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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 15th 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 15 years, the risks of the

outcomes were reduced by between 9% in severe mental illness (aHR¼ 0.91; 95%
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confidence interval: 0.90–0.92) and 23% in violent crime arrests (aHR¼0.77; 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

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.1

Children and adolescents who grow up in low-income

households are typically at least twice as likely as their

peers to develop schizophrenia-spectrum,2,3 mood and

anxiety disorders,4 as well as to engage in substance misuse

and violent crime.5,6 Furthermore, longitudinal studies

have found that upward mobility in family income predicts

better psychiatric outcomes in children than persistent in-

come poverty.3,4,6 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.3,7–9

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.10 The importance of such mechanisms is

underlined by twin studies that have consistently reported

that income phenotypes are moderately to considerably

heritable (�40–60%).11 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-

itocratic systems.12–14 Moreover, there is considerable

evidence that psychiatric disorders are also heritable (�30–

80%)15–18 and molecular genetic studies have recently esti-

mated genetic correlations between income and many psy-

chiatric and neurodevelopmental disorders13,19 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.10

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

Key Messages

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

misuse and violent crime remains unclear.

• 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.
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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 (n¼ 705 887). All Finnish

residents are assigned a unique personal identification

number, which is used in different nationwide registers and

provides accurate linkage.20 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%).21 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.22 The specialist outpa-

tient-care data are routinely collected from all publicly

funded secondary care providers, including hospitals and

other specialist clinics.22 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 (n¼650 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 15th

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

with previous studies,23,24 we divided the family income

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-

addiction treatment; definitions are presented in

Supplementary Tables S2 and S3, available as

Supplementary data at IJE online) and violent crime arrest.

The validity of single-episode schizophrenia-spectrum dis-

order (positive predictive value, PPV: 75–100%),25 bipolar

disorder (PPV¼ 87–93%),25 depression (PPV¼ 0.81)26

and alcoholic psychosis (PPV¼92%)25 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.27

Multiple testing correction was performed using the Holm-

Bonferroni method.28

In sensitivity analyses, we fitted group-based trajectory

models,4,29 which allowed us to identify groups of individ-

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.22,30 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 15th

birthday (n¼ 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.31 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,32 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

(ncousins¼ 188 641; nextended families¼ 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

(n¼ 127 461 or 19.6%) and controls (n¼ 523 219 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, aHR¼ 0.91; 95% confidence interval: 0.90–0.92) for

being diagnosed with a severe mental illness to 23%

(aHR¼ 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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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 10 years

(aHRcrude range 0.60–0.91; Figure 2) in addition to the

mean family income accumulated across all four measure-

ment points (aHRcrude 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

Violent crime arrest

Substance misuse

Anxiety

Depression

Severe mental illness

0.75 0.80 0.85 0.90 0.95 1.00

 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.

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 7 280 833 11.2 (3.3) 15 530 2.1 (2.1–2.2)

Depression 7 024 231 10.8 (3.7) 56 000 8.0 (7.9–8.0)

Anxiety 7 158 842 11.0 (3.5) 39 710 5.5 (5.5–5.6)

Substance misuse 7 744 619 11.9 (3.6) 39 611 5.1 (5.1–5.2)

Violent crime arrest 7 060 102 10.9 (3.6) 44 578 6.3 (6.3–6.4)
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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-

based designs,3–5,33 we found that these associations

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.34 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

Severe mental illness Depression Anxiety Substance misuse Violent crime arrest

0.6 0.7 0.8 0.9 1.0 1.1 0.6 0.7 0.8 0.9 1.0 1.1 0.6 0.7 0.8 0.9 1.0 1.1 0.6 0.7 0.8 0.9 1.0 1.1 0.6 0.7 0.8 0.9 1.0 1.1

Average family income 
 between ages 1−15

Age 15

Age 10

Age 5

Age 1

 Adjusted hazard ratio

Crude Sibling−comparisons

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).
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the associations between income and risks for psychiatric

morbidity and violent perpetration35,36 in adults appear to

be weak, if present at all, when controlled for unmeasured

confounders.37–39 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.40–43 These investigations have typically been statisti-

cally underpowered due to small sample sizes and complex

imputation techniques have been required to handle con-

siderable attrition rates across all sample sizes.

Importantly, they have typically reported marginal within-

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.44,45 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

because siblings share both sources of influences.

However, etiological studies of income,11 violent crime

convictions46 and psychiatric disorders15,16,18 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.10,47 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.34 Fourth, the generalizability of our

findings remains unclear. Although rates of psychiatric dis-

orders48 and assaults49 are similar across Western Europe,

there are smaller income differences in Finland than in

other high-income countries.1 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,50 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.
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2. Agerbo E, Sullivan PF, Vilhjálmsson BJ et al. Polygenic risk

score, parental socioeconomic status, family history of psychiat-

ric disorders, and the risk for schizophrenia. JAMA Psychiatry

2015;72:635–41.

3. Hakulinen C, Webb RT, Pedersen CB, Agerbo E, Mok PLH.

Association between parental income during childhood and risk

of schizophrenia later in life. JAMA Psychiatry 2020;77:17–24.

4. Björkenstam E, Cheng S, Burström B, Pebley AR, Björkenstam

C, Kosidou K. Association between income trajectories in child-

hood and psychiatric disorder: a Swedish population-based

study. J Epidemiol Community Health 2017;71:648–54.

5. Galloway TA, Skardhamar T. Does parental income matter for

onset of offending? Eur J Criminol 2010;7:424–41.

6. Mok PLH, Antonsen S, Pedersen CB et al. Family income

inequalities and trajectories through childhood and self-harm

and violence in young adults: a population-based, nested case-

control study. Lancet Public Health 2018;3:e498–507.

7. Johnson SB, Riis JL, Noble KG. State of the art review: poverty

and the developing brain. Pediatrics 2016;137:e20153075.

8. Nilsson SF, Nordentoft M. How family income is associated

with suicidal and violent behaviour in young adults. Lancet

Public Health 2018;3:e463–64.

9. Houtepen LC, Heron J, Suderman MJ, Fraser A, Chittleborough

CR, Howe LD. Associations of adverse childhood experiences

with educational attainment and adolescent health and the role

of family and socioeconomic factors: a prospective cohort study

in the UK. PLoS Med 2020;17:e1003031.

10. D’Onofrio BM, Lahey BB, Turkheimer E, Lichtenstein P.

Critical need for family-based, quasi-experimental designs in in-

tegrating genetic and social science research. Am J Public Health

2013;103:S46–55.

11. Hyytinen A, Ilmakunnas P, Johansson E, Toivanen O.

Heritability of lifetime earnings. J Econ Inequal 2019;17:

319–35.

12. Rimfeld K, Krapohl E, Trzaskowski M et al. Genetic influence

on social outcomes during and after the Soviet era in Estonia.

Nat Hum Behav 2018;2:269–75.

13. Hill WD, Davies NM, Ritchie SJ et al. Genome-wide analysis

identifies molecular systems and 149 genetic loci associated with

income. Nat Commun 2019;10:5741.

14. Abdellaoui A, Hugh-Jones D, Yengo L et al. Genetic correlates

of social stratification in Great Britain. Nat Hum Behav 2019;3:

1332–42.

15. Sullivan PF, Neale MC, Kendler KS. Genetic epidemiology of

major depression: review and meta-analysis. Am J Psychiatry

2000;157:1552–62.

1636 International Journal of Epidemiology, 2021, Vol. 50, No. 5

https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyab099#supplementary-data
https://www.stat.fi/tup/mikroaineistot/index_en.html
https://www.stat.fi/tup/mikroaineistot/index_en.html


16. Sullivan PF, Kendler KS, Neale MC. Schizophrenia as a complex

trait: evidence from a meta-analysis of twin studies. Arch Gen

Psychiatry 2003;60:1187–92.

17. Sariaslan A, Larsson H, Fazel S. Genetic and environmental

determinants of violence risk in psychotic disorders: a multivari-

ate quantitative genetic study of 1.8 million Swedish twins and

siblings. Mol Psychiatry 2016;21:1251–56.

18. Pettersson E, Lichtenstein P, Larsson H, et al.; Attention Deficit/

Hyperactivity Disorder Working Group of the iPSYCH-Broad-

PGC Consortium, Autism Spectrum Disorder Working Group of

the iPSYCH-Broad-PGC Consortium, Bipolar Disorder Working

Group of the PGC, Eating Disorder Working Group of the PGC,

Major Depressive Disorder Working Group of the PGC,

Obsessive Compulsive Disorders and Tourette Syndrome

Working Group of the PGC, Schizophrenia CLOZUK,

Substance Use Disorder Working Group of the PGC. Genetic

influences on eight psychiatric disorders based on family data of

4 408 646 full and half-siblings, and genetic data of 333 748

cases and controls. Psychol Med 2019;49:1166–73.

19. Coleman JRI, Gaspar HA, Bryois J et al. Bipolar disorder work-

ing group of the psychiatric genomics consortium, major depres-

sive disorder working group of the psychiatric genomics

consortium, Breen G. The genetics of the mood disorder spec-

trum: genome-wide association analyses of more than 185,000

cases and 439,000 controls. Biol Psychiatry 2020;88:169–84.

20. Sund R, Gissler M, Hakulinen T, Rosén M. Use of health regis-

ters. In: Ahrens W, Pigeot I, (eds). Handbook of Epidemiology.

New York, NY: Springer, 2014, pp. 707–30.

21. Official Statistics of Finland (OSF). Quality Description: Causes

of death 2017, 2017. http://www.stat.fi/til/ksyyt/2017/ksyyt_

2017_2018-12-17_laa_001_en.html (11 May 2020, date last

accessed).

22. Finnish Institute for Health and Welfare. Trends in access to spe-

cialised health care, 2015. https://thl.fi/en/web/thlfi-en/statistics/

information-on-statistics/quality-descriptions/trends-in-access-

tospecialised-%0Dhealth-care (13 February 2021, date last

accessed).

23. OECD. Divided We Stand—Why Inequality Keeps Rising. Paris:

OECD, 2011.

24. Kinge JM, Modalsli JH, Øverland S et al. Association of house-

hold income with life expectancy and cause-specific mortality in

Norway, 2005-2015. JAMA 2019;321:1916–25.

25. Sund R. Quality of the Finnish hospital discharge register: a sys-

tematic review. Scand J Public Health 2012;40:505–15.

26. Taiminen T, Ranta K, Karlsson H et al. Comparison of clinical

and best-estimate research DSM-IV diagnoses in a Finnish sam-

ple of first-admission psychosis and severe affective disorder.

Nord J Psychiatry 2001;55:107–11.

27. Grambsch P, Therneau T. Proportional hazards tests and diag-

nostics based on weighted residuals. Biometrika 1994;81:

515–26.

28. Holm S. A simple sequentially rejective multiple test procedure.

Scand J Stat 1979;6:65–70.

29. Jones BL, Nagin DS. A note on a Stata plugin for estimating

group-based trajectory models. Sociol Methods Res 2013;42:

608–13.

30. Gyllenberg D, Marttila M, Sund R et al. Temporal changes in

the incidence of treated psychiatric and neurodevelopmental

disorders during adolescence: an analysis of two national Finnish

birth cohorts. Lancet Psychiatry 2018;5:227–36.

31. Harrell FE. Regression Modeling Strategies: With Applications

to Linear Models, Logistic and Ordinal Regression, and Survival

Analysis. New York, NY: Springer, 2015.

32. Stroup WW. Generalized Linear Mixed Models: Modern Concepts,

Methods and Applications. Boca Raton: CRC Press, 2016.

33. Webb RT, Antonsen S, Carr MJ, Appleby L, Pedersen CB, Mok

PLH. Self-harm and violent criminality among young people

who experienced trauma-related hospital admission during

childhood: a Danish national cohort study. The Lancet Public

Health 2017;2:e314–22. 10.1016/S2468-2667(17)30094-4

34. Sariaslan A, Larsson H, D’Onofrio B, Långström N,

Lichtenstein P. Childhood family income, adolescent violent

criminality and substance misuse: quasi-experimental total pop-

ulation study. Br J Psychiatry 2014;205:286–90.

35. Suokas K, Koivisto A-M, Hakulinen C et al. Association of income

with the incidence rates of first psychiatric hospital admissions in

Finland, 1996-2014. JAMA Psychiatry 2020;77:274–84.

36. Sareen J, Afifi TO, McMillan KA, Asmundson GJG.

Relationship between household income and mental disorders:

findings from a population-based longitudinal study. Arch Gen

Psychiatry 2011;68:419–27.

37. Sariaslan A, Larsson H, Lichtenstein P, Fazel S. Neighborhood

influences on violent reoffending risk in released prisoners diag-

nosed with psychotic disorders. Schizophr Bull 2017;43:

1011–20.

38. Junna L, Moustgaard H, Tarkiainen L, Martikainen P. The asso-

ciation between income and psychotropic drug purchases: indi-

vidual fixed effects analysis of annual longitudinal data in 2003-

2013. Epidemiology 2019;30:221–29.

39. Ramakers A, Aaltonen M, Martikainen P. A closer look at la-

bour market status and crime among a general population sam-

ple of young men and women. Adv Life Course Res 2020;43:

100322.

40. Blau DM. The effect of income on child development. Rev Econ

Stat 1999;81:261–76.

41. Votruba-Drzal E. Economic disparities in middle childhood

development: does income matter? Dev Psychol 2006;42:

1154–67.

42. D’Onofrio BM, Goodnight JA, Van Hulle CA et al. A quasi-ex-

perimental analysis of the association between family income

and offspring conduct problems. J Abnorm Child Psychol 2009;

37:415–29.

43. Zachrisson HD, Dearing E. Family income dynamics, early

childhood education and care, and early child behavior problems

in Norway. Child Dev 2015;86:425–40.

44. Sullivan PF, Wells JE, Joyce PR, Bushnell JA, Mulder RT,

Oakley-Browne MA. Family history of depression in clinic and

community samples. J Affect Disord 1996;40:159–68.

45. Kowalec K, Lu Y, Sariaslan A et al. Increased schizophrenia family

history burden and reduced premorbid IQ in treatment-resistant

schizophrenia: a Swedish national register and genomic study. Mol

Psychiatry 2019; doi:10.1038/s41380-019-0575-1.

46. Pettersson E, Larsson H, Lichtenstein P. Common psychiatric

disorders share the same genetic origin: a multivariate sibling

study of the Swedish population. Mol Psychiatry 2016;21:

717–21.

International Journal of Epidemiology, 2021, Vol. 50, No. 5 1637

http://www.stat.fi/til/ksyyt/2017/ksyyt_2017_2018-12-17_laa_001_en.html
http://www.stat.fi/til/ksyyt/2017/ksyyt_2017_2018-12-17_laa_001_en.html
https://thl.fi/en/web/thlfi-en/statistics/information-on-statistics/quality-descriptions/trends-in-access-tospecialised-%0Dhealth-care
https://thl.fi/en/web/thlfi-en/statistics/information-on-statistics/quality-descriptions/trends-in-access-tospecialised-%0Dhealth-care
https://thl.fi/en/web/thlfi-en/statistics/information-on-statistics/quality-descriptions/trends-in-access-tospecialised-%0Dhealth-care


47. McAdams TA, Neiderhiser JM, Rijsdijk FV, Narusyte J,

Lichtenstein P, Eley TC. Accounting for genetic and environmen-

tal confounds in associations between parent and child charac-

teristics: a systematic review of children-of-twins studies.

Psychol Bull 2014;140:1138–73.

48. Wittchen HU, Jacobi F, Rehm J et al. The size and burden of

mental disorders and other disorders of the brain in Europe

2010. Eur Neuropsychopharmacol 2011;21:655–79.

49. van Dijk J, van Kestere J, Smit P, Criminal Victimisation in

International Perspective: Key Findings from the 2004–2005

ICVS and EU ICS. The Hague: United Nations Office on

Drugs and Crime and United Nations Interregional Crime,

2008.

50. Ridley M, Rao G, Schilbach F, Patel V. Poverty, depression, and

anxiety: Causal evidence and mechanisms. Science 2020;370:

eaay0214 10.1126/science.aay0214

1638 International Journal of Epidemiology, 2021, Vol. 50, No. 5


