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ABSTRACT
Background: Polygenic scores (PGS) for mood disorders provide population-level measures of genetic liability, allowing exami-

nation of how common mental health-related traits associate with socio-economic outcomes. This study investigated how PGS for

depression (DPGS), bipolar disorder (BDPGS) and overall mood disorders (MDPGS) predict economic outcomes in the general

population.

Methods: We studied genetic and socio-economic registry data alongside repeated cross-sectional surveys from six Finnish

cohorts (1992–2017; N= 20,121; ages 25–64), representative of various regions. Using multiple regression models, we examined

associations between PGS and educational attainment, employment status, occupational type, equivalent income and economic

satisfaction.

Results: All PGS were negatively associated with employment probability, although their associations with other economic

outcomes varied depending on educational attainment as a mediating factor. BDPGS was positively associated with higher

educational attainment and engagement in knowledge work, particularly among females. However, BDPGS showed no significant

associations with equivalent income or economic satisfaction. In contrast, DPGS was negatively associated with educational

attainment and demonstrated negative associations with knowledge work, equivalent income and economic satisfaction. MDPGS,

consolidating depression and bipolar disorder (BD) risks, showed no significant association with educational attainment but was

negatively associated with equivalent income and economic satisfaction. Additionally, DPGS and MDPGS were linked to a lower

likelihood of self-employment among males.

Conclusions: The genetic predispositions for depression and BD exhibit distinct and sometimes opposing relationships with

economic outcomes, mediated by education. Although effect sizes were substantial, genetic risks could still be mitigated by

environmental factors, such as education and institutional frameworks, that foster economic resilience. The lack of association

between MDPGS and educational level highlights the offsetting effects of its components, suggesting that focusing on specific

mental disorders rather than generalisations offers clearer insights into the genetic underpinnings of brain health-related eco-

nomic disparities in the general population.
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1 | Introduction

Mood disorders, including depression and bipolar disorder (BD),
represent major global public health challenges characterised by
impaired psychosocial functioning, substantial personal suffering
and profound societal implications [1]. These conditions generate
considerable economic burden through reduced productivity,
lower economic attainment and increased reliance on healthcare
and social services [2–6]. However, mood disorder-related traits
exist on a continuum across the population rather than being
limited to clinical diagnoses. Understanding how these widely
shared mental health predispositions relate to social and eco-
nomic outcomes can help inform supportive environments that
promote inclusive opportunities for diverse population groups
and reduce stigma by framing vulnerability as a normal aspect
of human variation.

Major depressive disorder (MDD) affects ~4.4% of the global popu-
lation annually, with lifetime prevalence estimates reaching up to
20% [7–9]. It is about twice as common in women as in men, a
pattern consistently observed across cultures and diagnostic criteria
[10, 11]. Twin studies estimate its heritability at 30%–40%, while
genome-wide data indicate single-nucleotide polymorphism (SNP)-
based heritability of 9%–10% [12, 13]. BD affects ~0.6%–1% of the
population worldwide [14, 15], with heritability estimates ranging
from 60% to 85% in twin studies [16, 17] and SNP-heritability
around 19%–22% [12, 18, 19]. Although some studies report slightly
higher prevalence among women, no consistent sex differences in
heritability have been established [17, 20].

Polygenic scores (PGS)—composite measures capturing the addi-
tive effects of common genetic variants—offer a means to quan-
tify inherited liability for complex traits such as depression
(DPGS) [21], bipolar disorder (BDPGS) [18] and a combined
score for these two mood disorders (MDPGS) [22]. While PGS
do not identify specific biological mechanisms or predict individ-
ual outcomes, they provide population-level indicators of shared
genetic influences that can help clarify how genetic liability man-
ifests in diverse life domains. Examining such associations in the
general population—not only among clinically diagnosed
individuals—provides valuable insight into the broader distribu-
tion of mental health-related traits and their societal correlates.

Previous studies have reported complex and sometimes contra-
dictory genetic correlations between mood disorder risk and
socio-economic outcomes. For BD, a weak positive genetic corre-
lation has been found with educational attainment (rg= 0.11)
[23], contrasting with a weak negative genetic correlation with
intelligence (rg=−0.09) [18]. This complexity is further reflected
in mixed findings linking BD to both low and high intelligence
and school grades [24–26], as well as negative associations with
cognitive functioning in children with elevated BDPGS [27].
These findings suggest a nuanced relationship between BD poly-
genic risk and the quantity and quality of education, as well as
cognitive abilities. Furthermore, BD demonstrates weak to mod-
erate genetic correlations with various socio-economic indica-
tors, including socio-economic status (rg= 0.13), inability to
work (rg= 0.23), income (rg= 0.07), financial situation satisfac-
tion (rg= 0.10) and subjective well-being (rg=−0.25) [18, 23, 28].
These contradictory associations underscore the complex

interplay between BD genetic risk and socio-economic outcomes,
suggesting that BD-related traits may both facilitate and hinder
individual success across different domains.

Depression, in turn, exhibits substantial negative genetic correla-
tions with both educational and economic outcomes, encompass-
ing educational attainment (rg=−0.19), college completion (rg=
−0.19), years of schooling (rg=−0.15), socio-economic status
(rg= −0.42), income (rg=−0.24) and subjective well-being
(rg=−0.64) [21, 23, 28]. These findings indicate that shared
genetic influences may predispose to both poorer mental health
and less favourable socio-economic outcomes.

Leveraging data from Finnish general population cohorts span-
ning 25 years, this study comparatively investigates the relation-
ship between polygenic risks for mood disorders and key
socio-economic indicators: educational attainment, employment,
occupation, income and subjective economic well-being. The pro-
gression from education to objective and subjective economic
well-being represents a sequential pathway where education
shapes employment opportunities and occupational choices,
which in turn influence income levels [29–31]. Higher income
contributes to improved economic satisfaction by enhancing
financial stability and access to resources, completing the link
between foundational education and overall economic well-being
[32]. Finland provides an informative setting, with universal edu-
cation and healthcare and relatively low income inequality, allow-
ing investigation of these associations within a socially supportive
context. Our focus is not on identifying biological mechanisms or
assigning causality, but on characterising population-level pat-
terns that reflect the interplay between inherited mental health
vulnerability and socio-economic opportunity. Understanding
these links can inform both research and practice by identifying
social environments that may help to buffer genetic disadvantage
and promote resilience, while countering deterministic or stigma-
tising interpretations of genetic influence.

2 | Methods

2.1 | Study Cohorts

The study combined genetic and registry data with repeated cross-
sectional surveys from the Finnish National FINRISK Study (FR;
five pentennial cohorts spanning 1992–2012) [33] and the Fin-
Health 2017 Study (FH) [34], both coordinated by the Finnish
Institute for Health and Welfare (THL). These surveys represent
independent, regionally stratified random samples of the Finnish
adult population across major regions, with field centres in Hel-
sinki and Vantaa (Southern Finland), Turku and Loimaa (South-
west), Tampere (Western), Kuopio and Joensuu (Eastern), Oulu
(Northern) and Lahti (Southern Finland, FH cohort only), con-
ducted according to standardised protocols [33, 34].

Participants aged 25–64 years were included, with additional
criteria ensuring more precise income measurement: households
with a maximum of 10 members and no more than one addi-
tional adult besides the respondent. After applying exclusion
criteria—including age range limitations, missing genetic or reg-
istry data, residents of Lapland (data not available for most study
cohorts) and cases of inconsistent household reporting—the final
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pooled 1992–2017 sample comprised 20,121 participants. The
participant flowchart is presented in supplementary material of
[35]. The average age of participants in the sample was 44.9 years,
and 46% were males, with age and gender distributions compa-
rable across the six study cohorts [33, 34].

2.2 | Genetic Measures

The primary explanatory variables were DPGS, BDPGS and
MDPGS, derived from blood samples collected during on-site vis-
its of participants in the FR and FH cohorts. DPGS was con-
structed using data from a GWAS meta-analysis of 173,005
individuals of European ancestry from the Psychiatric Genomics
Consortium (PGC), where depression was identified through self-
reported medical treatment or diagnosis [21]. BDPGS was based
on a GWAS of 413,366 individuals of European ancestry from the
PGC, identifying cases via expert assessment or medical records of
lifetime BD diagnosis [18]. MDPGS combined data from a GWAS
of 296,612 individuals of European ancestry from the PGC, defin-
ing cases as having a lifetime diagnosis of either MDD or BD [22].
We employed PRS-CS Bayesian regression to estimate posterior
variant effects for constructing DPGS, BDPGS and MDPGS, using
European 1000 Genomes Project samples as the reference popu-
lation. Final scores were calculated as the weighted sum of risk
allele counts for 1,085,713 (DPGS), 1,097,131 (BDPGS) and
984,561 (MDPGS) variants, standardised to a mean of 0 and stan-
dard deviation of 1. No individual-level covariates were included
in the PGS computation; variables such as gender, age and princi-
pal components were incorporated only in the subsequent regres-
sion analyses. PGSwere generated using the PRS-CS-auto method
[36], which infers the global shrinkage parameter (φ) directly from
the data and therefore does not require manual specification. Par-
ticipants with missing genetic data were excluded prior to analy-
sis, resulting in complete-case analyses for all models. Genotyping
was performed separately for the FH and FR cohorts, with mini-
mal overlap between FHparticipants and the 5FR cohorts. Details
of the genotyping methodology are provided in Supplementary
Material of [35].

In our sample, Wilcoxon rank-sum tests compared the distribu-
tions of DPGS, BDPGS and MDPGS between two groups: indivi-
duals with a recorded diagnosis of the respective mental
disorders and those without. The tests revealed highly significant
differences for all three PGSs (p<0:001), indicating that these
PGS effectively differentiate between individuals with and with-
out the disorders. The mental disorder prevalence was deter-
mined using health registry data, identifying individuals who
had received clinical inpatient treatment for these conditions
by the study year. Diagnoses were based on the 10th edition of
the International Classification of Diseases (ICD-10) or corre-
sponding diagnoses from earlier ICD editions: manic episode
(F30) and bipolar disorder (F31) for BD and depressive episode
(F32) and recurrent depressive disorder (F33) for depression.

2.3 | Outcome Measures

The study examined five interconnected economic well-being
outcomes following a clear sequential progression: education,
employment, occupation, equivalent income and economic
satisfaction.

Educational attainment (primary, secondary or higher) was
obtained from Statistics Finland registry data. Employment status
and occupation were derived from Statistics Finland labour market
status registry data, categorised as non-employed, self-employed,
physical work, office work or knowledge work and measured at
the beginning of each study year (with exceptions for the 1992, 1997
and 2002 cohorts, where data was from the preceding year). Since
education and occupational status rarely change in adulthood, and
genetic proxies formood disorders remain constant throughout life,
the repeated cross-sectional design of our data does not pose signif-
icant limitations to this study.

Equivalent income was assessed using self-reported household
income brackets, converted to continuous variables and adjusted
by adult household members using the OECD equivalence scale
(primary adult: 1.0, other adults: 0.5 and children: 0.3) [37], then
translated into comparable cross-year tertiles. This approach is sup-
ported by evidence of assortative marriage patterns in Nordic coun-
tries, where partners typically have comparable educational and
economic backgrounds [38]. Tertiles enable comparisons among
the highest, medium and lowest equivalent income groups, recog-
nising that the self-reported household income, provided in range
categories, does not allow for high-granularity analysis.

Satisfaction with their economic situation was measured through
self-reported responses, dichotomised into satisfied (very satis-
fied/satisfied/somewhat satisfied) versus unsatisfied (unsatis-
fied/very unsatisfied) categories.

2.4 | Control Measures

Control variables included gender, age and birth cohort, sourced
from the Finnish National Population Register, which provided
reliable and exogenous demographic indicators. Potentially
endogenous socio-economic control variables, while relevant
for determining economic outcomes, were excluded to avoid
attenuating the total association between genetic proxies for
mood disorders and economic outcomes.

To account for population stratification, the first three principal
components (PC1–3) of the genetic data were included as con-
trols. This approach aligns with established practices in studies
using Finnish samples, reflecting the genetic homogeneity of the
Finnish population. For sensitivity analysis, we also present the
main results from comparable models incorporating PC1–10.

Additionally, study year dummies were incorporated into the
regression models to capture cohort-specific effects and to adjust
for temporal variations inherent to the repeated cross-sectional
study design.

2.5 | Descriptive Statistics

Table 1 presents descriptive statistics of the pooled 1992–2017 sam-
ple, Supporting information 1: Figure S1 histograms of DPGS,
BDPGS and MDPGS by gender, and Supporting Information 1:
Table S1 the pairwise linear correlation matrix of study variables.

2.6 | Statistical Analysis

The research employed multiple regression approaches to exam-
ine relationships between PGS (DPGS, BDPGS and MDPGS) and
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economic well-being outcomes in their sequential progression.
Educational attainment was examined using ordered probit
regression models, incorporating PGS as a key explanatory vari-
able, alongside controls for gender, birth cohort dummies and
genetic principal components (PC1–3).

Labour market status was examined using a two-stage approach.
First, probit models were employed to assess the total associations
of DPGS, BDPGS and MDPGS with labour market status. These
models included PGS as the primary explanatory variable and con-
trolled for gender, age (in both linear and squared terms), birth
cohort dummies, study year dummies and PC1–3. Second, recog-
nising that genetic risks for mood disorders may be associated with
the likelihood of attaining higher levels of education, we accounted
for the possibility that genetic risk factors relate to income both
through education and through other pathways. To disentangle
the mediator role of education from other channels, ordered probit
models were estimated separately within three educational level
subgroups. This stratified approach allows the examination of asso-
ciations between PGS and labour market status beyond differences
between educational levels. These effects likely reflect cognitive and
non-cognitive skills [31], including those related to the quality of
education (as distinct from the quantity captured by educational
level), as well as other traits linked to the PGS. Differences in
economic outcomes across educational and other categories are
presented in Supporting Information 1: Figures S2–S5, reflecting
well-established links between education and economic perfor-
mance [29–32], while the stratified ordered probit models reveal
the associations between genetic risk and economic outcomes that
extend beyond educational attainment.

Equivalent income tertiles were studied using ordered probit mod-
els to assess total associations with DPGS, BDPGS and MDPGS.
Subsequently, similarmodels were applied within educational level
subgroups to examine non-education-mediated associations, fol-
lowing the same methodology as the labour market status models.

Economic satisfaction was examined using probit models to
assess total associations with DPGS, BDPGS and MDPGS. To
further examine how these associations are shaped by preceding
relationships with equivalent income, additional probit models
were estimated within each equivalent income tertile.

All models utilised robust standard errors to account for potential
heteroscedasticity, outliers, non-normality and clustered data.
Predicted probabilities for educational levels, labour market sta-
tuses, highest equivalent income tertile and economic satisfac-
tion were calculated at different levels of DPGS, BDPGS and
MDPGS. Average marginal effects represent percentage point
(pp) differences in outcome probabilities compared to the lowest
decile of relevant PGS as reference levels. Statistical significance
was set at p<0:005, with results considered suggestive at p<0:05,
following guidelines for multiple testing correction across sub-
samples (by gender, gender-educational level and gender-
equivalent income tertile subsamples) and recommendations of
Benjamin et al. [39]. In addition to presenting results for the full
sample, this study highlights gender differences to account for
disparities in educational attainment, occupational segregation
and income (Table 1).

Analyses were conducted using STATA 18 software, maintaining
methodological consistency with the research group’s other stud-
ies on genetic proxies for psychiatric and brain health traits and
socio-economic outcomes [35, 40, 41]. During the preparation of
this work, the authors used Scholar GPT, a generative AI tool, in
order to assist with literature searches and improve readability
and language. After using these tools, the authors reviewed and
edited the content as needed and take full responsibility for the
content of the publication. A completed STROBE Statement
checklist for observational studies is included in Supporting
Information 2.

3 | Results

3.1 | Educational Attainment and Genetic
Associations

We first examined the relationship between DPGS, BDPGS and
MDPGS with educational attainment, a critical determinant of
economic success. Using ordered probit models, DPGS was sig-
nificantly negatively associated with educational attainment
(p<0:001), while BDPGS showed a suggestive positive associa-
tion (p¼ 0:02) in the overall sample (Figure 1, Supporting Infor-
mation 1: Table S2). Interaction terms between gender and both
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FIGURE 1 | Polygenic scores for depression, bipolar disorder and mood disorders and predicted probabilities of attaining a specific educational level

in the pooled 1992–2017 sample (N= 20,121) with 99.5% CI. Note: Figures based on predicted probabilities from ordered probit regression models of

educational level, as detailed in Supporting Information 1: Table S2, using a linear specification of the polygenic score as the main explanatory variable.
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DPGS and BDPGS were non-significant, indicating no meaning-
ful gender moderation in the full sample. However, in separate
analyses for males and females, which allows for observing
gender-specific effects of all covariates, BDPGS demonstrated
a suggestive positive association with education in males (p¼
0:02) but not in females, pointing to potential gender-specific
gene–environment correlations or interactions.

Comparing deciles, individuals in the highest DPGS decile were
6.2 pp less likely to attain higher education than those in the
lowest decile (p<0:001; 99.5% CI: 2.7–9.7 pp; Supporting Infor-
mation 1: Table S3). For BDPGS, while the highest decile showed
high variance, individuals in the 9th decile were 3.6 pp more
likely to attain higher education than the lowest decile (p¼
0:004; 99.5% CI: 0.1–7.1 pp). No significant non-linear associa-
tions were observed for DPGS or BDPGS with educational attain-
ment (Supporting Information 1: Table S2). MDPGS was not
significantly associated with education in any model (Figure 1,
Supporting Information 1: Table S2).

3.2 | Labour Market Status and Total Genetic
Associations

We next assessed the total associations of the three PGS with
labour market status, starting with employment. Probit models
revealed significant negative associations of DPGS, BDPGS and
MDPGS with employment status across genders (p<0:005;
Figure 2, Supporting Information 1: Tables S4–S9). Interaction
terms between gender and PGSs were non-significant, indicating

no substantial gender-based differences in the overall associa-
tions (Supporting Information 1: Tables S4, S6, S8). Compared
to the lowest decile, individuals in the highest decile of DPGS,
BDPGS and MDPGS were 6.9 pp (p<0:001; 99.5% CI: 3.3–10.5
pp), 5.5 pp (p<0:001; 99.5% CI: 1.9–9.1 pp) and 7.2 pp (p<0:001;
99.5% CI: 3.6–10.8 pp) less likely to be employed, respectively
(Supporting Information 1: Table S10).

For occupational categories, DPGS showed no association with
knowledge work in the full sample or among males but exhibited
a significant negative relationship among females (p<0:001;
Figure 2, Supporting Information 1: Table S5). Females in the
highest DPGS decile were 6.1 pp less likely (p<0:001; 99.5% CI:
1.8–10.3 pp) to engage in knowledge work compared to those in
the lowest decile (Supporting Information 1: Table S10). BDPGS
demonstrated a suggested positive association with knowledge
work across genders, with the association being particularly
strong in females (p<0:001; Figure 2, Supporting Information
1: Tables S6–S7). Individuals in the highest BDPGS decile were
3.3 pp more likely (p¼ 0:004; 99.5% CI: 0.1–6.5 pp) to engage in
knowledge work compared to those in the lowest decile (Support-
ing Information 1: Table S10). MDPGS showed no association
with knowledge work (Supporting Information 1: Tables S8–S9).

BDPGS was negatively associated with physical work and, among
females but not in the full sample or males, with office work
(p<0:001; Figure 2, Supporting Information 1: Tables S6–S7).
Those in the highest BDPGS decile were 4.8 pp less likely to
engage in physical work (p<0:001; 99.5% CI: 1.3–8.3 pp), while
females in the highest decile were suggested to be 5.4 pp less
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FIGURE 2 | Polygenic scores for depression, bipolar disorder and mood disorders and predicted probabilities of labour market status in the pooled

1992–2017 sample (N= 20,121) with 99.5% CI. Note: Figures are based on predicted probabilities from probit regression models of labour market status,

as detailed in Supporting Information 1: Tables S4–S9, using a linear specification of the polygenic score as the main explanatory variable.
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likely to engage in office work (p¼ 0:008; 99.5% CI: −0.3–11.1 pp)
compared to those in the lowest decile (Supporting Information
1: Table S10).

In the full sample, DPGS was negatively associated with self-
employment (p¼ 0:001) with no significant interaction by gen-
der, though subsample analyses indicated the association was
more prominent in males (p¼ 0:001) than females (Figure 2,
Supporting Information 1: Tables S4–S5). MDPGS was negatively
associated with self-employment in males (p¼ 0:002; Figure 2,
Supporting Information 1: Tables S8–S9). Males in the highest
DPGS decile were 4.2 pp less likely (p¼ 0:004; 99.5% CI: 0.1–8.4
pp) and those in the highest MDPGS decile 3.9 pp less likely (p¼
0:009; 99.5% CI 0.0–8.1 pp) to be self-employed compared to the
lowest decile (Supporting Information 1: Table S10). BDPGS was
not significantly associated with self-employment (Supporting
Information 1: Tables S6–S7). Neither DPGS, BDPGS nor
MDPGS demonstrated statistically and economically significant
non-linear associations with labour market status (Supporting
Information 1: Tables S4–S9).

3.3 | Labour Market Status: Genetic Associations
Beyond Education-Related Pathways

By examining the associations between genetic risk and labour
market status within educational categories, we aimed to deter-
mine whether genetic risk factors are linked to labour market
outcomes after accounting for their role in educational selection.
Significant associations within educational levels would indicate
pathways beyond educational attainment, such as cognitive and
non-cognitive skills, health or labour market dynamics. Con-
versely, non-significant associations would suggest that the links
between PGSs and labour market status are primarily mediated
by educational attainment.

The probit models stratified by educational categories (Support-
ing Information 1: Tables S11–S13) did not reveal statistically
significant associations between a PGS and specific labour mar-
ket statuses within most educational categories. However, nota-
ble exceptions included negative associations of DPGS and
MDPGS with self-employment within the secondary education
category (p<0:005) and positive associations of non-employment
with BDPGS within the primary education category (p<0:005)

and with MDPGS within the secondary education category
(p<0:001). These findings suggest that PGSs are associated
with employment and self-employment statuses through path-
ways that extend beyond educational level.

3.4 | Equivalent Income and Total Genetic
Associations

We next examined equivalent income as an economic outcome
following education and labour market engagement. Ordered
probit models showed negative monotonic associations of
DPGS and MDPGS with equivalent income across genders
(p<0:005; Figure 3, Supporting Information 1: Table S14). No
significant PGS–gender interaction terms were observed, suggest-
ing consistent effects across genders. Individuals in the highest
DPGS and MDPGS deciles were 4.4 pp (p<0:001; 99.5% CI:
0.9–7.9 pp) and 4.9 pp (p<0:001; 99.5% CI: 1.3–8.3 pp), respec-
tively, less likely to belong to the top income tertile than those in
the lowest decile (Supporting Information 1: Table S15). BDPGS
showed an inverse U-shaped relationship with the highest equiv-
alent income tertile (Figure 3, Supporting Information 1: Table
S16), but these associations lacked statistical significance.

3.5 | Equivalent Income: Genetic Associations
Beyond Education-Related Pathways

The ordered probit models stratified by educational categories
(Supporting Information 1: Tables S17–S20) provided additional
insights by showing associations between PGSs and equivalent
income that extend beyond those attributable to educational
level. These models revealed negative monotonic associations
of BDPGS and MDPGS with equivalent income within the sec-
ondary education category, particularly in males (p<0:001). For
DPGS, no statistically significant association with equivalent
income within the educational categories was found.

3.6 | Economic Satisfaction and Total Genetic
Associations

Finally, we studied economic satisfaction as a subjective measure
of economic well-being. Probit models revealed negative mono-
tonic associations for DPGS and MDPGS with economic
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for the depression and mood disorders polygenic scores and a non-linear specification (linear and squared term) for the bipolar disorder polygenic score.
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satisfaction across genders (p<0:005; Figure 4, Supporting Infor-
mation 1: Table S21). In the highest deciles of DPGS andMDPGS,
individuals were 5.3 pp (p<0:001; 99.5% CI: 2.0–8.6 pp) and 5.1
pp (p<0:001; 99.5% CI: 1.8–8.4 pp) less likely to report satisfac-
tion, respectively, than those in the lowest decile (Supporting
Information 1: Table S22). BDPGS was not significantly associ-
ated with economic satisfaction. No statistically or economically
significant non-linear associations were found between any PGS
and economic satisfaction (Supporting Information 1: Table S23).

3.7 | Economic Satisfaction: Genetic Associations
Beyond Income-Related Pathways

We examined whether the associations between PGSs and eco-
nomic satisfaction varied by equivalent income level, recognising
the previously observed relationships between PGSs and income.
Among individuals in the lowest equivalent income tertile (stud-
ied using probit models, Supporting Information 1: Table S24), a
negative association between DPGS and economic satisfaction
persisted (p¼ 0:004). This linear association showed no signifi-
cant gender differences, as indicated by the non-significant inter-
action term between gender and DPGS. However, in separate
analyses for males and females, which allows for observing
gender-specific effects of all covariates, the negative association
was statistically significant only in males (p¼ 0:003) but not in
females, pointing to potential gender-specific gene–environment
correlations or interactions.

The associations between DPGS and economic satisfaction,
beyond those attributable to equivalent income level, may oper-
ate through education-related pathways. Descriptive statistics in
Supporting Information 1: Figure S5 reveal lower economic sat-
isfaction in the lowest equivalent income tertile among indivi-
duals with higher education, suggesting that low returns to
education are linked to reduced economic satisfaction. In con-
trast, no statistically significant associations with economic satis-
faction were observed for individuals in the medium or highest
equivalent income tertiles (Supporting Information 1: Tables
S25–S26).

BDPGS and MDPGS showed no statistically significant associa-
tions with economic satisfaction within any equivalent income
tertile (Supporting Information 1: Tables S24–S26). These find-
ings indicate that the relationship between MDPGS and

economic satisfaction primarily operates through income-related
pathways, whereas no evidence of an association between
BDPGS and economic satisfaction was observed.

3.8 | Sensitivity Analysis With Additional
Stratification

To assess the robustness of the results, we performed additional
analyses excluding individuals with any diagnosed lifetime mental,
behavioural or neurodevelopmental disorders. Diagnostic informa-
tionwas obtained from theFinnish Institute forHealth andWelfare’s
Care Register forHealth Care, based on ICD-10F-category codes and
their equivalents in earlier ICD versions. The exclusion thus covered
all individuals who had received clinical treatment for any psychi-
atric disorder up to the study year. Among this subpopulation
without recorded lifetime mental disorders, the negative associa-
tion of DPGS with educational attainment and the positive asso-
ciation of BDPGS persisted, while MDPGS continued to show no
significant relationship (Supporting Information 1: Table S27).
These results indicate that the observed associations were not
primarily driven by diagnosed psychiatric conditions, suggesting
that they reflect broader genetic pathways in the general popula-
tion rather than being mediated by manifest mental disorders.

In addition, to account for potential residual population sub-
structure within the Finnish sample, we repeated the main anal-
yses controlling for the first 10 genetic principal components
(PC1–10). The estimates remained consistent with the baseline
models using PC1–3, and the additional components contributed
only marginal improvements to model fit (Supporting Informa-
tion 1: Tables S28–S30). This confirms that adjusting for PC1–3 is
sufficient in the context of Finland’s relatively homogeneous
population structure and that the findings are robust to alterna-
tive population stratification controls.

4 | Discussion

Our study, examining merged genetic, registry and survey data from
six Finnish cohorts (1992–2017, N=20,121), reveals complex rela-
tionships between polygenic risks for mood disorders and economic
outcomes in the general population. The findings demonstrate dis-
tinct pathways through which genetic predispositions to depression
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and bipolar disorder relate to educational attainment, employment
status, occupational choice, income and economic satisfaction.

4.1 | Educational Attainment and Genetic
Associations

Educational attainment, a critical mediator of economic success,
showed opposing associations with depression and bipolar disorder
polygenic scores. We found a significant negative association with
DPGS (p<0:001) and a suggested positive association with BDPGS
(p¼ 0:02), consistent with previous research indicating negative
genetic correlations between educational outcomes and depression
[23, 42–44] and positive genetic correlations with BD [18, 23, 43,
45]. These findings also align with a recent study on the positive
relationship between genetic risk for BD and actual educational
attainment [46]. Themagnitude of these associations is substantial,
with 4–6 pp differences between higher and lowest polygenic score
deciles, relative to the sample’s 38% baseline likelihood of higher
educational attainment. Notably, the mood disorders polygenic
score, which captures both depression and bipolar disorder risks,
showed no significant association with educational attainment,
likely due to the offsetting effects of its components. The genetic
underpinnings of specific mental disorders, rather than generalised
measures, appear to offer more precise insights into variations in
educational attainment and the resulting economic disparities.

4.2 | Labour Market Status and Genetic
Associations

Employment status demonstrated significant negative associa-
tions with all three PGS (DPGS, BDPGS and MDPGS) across
genders (p<0:005). The 6–7 pp differences (p<0:001) in employ-
ment probability between highest and lowest PGS deciles are
substantial, considering the sample’s 25% baseline non-
employment rate. These findings extend previous research,
which reported positive genetic correlations between bipolar dis-
order and work inability (rg= 0.23), negative genetic correlations
between depression and socio-economic status (rg=−0.42) and
positive associations of depression genetic risks with unemploy-
ment experience in middle adulthood [18, 28, 47].

Moreover, the finding that BDPGS and MDPGS are negatively
associated with employment through pathways extending beyond
educational level suggests that cognitive and non-cognitive skills
[31], including those reflecting the quality of education or other
traits captured by BDPGS, may hinder labour market participa-
tion despite the positive association of BDPGS with educational
attainment. This insight helps reconcile the mixed findings from
previous research—discussed in the Introduction—on the genetic
correlations of BD with indicators of educational attainment [23],
cognitive functioning [27], intelligence [18] and economic out-
comes [18, 23, 28].

The opposite-directional associations of DPGS and BDPGS with
educational level are further echoed in selection into knowledge
work. Females in the highest DPGS decile were 6 pps less likely to
engage in knowledge work (p<0:001)—a notable difference con-
sidering the baseline rate of 17%. This finding broadly aligns with
previously documented negative genetic correlations between
depression and socio-economic status [28]. Conversely, higher
BDPGS was associated with increased likelihood of knowledge

work (3 pp increase in highest vs lowest BDPGS decile; p¼
0:004) but decreased likelihood of physical work in both genders
and office work in females (p<0:001), consistent with past research
showing positive genetic correlations of BD with educational out-
comes and socio-economic status [18, 23, 28, 48] and positive asso-
ciation between BD polygenic score and creative work [49].

Males with higher DPGS and MDPGS showed reduced likelihood
of self-employment (p<0:005), with a 4 pp difference between
extreme deciles relative to the 12% baseline male self-employment
rate, including through pathways that extend beyond educational
level. The mechanisms behind that novel finding warrant further
study. The absence of evidence for a similar association in females
may reflect their overall lower self-employment rate of 7%.

4.3 | Income, Economic Satisfaction and Genetic
Associations

Income analysis revealed that both DPGS and MDPGS showed
negative associations with equivalent income (p<0:005), with
individuals in the highest PGS deciles experiencing a 4–5 pp
reduction in the likelihood of belonging to the top income tertile
compared to those in the lowest deciles. This represents a con-
siderable difference, given the baseline probability of ~33% for
each tertile. BDPGS showed no significant net association with
equivalent income, as its suggested positive associations with
education were counterbalanced by negative associations with
equivalent income that extended beyond educational attainment,
indicating that the traits proxied by BDPGS may hinder the abil-
ity to generate returns to education. These findings align with
previous research showing income to have a moderate negative
genetic correlation with depression (rg=−0.24) and a weak posi-
tive genetic correlation with BDPGS (rg= 0.07) [23].

Economic satisfaction closely mirrored income patterns, with
those in the highest DPGS and MDPGS deciles showing a 5 pp
lower likelihood of economic satisfaction (p<0:001), and BDPGS
revealing no significant association with economic satisfaction.
The negative association between DPGS and economic satisfac-
tion remained significant among individuals in the lowest equiv-
alent income tertile (p¼ 0:004), indicating additional pathways,
potentially related to education, that contribute to lower eco-
nomic satisfaction in those with elevated DPGS. These results
align with past research showing negative genetic correlation
of DPGS with subjective well-being (rg=−0.64) [21] and mixed
evidence for BDPGS, which demonstrates negative correlation
with subjective well-being (rg=−0.25) but positive correlation
with satisfaction with financial situation (rg= 0.10) and lower
odds of experiencing major financial troubles [18, 50].

4.4 | Bidirectional Links Between Socio-economic
Status and Mental Health

Recent evidence highlights the complex, bidirectional interplay
between socio-economic status and mental disorders. Socio-
economic adversity can increase vulnerability to mental disorders
through mechanisms such as chronic stress, health inequalities
and limited access to care. Conversely, psychiatric traits may con-
tribute to assortative mating, participation bias, downward social
mobility and income loss—processes that reinforce cumulative
disadvantage and reveal heritable components of both mental
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health and socio-economic outcomes [51–54]. Furthermore, these
studies indicate that genetic and environmental pathways shaping
socio-economic and mental health trajectories intersect and may
influence the population-level distributions of PGS. Together,
these insights suggest that the associations between genetic prox-
ies for mood disorders and economic outcomes may partly reflect
shared mechanisms linking psychiatric vulnerability with socio-
economic stratification, underscoring the need for further
research into mediating and moderating factors.

4.5 | Study Limitations and Future Directions

PGSs have inherent limitations as genetic proxies. They explain
only a small portion of mood disorder expression and cannot
account for environmental influences, gene–environment inter-
actions, gene–environment correlations, pleiotropy or genetic
variations beyond SNPs [55]. While PGSs cannot perfectly distin-
guish between direct genetic effects, genetic nurture and child-
hood environment, they help identify disorder risk factors that lie
outside individual control. Environmental factors remain the
primary drivers of economic outcomes, and the causal pathways
between genetic proxies and economic outcomes remain latent
[56]. Although pleiotropy implies that genetic markers included
in a PGS contribute to and correlate with outcomes beyond a
specific mood disorder, this does not undermine the objective
of our study, which is to examine the associations of DPGS,
BDPGS and MDPGS with measures of economic well-being.

Despite our cohorts’ regional representativeness, some selection
bias may arise from voluntary participation in surveys and
genetic sampling. Additionally, genetic proxies derived from
UK samples may not perfectly capture the Finnish context.
Future research should explore neurophysiological mechanisms
related to genetic proxies for mood disorders and their interac-
tions with environmental factors affecting economic well-being.

5 | Conclusion

Our findings demonstrate that genetic predispositions to mood dis-
orders relate to economic well-being through multiple, sometimes
opposing pathways within the general population. While the
observed associations were considerable, they point to meaningful
patterns that can inform efforts to create supportive environments
mitigating potential disadvantages. Rather than implying determin-
istic effects, these results highlight how common, continuously
distributed genetic liabilities to mood disorders may interact with
social and institutional contexts. Understanding these dynamics
can help to promote inclusion and resilience while helping to
reduce stigma surrounding mental health-related differences.
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