
and alcoholic psychosis (PPV=92%)> diagnoses have
been shown to range from fair to excellent in Finland.

Analytical approach

First, we estimated adjusted hazard ratios (aHRs) by fitting
a series of Cox regression models that examined the associ-
ations between family income at age 15 years and subse-
quent risks of the psychiatric disorders, substance misuse
and violent crime arrest whilst accounting for the time at
risk. We initially fitted separate models that gradually
accounted for an increasing number of measured con-
founders. In the crude model, we only adjusted for sex,
birth year and birth order. Second, we fitted an adjusted
model that additionally accounted for immigrant back-
ground, urbanicity, single-parent household, parental edu-
cational attainment as well as specific parental psychiatric
disorders (e.g. severe mental illness, depression and anxi-
ety), substance misuse and violent crime arrest; definitions
are presented in Supplementary Table S4, available as
Supplementary data at IJE online. Third, we fitted a strati-
fied Cox regression model, in which we allowed the base-
line hazard rate to vary across clusters of siblings, which
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implies that the comparisons were made within nuclear
families and between the siblings rather than between
unrelated individuals. This approach allowed us to account
for all unmeasured factors that were shared between the
siblings, which included approximately half of their co-seg-
regating genes and their shared childhood environmental
influences. The degree to which the adjusted population
estimates were attenuated within families indicated the
level of unmeasured familial confounding. We explored
timing and accumulation effects by rerunning the crude
and sibling-comparison models for the annual family in-
come measures at ages 1, 5 and 10 years in addition to the
mean family income accumulated across all four measure-
ments. We conducted visual inspections of scaled
Schoenfeld residuals across time to assess whether the pro-
portional-hazards assumption of the models was met.””
Multiple testing correction was performed using the Holm-
Bonferroni method.?®

In sensitivity analyses, we fitted group-based trajectory

*29 which allowed us to identify groups of individ-

models,
uals who were exposed to distinct family-income trajecto-
ries (Supplementary Material, available as Supplementary
data at IJE online). We then compared risks of the out-
comes between siblings who were exposed to different
family-income trajectories. We also considered alternative
exposures (e.g. parental receipt of means-tested social as-
sistance, unemployment benefits and disability pension)
and outcomes, including individual diagnoses of severe
mental illnesses (e.g. schizophrenia, schizophrenia-spec-
trum disorders and bipolar disorder) and specific substance
misuse outcomes (e.g. alcohol- and drug-use disorders as
well as drug-related crime arrests). The coverage of the
outpatient care data was not completed until 2006 due to
differences in reporting practices between hospital dis-
tricts.”>>" To test whether these differences affected our
findings, we excluded all data on outpatient-care visits
prior to 2006. Furthermore, we tested for the potential im-
pact of reverse causation bias by excluding individuals
who met criteria for any of the outcomes before their 15™
birthday (z=12 555). We also tested for within-family ef-
fect modification of family income by sex, birth year and
birth order by including interaction terms in the sibling-
comparison models. We explored potential non-linear
within-family associations by refitting the sibling-compari-
son models and applying a series of natural cubic spline
transformations of the family income exposure with up to
10 degrees of freedom.>' The natural cubic spline and in-
teraction models were separately compared with the main
sibling models to assess their fit.

The sibling-comparison design makes a number of
assumptions, including siblings being generalizable to the
population, exposures having sufficient within-family

variability and the absence of sibling carry-over effects
(e.g. the exposures and outcomes being uncorrelated be-
tween siblings). To test for these assumptions, we initially
fitted the crude model on the sibling sample and compared
the estimates with the crude model in the full sample. We
then estimated sibling correlations for all of the family in-
come measures using linear mixed-effects models,*> which
allowed us to assess the relative proportion of the income
differences that were either shared within families or
unique to each sibling. To satisfy distributional assump-
tions, we log-transformed the income measures in these
specific analyses. Lastly, we relaxed all three of these
assumptions by running complementary analyses using dif-
ferentially exposed cousins, who share on average 12.5%
of their co-segregating genes. We identified 243 282 full-
cousins who were nested within 63 396 extended families.
To avoid comparing differentially exposed siblings nested
within extended families, we decided to stratify the Cox-re-
gression models across 651 652 cousin pairs who shared
the same maternal-side grandmother but not the same
mother. As individuals were nested within multiple
cousin pairs, we used individual-specific cluster-robust
standard errors in these analyses. To test for residual
environmental confounding, we also examined cousin
pairs who resided in different municipalities at age 15 years
(Mcousins = 188 641; Mextended families =48 091).

Results

Socio-demographic characteristics and parental histories of
psychiatric disorders, substance misuse and violent crime,
stratified across those who met criteria for the outcomes
(n=127 461 or 19.6%) and controls (#=2523 219 or
80.4%), are presented in Table 1. Compared with individ-
uals who did not meet criteria for any of the outcomes, we
found that those with the examined outcomes were ex-
posed to higher levels of psychosocial adversities (Table 1).
The follow-up period was ~11 years across the outcomes
(range: 10.8-11.9) and the rates varied between 2.1 per
1000 person-years for severe mental illness to 8.0 per 1000
person-years for depression (Table 2).

We initially found that for each $15 000 increase in
family income measured at age 15 years, risks of the out-
comes were reduced by between 9% (adjusted hazard ra-
tio, aHR =0.91; 95% confidence interval: 0.90-0.92) for
being diagnosed with a severe mental illness to 23%
(aHR =0.77; 0.76-0.78) for being arrested of a violent
crime (Figure 1). Following adjustments for an extensive
set of measured familial confounders, these associations
remained but were attenuated (aHR range: 0.92-0.96;
Figure 1). However, when we compared the risks of the
outcomes between differentially exposed siblings to
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Table 2. Person-time at risk, number of cases and rates per 1000 person-years among individuals born in Finland in 1986-1996
and followed up until 31 December 2017 (31 December 2018 for substance misuse)

Person-time at risk (years)

Number of cases Rate per 1000 person-years (95% CI)

Total Average per person (SD)

Severe mental illness 7280 833 11.2(3.3) 15530 2.1(2.1-2.2)
Depression 7024 231 10.8 (3.7) 56 000 8.0 (7.9-8.0)
Anxiety 7158 842 11.0 (3.5) 39710 5.5(5.5-5.6)
Substance misuse 7744 619 11.9 (3.6) 39611 5.1(5.1-5.2)
Violent crime arrest 7 060 102 10.9 (3.6) 44 578 6.3 (6.3-6.4)

Severe mental illness —_— :

. |

Depression — '

Anxiety - e E

Substance misuse —_—— i

Violent crime arrest —_—— :

0.75 0.80 0.85 0.90 0.95 1.:)0

Adjusted hazard ratio

+ Crude + Adjusted for measured familial confounders + Sibling—comparisons

Figure 1. Associations between family income at age 15 years (in units of $15 000) and subsequent psychiatric disorders, substance misuse and vio-
lent-crime arrest among individuals born in Finland in 1986-1996 and followed up until 31 December 2017 (31 December 2018 for substance misuse).
All models were adjusted for sex, birth year and birth order. The adjusted-for-measured-confounders models were adjusted for immigrant back-
ground, urbanicity, single-parent household, parental educational attainment, psychiatric disorders, substance misuse and violent-crime arrest.

account for unmeasured familial confounders, we found
that the associations were entirely attenuated (aHRs: 0.99-
1.00; P > 0.05; Figure 1). Consistently with the absence of
non-linear effects, none of the other ways to measure family
income improved the fit of the sibling models (P > 0.05) and
we did not find evidence for any within-family effect modifi-
cation of family income by either birth order, birth year or
sex (P> 0.05). The findings remained intact when we ex-
cluded incomplete outpatient care data prior to 2006
(Supplementary Figure S1, available as Supplementary data
at IJE online), individuals who met criteria for the outcomes
before the baseline of the study (Supplementary Figure S2,
available as Supplementary data at IJE online) and when we
considered alternative outcome definitions, including psy-
chotropic medication prescriptions (Supplementary Figure
S3, available as Supplementary data at IJE online).
Although the strength of the crude population-wide
associations varied temporally when we considered earlier

measurements of family income at ages 1, 5 and 10years
(aHRuqe range 0.60-0.91; Figure 2) in addition to the
mean family income accumulated across all four measure-
ment points (aHR 4. range 0.61-0.85; Figure 2), all of
the corresponding sibling-comparison estimates were fully
attenuated (aHR range 0.97-1.03; P > 0.05; Figure 2). We
obtained similar results when we considered alternative
definitions of family income (Supplementary Figure S4,
available as Supplementary data at IJE online), including a
categorical measure of family-income trajectories
(Supplementary Material, available as Supplementary data
at IJE online) and other indicators of parental socio-eco-
nomic status (Supplementary Figure S5, available as
Supplementary data at IJE online).

To assess the underlying assumptions of the sibling-
comparison model, we carried our several sensitivity analy-
ses. The siblings in our sample did not systematically differ

from the full population as the crude associations were
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Figure 2. Associations between family income measured across ages 1-15 years (in units of $15 000) and subsequent psychiatric disorders, substance
misuse and violent-crime arrest among individuals born in Finland in 1986-1996 and followed up until 31 December 2017 (31 December 2018 for sub-
stance misuse). All models were adjusted for sex, birth year and birth order. The average family-income measure was calculated using four measure-

ment points (e.g. ages 1, 5, 10 and 15 years).

comparable across both subsets (Supplementary Figure S6,
available as Supplementary data at IJE online). The null
findings within families could not be attributed to insuffi-
cient income variability, as the sibling correlations for the
family income exposures increased from 0.71 to 0.80
across the four measurement points, thus indicating that
between ~20% and 30% of the observed income differen-
ces were unique to siblings within families. Despite only
accounting for 12.5% of unmeasured genetic confounders,
we found that associations derived from comparing differ-
entially exposed cousins were attenuated by a median of
40.3% (range: 28.0-44.4%; Supplementary Figure S7,
available as Supplementary data at IJE online) relative to
the crude population estimates, thus providing additional
validity to the sibling-comparison analyses. We found neg-
ligible differences when restricting the analyses to cousin
pairs who resided in different municipalities at age 15 years
(Supplementary Figure S7, available as Supplementary
data at IJE online).

Discussion

In this nationwide cohort study of 650 680 individuals
born in Finland between 1986 and 1996 and followed up
until 2018, we found that the population-wide associations
between family income during childhood and adolescence
on subsequent risks of a wide range of psychiatric disor-
ders, substance misuse and violent crime arrest were not
consistent with a causal interpretation. We report two
principal findings.

First, we estimated that for each increase of $15 000 in
family income measured at age 15 years, the offspring were
at least 9% less likely to have been diagnosed with any of

the examined psychiatric disorders, engaged in substance
misuse or been arrested for a violent crime. Consistently
with some previous research that has not used family-

3533 we found that these associations

based designs,
remained but were attenuated by approximately half fol-
lowing adjustments for socio-demographic factors and pa-
rental history of psychiatric disorders, substance misuse
and violent crime arrest. Second, we found that all of the
associations were no longer present once unmeasured fa-
milial confounders shared by siblings were accounted for.
This was done by comparing rates of the outcomes be-
tween siblings of different ages who grew up in the same
household during periods when family income levels var-
ied. The lack of within-family associations could not be
explained by insufficient income variation within families
or alternative definitions of exposures and outcomes. We
found that the results for siblings were generalizable to the
population across all of the outcomes and our complemen-
tary cousin-comparison analyses provided additional sup-
port to our conclusions, as the results were commensurate
across vastly different model assumptions. Together, the
findings therefore support the hypothesis that the same un-
derlying risk factors that have led to low family income are
those that increase the risks of the outcomes of interest.
Our findings are in keeping with an earlier Swedish na-
tionwide study that reported full confounding of the popu-
lation-wide associations between childhood family income
and subsequent risks for violent crime convictions and sub-
stance misuse in sibling-comparison models.** However,
this previous study did not examine the other more com-
mon outcomes and was limited by having data on only five
birth cohorts. Our findings are also consistent with large-
scale within-individual studies that have demonstrated that
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the associations between income and risks for psychiatric

35:36 in adults appear to

morbidity and violent perpetration
be weak, if present at all, when controlled for unmeasured
confounders.>”~*? Studies that have examined the associa-
tions between family income and less severe parent-
reported offspring behavioural problems in pre-adolescent
children using within-family designs have nevertheless
been suggestive of causal effects but the evidence remains
weak.**™*3 These investigations have typically been statisti-
cally underpowered due to small sample sizes and complex
imputation techniques have been required to handle con-
siderable

Importantly, they have typically reported marginal within-

attrition rates across all sample sizes.
family associations that were sharply reduced relative to
corresponding between-family associations. Furthermore,
even if the small reported effects in these previous studies
are validated, they could nevertheless be explained by re-
sidual genetic confounding, as biological full siblings only
share about half of their co-segregating genes.

An important implication of our findings, if replicated
in other contexts, is that interventions that primarily focus
on improving parental earnings will unlikely lead to reduc-
tions in the rates of psychiatric disorders, substance misuse
and violent crime arrests in their offspring. It remains pos-
sible, however, that such interventions may have a positive
impact on outcomes that we have not considered. Whereas
low family income may potentially be helpful in identifying
families at risk, the specific interventions should target fac-
tors that have been found to predict the outcomes of inter-
est in large-scale studies with proper controls for
unmeasured confounding or have been subject to testing in
adequately sized trials. We note that family income will
unlikely mediate such associations, as within-family differ-
ences in income, regardless of their causes, were not associ-
ated with any of the outcomes of interest.

Our results further underline that observational studies
with adjustments for only measured confounders should be
cautiously interpreted. We initially found that sizable fam-
ily income differences persisted when we accounted for a
wide range of measures of parental psychiatric disorders,
substance misuse and violent crime arrests. Such measures
are commonly used in the literature but their ability to ac-
count for familial risk remains limited because they typi-
cally (i) only account for a small number of relatives, (ii)
assume that the relatives have equivalent risks of meeting
criteria for the outcomes and (iii) ignore subclinical symp-
toms by their reliance on clinical diagnoses.**** By adopt-
ing the sibling-comparison approach, we were able to
obtain more accurate estimates of the associations because
we accounted for a more comprehensive set of shared fa-
milial vulnerabilities.

Our study has a number of strengths. The nationwide
Finnish registries allowed us to study >650 000 individuals
and 185 000 families with minimal selection biases.
Several relative and absolute measures of family income
were derived from high-quality population registers, which
provided detailed accounts of the family-income trajecto-
ries across the childhood and adolescence of the partici-
pants. We used data on clinically ascertained diagnoses
and police arrests to identify individuals with psychiatric
disorders in addition to those who engaged in substance
misuse and violent crime. Importantly, we were able to ac-
count for unmeasured familial confounding by adopting
the sibling-comparison design.

Some limitations should be noted. First, the patient data
were restricted to secondary care settings only. However,
we obtained similar results when we examined psychotro-
pic drug prescriptions (e.g. antipsychotics and mood stabil-
izers, antidepressants and anxiolytics), which are
commonly prescribed in primary care settings, as out-
comes. Second, whilst the sibling-comparison design offers
a powerful approach for controlling for unmeasured famil-
ial confounding, it does not inform the extent to which the
familial confounding is genetic or environmental in origin
share both
However, etiological studies of income,'" violent crime

because siblings sources of influences.
convictions*® and psychiatric disorders'*'®'® have typi-
cally reported modest contributions of shared environmen-
tal influences. Elucidating the relative contributions of
genetic and environmental factors to the confounding is an
important future research question that could be addressed
using quantitative genetic models.'®*” Third, the analyses
of violent crime perpetration were based on arrest data,
which had the benefit of including violent perpetrators
who were not convicted but at the cost of including indi-
viduals who were subsequently acquitted. Our findings
did, however, replicate an earlier nationwide Swedish
study that specifically investigated violent crime convic-
tions as the outcome.>* Fourth, the generalizability of our
findings remains unclear. Although rates of psychiatric dis-
orders*® and assaults*” are similar across Western Europe,
there are smaller income differences in Finland than in
other high-income countries." However, causality cannot
be inferred solely based on the magnitude of the income
differences because selection mechanisms into different in-
come groups vary between countries and should be care-
fully modelled for before conclusions are drawn. Future
studies may therefore consider using large-scale, represen-
tative and genetically informative data from non-Nordic
countries to test for cross-country differences. As random-
ized controlled trials of antipoverty programmes and cash-
transfer interventions have shown some promise in low-in-
come countries,’’ large-scale experimental studies with
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long follow-ups are warranted to clarify whether the
effects persist over time and, importantly, whether they
have an impact on adulthood outcomes in the offspring of
the recipients. It is possible that these mechanisms are dif-
ferent between low-income and high-income countries.

In summary, we found that previously widely reported
associations between family income and subsequent risks
of being diagnosed with psychiatric disorders, engaging in
substance misuse and being arrested for a violent crime
were accounted for by unmeasured familial factors. Our
findings support a selection rather than causation hypothe-
sis, where underlying familial risk factors that increase the
likelihood of psychiatric disorders, substance misuse and
violent crime arrest overlap with those explaining family-
income differences. Interventions that aim to prevent these
outcomes in low-income families could therefore consider

other modifiable factors where causality can be
demonstrated.
Supplementary data

Supplementary data are available at IJE online.
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