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IMPORTANCE Combining information on polygenic risk scores (PRSs) with other known
risk factors could potentially improve the identification of risk of depression in the general
population. However, to our knowledge, no study has estimated the association of PRS with
the absolute risk of depression, and few have examined combinations of the PRS and other
important risk factors, including parental history of psychiatric disorders and socioeconomic
status (SES), in the identification of depression risk.

OBJECTIVE To assess the individual and joint associations of PRS, parental history, and SES
with relative and absolute risk of early-onset depression.

DESIGN, SETTING, AND PARTICIPANTS This case-cohort study included participants from the
iPSYCH2012 sample, a case-cohort sample of all singletons born in Denmark between May 1,
1981, and December 31, 2005. Hazard ratios (HRs) and absolute risks were estimated using
Cox proportional hazards regression for case-cohort designs.

EXPOSURES The PRS for depression; SES measured using maternal educational level,
maternal marital status, and paternal employment; and parental history of psychiatric
disorders (major depression, bipolar disorder, other mood or psychotic disorders, and other
psychiatric diagnoses).

MAIN OUTCOMES AND MEASURES Hospital-based diagnosis of depression from inpatient,
outpatient, or emergency settings.

RESULTS Participants included 17 098 patients with depression (11 748 [68.7%] female)
and 18 582 (9429 [50.7%] male) individuals randomly selected from the base population.
The PRS, parental history, and lower SES were all significantly associated with increased
risk of depression, with HRs ranging from 1.32 (95% CI, 1.29-1.35) per 1-SD increase in PRS to
2.23 (95% CI, 1.81-2.64) for maternal history of mood or psychotic disorders. Fully adjusted
models had similar effect sizes, suggesting that these risk factors do not confound one
another. Absolute risk of depression by the age of 30 years differed substantially, depending
on an individual’s combination of risk factors, ranging from 1.0% (95% CI, 0.1%-2.0%)
among men with high SES in the bottom 2% of the PRS distribution to 23.7% (95% CI,
16.6%-30.2%) among women in the top 2% of PRS distribution with a parental history of
psychiatric disorders.

CONCLUSIONS AND RELEVANCE This study suggests that current PRSs for depression are
not more likely to be associated with major depressive disorder than are other known risk
factors; however, they may be useful for the identification of risk in conjunction with other
risk factors.

JAMA Psychiatry. doi:10.1001/jamapsychiatry.2020.4172
Published online January 13, 2021.

Supplemental content

Author Affiliations: Author
affiliations are listed at the end of this
article.

Corresponding Author: Esben
Agerbo, DrMedSc, Centre for
Integrated Register-based
Research and National Centre for
Register-Based Research,
Aarhus University, Fuglesangs Alle 4,
8210 Aarhus V, Denmark
(ea@econ.au.dk).

Research

JAMA Psychiatry | Original Investigation

(Reprinted) E1

© 2021 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by Piergiorgio Gigliotti on 01/19/2021

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapsychiatry.2020.4172?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2020.4172
https://jamanetwork.com/journals/psy/fullarticle/10.1001/jamapsychiatry.2020.4172?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapsychiatry.2020.4172
mailto:ea@econ.au.dk


M ajor depression is a debilitating and complex
disorder,1,2 with an estimated lifetime prevalence of
approximately 7% to 21% in high-income countries.3-5

Family, adoption, and twin studies6,7 have consistently found
that up to 40% of the variation in liability for major depres-
sion can be attributed to genetic factors. A previous study8

found substantial comorbidity between major depression
and other psychiatric disorders. The underlying liability to
major depression is polygenic, implying that this heritable
component is distributed across numerous genetic variants.
Estimates of the genome-wide single-nucleotide polymor-
phism–based heritability3 (ie, the proportion of liability vari-
ance in the population attributable to common variants) range
from approximately 8% to 32%, depending on phenotype
definition,9-12 and polygenic risk scores (PRSs; ie, a weighted
sum of total polygenic burden) explain approximately 1.9% of
the variance.12 Furthermore, evidence for specific variants is
emerging because 102 broad depression-associated loci have
now been identified.10,12

Evidence suggests that parental history of depression or
other severe mental disorders is associated with childhood
depression.13 Similarly, epidemiologic investigations have
found that parental socioeconomic status (SES) during the
child’s upbringing is associated with risk of major depression14

and that major depression is associated with poor socioeco-
nomic outcomes across the entire life span.15 However, the
impact of these risk factors may partly be mediated by the off-
spring’s genetic predisposition to depression.16 The associa-
tion between parental mental illness and risk of depression in
the proband could also be confounded by socioeconomic back-
ground; that is, dynastic effects (ie, genetic factors in the par-
ent that are not transmitted yet nonetheless influence the
child’s environment) associated with parental assortative
mating on genetic architectures of depression may lead to an
overstatement of the genetic contribution to risk.17-19 Few
studies20,21 have attempted to quantify the interplay be-
tween parental risk factors and the genetic liability for depres-
sion or evaluated PRSs for depression alongside known epi-
demiologic factors. Such quantification is essential if clinical
decisions should be guided by risk models, especially those that
include PRSs.

Most research studies7,9-12 report only relative risk esti-
mates; however absolute estimates of risk are more clinically
useful in identifying risk20,21 and more useful for communi-
cating risk to lay populations22 Thus, estimating absolute and
relative risks is crucial for assessing the potential clinical rel-
evance of PRSs.23 Recently, studies24-27 in cancer and coro-
nary heart disease have reported absolute risks associated with
PRSs, but we are not aware of any study that has estimated such
absolute risk of depression. One reason is the paucity of rel-
evant genetic data. Odds ratios are available in genome-wide
association studies (GWASs), but these studies often lack the
population sampling frame needed to obtain absolute risks.
Another reason is that GWASs of depression have only re-
cently become large enough to make PRS-based risk identifi-
cation tenable.10,12

We had the opportunity to use Denmark’s population-
based registers,28 the Danish population-based genetic case-

cohort sample iPSYCH2012,29 and separate metadata from
the largest published depression GWAS.10,12 Our aims were to
(1) quantify the association between the PRS for depression and
absolute risk of early-onset, major depression treated in sec-
ondary care in a population-based sample; (2) compare the
association of the PRS with the associations of several known
nongenetic risk factors, including sex, parental SES, and
parental history of mental disorders; or (3) estimate the joint
association of PRS and nongenetic risk factors with absolute
risk of depression.

Methods
Data were obtained using the Danish Civil Registration Sys-
tem, which was established in 1968.30 It is possible to link data
among registers using a unique identification number as-
signed to all Danish residents. It is also possible to link par-
ents with children and to retrieve dates of death and emigra-
tion. Information on mental diseases was obtained from the
Danish Psychiatric Central Research Register,31 which con-
tains information on all admissions to psychiatric inpatient fa-
cilities since 1969 and visits to outpatient wards since 1995.31

All diagnoses are clinically assigned by physicians and have
been validated with good results.32,33 Socioeconomic data were
obtained from the Integrated Database for Longitudinal
Labour Market Research, which covers the entire population
and contains yearly information from 1980 on labor market af-
filiation, educational attainment, and marital status.34 iPSYCH
is approved by the Danish Scientific Ethics Committee, the
Danish Health Data Authority, the Danish Data Protection
Agency, Statistics Denmark, and the Danish Neonatal Screen-
ing Biobank Steering Committee.29,35,36 The Danish Scientific
Ethics Committee, in accordance with Danish legislation, has,
for this study, waived the need for informed consent in bio-
medical research based on existing biobanks.36 All data were
pseudonymized. This study followed the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)
reporting guideline.

iPSYCH is a population-based, case-cohort sample
(N = 88 764) selected from all singletons born between May 1,
1981, and December 31, 2005, who were living in Denmark at

Key Points
Question How well does the depression polygenic risk score
(PRS) in combination with parental psychosocial factors determine
the absolute risk of depression before the age of 30 years?

Findings In this case-cohort study of 17 098 patients with
depression, the absolute risk of depression by the age of 30 years
differed substantially depending on an individual’s combination of
risk factors, ranging from 1.0% among male individuals with high
socioeconomic status in the bottom 2% of the PRS distribution
to 23.7% among female individuals in the top 2% of PRS with
a parental history of psychiatric disorders.

Meaning The PRS was not superior to other factors but was useful
in conjunction with other risk factors.
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their first birthday (N = 1 472 762).29 From May 1981 onward,
frozen blood spots for almost 100% of neonates were stored
in the Danish Neonatal Screening Biobank.35 The iPSYCH
sample consists of a uniform randomly selected subcohort with
30 000 individuals, so that the population-based sampling
fraction is 2.0% = 30 000/1 472 762. The remaining iPSYCH
cohort consists of all additional individuals who were regis-
tered with certain psychiatric disorders in the Danish Psychi-
atric Central Research Register between January 1, 1994, and
December 31, 2012.29

For this study, we included all subcohort members and all
individuals who were diagnosed with major depression (In-
ternational Statistical Classification of Diseases and Related
Health Problems, Tenth Revision, codes F32-F33).5 The sample
was further restricted to individuals (1) with Danish-born par-
ents to reduce population stratification, (2) who were living
in Denmark on their 10th birthday (start of follow-up) before
December 31, 2012 (end of follow-up), and (3) who were
successfully genotyped and passed quality control. To fur-
ther mitigate confounding by population stratification, we com-
puted the orthogonalized Gnanadesikan-Kettenring robust
Mahalanobis distance of the 10 leading principal compo-
nents and excluded individuals with a logarithm distance larger
than 3.37,38 A detailed flowchart of the sample selection pro-
cess is shown in eFigure 1 in the Supplement. Sample, geno-
typing, and quality-control details have been published
previously.39-41

The PRSs were derived using the LDpred method42 from
summary statistics based on the recent depressive disorder
GWAS by Howard et al12 (discovery sample of 116 829 cases and
327 060 controls excluding iPSYCH). The procedure for gen-
erating PRSs in iPSYCH has been published previously.39-41,43

The PRS was standardized in the subcohort to make it popu-
lation based. Analyses with PRSs are adjusted for the first
10 principal components.43

Using the Danish Psychiatric Central Research Register,
we added mutually exclusive and hierarchical explanatory vari-
ables that indicated whether parents had had a psychiatric con-
tact before their offspring’s 10th birthday with (1) major de-
pression, (2) bipolar or psychotic disorders, or (3) other mental
disorders. Diagnostic details were previously published.5

Variables for SES included educational attainment, labor
market affiliation, and marital status recorded in the year of
the study participants’ 10th birthdays. Educational attain-
ment was grouped into (1) postgraduate education, (2) bach-
elor’s degree (high school plus 3-4 years of education), (3) high
school or vocational training, or (4) primary school (9-10 years).
Labor market affiliation was categorized into (1) white collar
(eg, managerial employee, clerical worker, or public em-
ployee), (2) self-employed (entrepreneur, businessperson, or
farmer), or (3) blue collar (skilled, manual, and unskilled work-
ers) or unemployed or otherwise not working (recipient of so-
cial welfare or disability benefits, students, or pensioners).
Marital status was classified as married or cohabitating vs liv-
ing alone. The main analyses included variables for maternal
educational attainment, paternal labor market affiliation, and
maternal marital status because these variables capture the
association of SES with risk of severe mental disorders.44-46

Hazard ratios (HRs) for the remaining parental SES variables (pa-
rental income, paternal educational level, and maternal labor
market affiliation) are included in eTable 1 in the Supplement.

The HRs and absolute risks were estimated using Cox pro-
portional hazard models for case-cohort designs.47 Using age
as the time axis, individuals were followed up from their
10th birthday until the date when they were first diagnosed with
depression in a hospital-based setting or until death, emigra-
tion, or December 31, 2012. Because the iPSYCH case cohort con-
sists of individuals who were born after May 1981, all patients
were younger than 32 years at the time of diagnosis. We used
robust SEs, the subcohort sampling fraction, and Barlow weight-
ing to account for the undersampling of controls.48 Because the
PRS in 50 parts did not have a superior association over the con-
tinuous PRS, we used the continuous PRS in all subsequent
models. Statistical theory has established that HRs from a case-
cohort study are unbiased and approximate the analogous HRs
estimated from full population data.49 All analyses were con-
ducted in R, version 3.5.1 (R Foundation for Statistical Com-
puting) and SAS, version 9.4 (SAS Institute Inc). Lastly, we chal-
lenged the necessity for excluding ancestral outliers in the
iPSYCH design by repeating all analyses without exclusion of
individuals based on principal components.50

Results
Participants included 17 098 patients with depression (11 748
[68.7%] female) and 18 582 (9429 [50.7%] male) individuals
randomly selected from the base population. Because the sub-
cohort is a random sample of the Danish population, by chance
it included 362 individuals with depression. Table 1 gives the
sample characteristics and crude HRs of depression in asso-
ciation with sex, PRS, parental psychiatric history, paternal
labor market affiliation, maternal educational attainment, and
marital status. The HRs were in keeping with previously pub-
lished results.44-46,51 For instance, women were twice as likely
to be diagnosed with depression as men (HR, 2.25; 95% CI, 2.14-
2.36), and the hazard increased by 31% per 1-SD increase in the
PRS (95% CI, 1.28-1.34). The hazard of depression was el-
evated among individuals with a maternal or paternal history
of depression and psychiatric disorders and among those with
lower parental SES.

Figure 1 shows the HRs for depression for every second PRS
percentile and the PRS distribution for the depression cases
and subcohort. Although the distribution for depression cases
is shifted only slightly compared with the subcohort of indi-
viduals, a strong and consistent dose-response association was
found between the HRs and the PRS. There was little evi-
dence of interaction between the PRS and the parental risk fac-
tors (eg, maternal major depression: HR, 1.26; 95% CI, 1.05-
1.52; paternal major depression: HR, 1.17; 95% CI, 0.92-1.50)
(eTable 2 in the Supplement). Table 2 gives the HRs for de-
pression in relation to parental risk factors in various adjust-
ment scenarios to investigate whether particular associa-
tions were mediated or confounded. For instance, the HRs for
parental factors were only slightly attenuated after adjusting
for the PRS (model 2 vs model 1), which indicates that the
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association of parental risk factors was only somewhat medi-
ated through the polygenic liability for depression (eg, mater-
nal major depression: HR, 2.19; 95% CI, 1.81-2.64 in model 1
vs HR, 2.15; 95% CI, 1.78-2.60; paternal major depression: HR,
1.81; 95% CI, 1.42-2.31 in model 1 vs HR, 1.68; 95% CI, 1.31-
2.17). The adjusted analysis (model 5) suggests that the asso-
ciation of paternal psychiatric history and SES was mutually
confounded or mediated. The HR associated with the PRS score
was largely unaltered (model 1: HR, 1.32; 95% CI, 1.29-1.35;
model 3: HR, 1.30; 95% CI, 1.27-1.34; model 4: HR, 1.31; 95%
CI, 1.28-1.34; model 5: HR, 1.30; 95% CI, 1.26-1.33), which sug-
gests that the association was not mediated or confounded by
parental psychiatric or socioeconomic circumstances. The cor-
responding area under the receiver operating characteristic
curve (AUC) from a logistic regression analysis, including these
covariates, is 0.757. Polychoric and tetrachoric correlations52

between PRS and parental risk factors are given in eTable 3 in
the Supplement.

Figure 2 shows the absolute risks of depression as a func-
tion of age in association with sex, PRS, parental psychiatric
history, and SES. Risk of depression diagnosis by the age of 30
years ranged from a low of 2.7% (95% CI, 2.4%-2.9%) among
individuals in the bottom 2% of the PRS distribution to a high
of 8.1% (95% CI, 7.3%-8.9%) in the top 2% of the PRS distribu-
tion. For comparison, risk of depression diagnosis by the age

of 30 years was 14.6% (95% CI, 7.3%-21.3%) among individu-
als with a history of psychiatric disorders in both parents and
7.1% (95% CI, 6.3%-7.8%) among individuals with unem-
ployed fathers and mothers with primary education only.
Estimates of absolute risk were 6.5% (95% CI, 5.9%-7.0%) in
women and 3.0% (95% CI, 2.5%-3.4%) in men, which were
similar to prior estimates based on the entire population.5

Figure 3 shows the absolute risks for men and women as-
sociated with PRS, parental psychiatric history, and SES. Com-
bining information on sex, PRS, and parental history yielded
a small group of individuals with a high absolute risk of
depression diagnosis by the age of 30 years. As shown in
Figure 3A, 23.7% (95% CI, 16.6%-30.2%) of women in the high-
est 2% of the PRS distribution and whose parents (both mother
and father) had a psychiatric disorder will be diagnosed with
depression before the age of 30 years. This risk increased to
39.1% (95% CI, 26.0%-49.8%) among those for whom both par-
ents had been diagnosed with depression (eFigure 2 in the
Supplement). The corresponding percentage for men with
the lowest PRS and without parental psychiatric history was
1.3% (95% CI, 1.1%-1.6%). In addition, combining information
on PRS with parental SES also yielded groups with increased
absolute risk of depression diagnosis. Among women in the
top 2% of the PRS distribution with low parental SES, abso-
lute risk of a depression diagnosis by the age of 30 years was

Table 1. Sample Characteristics of the Study Population and Associated Major Depression HRsa

Characteristic
Major depression
cohort Subcohortb Crude HR (95% CI)c

Sex

Female 11 748 (68.7) 9153 (49.3) 2.25 (2.14-2.36)

Male 5350 (31.3) 9429 (50.7) 1 [Reference]

Polygenic risk score, mean (SD)d 0.22 (0.98) 0.0 (1.00)d 1.31 (1.28-1.34)

Maternal psychiatric history

Major depression 386 (2.3) 305 (1.6) 2.25 (1.87-2.71)

Bipolar, mood, or psychotic disorder 181 (1.1) 98 (0.5) 2.25 (1.70-2.97)

Other mental disorder 898 (5.3) 642 (3.5) 2.02 (1.78-2.28)

No mental disorder 15 633 (91.4) 17 537 (94.4) 1 [Reference]

Paternal psychiatric history

Major depression 251 (1.5) 190 (1.0) 2.13 (1.68-2.69)

Bipolar, mood, or psychotic disorder 179 (1.1) 105 (0.6) 1.89 (1.44-2.49)

Other mental disorder 850 (5.0) 635 (3.4) 1.65 (1.47-1.87)

No mental disorder 15 818 (92.5) 17 652 (95.0) 1 [Reference]

Maternal marital status

Living alone 4079 (23.9) 3169 (17.1) 1.61 (1.52-1.71)

Married or cohabitating 13 019 (76.1) 15 413 (83.0) 1 [Reference]

Maternal educational attainment

Primary school 6457 (37.8) 4727 (25.4) 1.65 (1.45-1.87)

High school or vocational training 6495 (38.0) 7927 (42.7) 1.29 (1.14-1.45)

Bachelor or equivalent degree 3627 (21.2) 4852 (26.1) 1.20 (1.06-1.37)

Postgraduate education 519 (3.0) 1076 (5.8) 1 [Reference]

Paternal labor market affiliation

Unemployed 2583 (15.1) 1855 (10.0) 1.75 (1.61-1.89)

Blue collar 8131 (47.6) 8542 (46.0) 1.22 (1.16-1.29)

Self-employed 1434 (8.4) 1838 (9.9) 0.92 (0.85-1.03)

White collar 4950 (29.0) 6347 (34.2) 1 [Reference]

Abbreviation: HR, hazard ratio.
a Data are presented as number

(percentage) of patients unless
otherwise indicated.

b A total of 362 individuals with
major depression were by chance
also in the subcohort because the
subcohort is a uniform randomly
selected subset of the entire
population.

c Crude HRs are adjusted for year
of birth by stratification.

d The polygenic risk score is
standardized in the
population-based cohort.
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14.4%(95% CI, 12.0%-16.7%) compared with only 1.0% (95%
CI, 0.1%-2.0%) among men with high SES and low PRS.

The analyses depicted in Figure 3 were also repeated for
PRS liabilities of 5% and 10% (eFigures 3 and 4 in the Supple-
ment). As expected, estimates for individuals in the top 5% and
10% of the PRS distribution were less extreme than for the top
2%. In keeping with previous studies,53,54 excluding ances-
tral outliers in the iPSYCH2012 had no impact (eTables 4 and
5 and eFigures 5, 6, and 7 in the Supplement).

Discussion

This cohort study investigated the risk of depression in asso-
ciation with PRS for depression, parental SES, and parental his-
tories of psychiatric disorders. The absolute risk of depres-
sion before the age of 30 years was 8.1% among individuals
within the highest 2% of PRS distribution and 2.7% among
those with lowest PRSs. Among women 30 years or older with

Figure 1. Hazard Ratios for Major Depression and Polygenic Risk Score Distribution in Major Depression Cases
and the Population-Based Cohort
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the highest 2% genetic liability, estimated absolute risk of
depression was 23.7% for those who also had a history of men-
tal illness in both parents and 14.4% among those who also
had low parental SES.

High-risk individuals who are suitable for clinical trials
and potentially preventive interventions need to be
identified.16,55-57 The recent success of the PRS has generated
a pronounced enthusiasm, with some studies58-61 anticipat-
ing that it will be possible to mitigate risk years or decades in
advance. Polygenic theory shows that most individuals with
polygenic disease are expected to have no family history of the
disease.62 Family history captures contributions from all ge-
netic factors and factors shared by close family members. In
contrast, the PRS only captures variance attributable to iden-
tified common variant risk factors; hence, currently for de-
pression, family history is expected to be a more accurate popu-
lation marker of depression.63 Nonetheless, high PRS could
identify individuals at high genetic risk who have no re-

ported family history. It is, however, widely recognized that
polygenic predictions are not particularly informative for an
individual64 and that PRSs are not yet clinically useful in
psychiatry.56 The results of the current study indicate that in-
dividuals with the highest 2% polygenic liability have an ab-
solute risk of depression before the age of 30 years that is only
slightly higher than the absolute risk among individuals with
low parental SES (7.1%) and nearly half that of individuals
with a history of severe mental illness in both parents (14.6%).
Thus, these findings suggest that current PRSs by themselves
do not have a greater association with depression treated in
secondary care than nongenetic risk factors. However, these
findings also illustrate that incorporating information on the
PRS along with other risk factors can identify groups of indi-
viduals with substantially elevated risk. It is clear that, if risk
identification is a goal, psychiatry needs to build multicom-
ponent risk predictor models based on known factors, such as
those already widely accepted in coronary artery disease24 and

Table 2. HRs for Major Depression Associated With Conditional Parental Risk Factors and the Polygenic Risk Score on Various Adjustments Scenarios

Variable

HR (95% CI)a

Model 1b Model 2c Model 3d Model 4e Model 5f

Maternal psychiatric history

Major depression 2.19 (1.81-2.64) 2.15 (1.78-2.60) 2.02 (1.67-2.43) NA 1.99 (1.64-2.40)

Bipolar, mood or psychotic
disorder

2.23 (1.67-2.98) 2.13 (1.57-2.90) 1.93 (1.44-2.60) NA 1.86 (1.35-2.55)

Other mental disorder 1.86 (1.64-2.11) 1.80 (1.58-2.05) 1.58 (1.39-1.80) NA 1.54 (1.34-1.76)

No mental disorder 1 [Reference] 1 [Reference] 1 [Reference] NA 1 [Reference]

Paternal psychiatric history

Major depression 1.81 (1.42-2.31) 1.68 (1.31-2.17) 1.56 (1.22-2.01) NA 1.46 (1.12-1.90)

Bipolar, mood or psychotic
disorder

2.01 (1.52-2.67) 1.89 (1.41-2.53) 1.64 (1.23-2.20) NA 1.59 (1.18-2.13)

Other mental disorder 1.61 (1.42-1.82) 1.54 (1.36-1.75) 1.33 (1.17-1.51) NA 1.29 (1.13-1.48)

No mental disorder 1 [Reference] 1 [Reference] 1 [Reference] NA 1 [Reference]

Maternal educational attainment

Primary school 1.42 (1.25-1.62) 1.37 (1.21-1.57) NA 1.36 (1.19-1.55) 1.31 (1.14-1.49)

High school or vocational
training

1.18 (1.04-1.33) 1.16 (1.02-1.31) NA 1.16 (1.02-1.32) 1.16 (1.02-1.32)

Bachelor or equivalent degree 1.13 (0.99-1.28) 1.11 (0.98-1.27) NA 1.11 (0.98-1.26) 1.11 (0.98-1.27)

Postgraduate education 1 [Reference] 1 [Reference] NA 1 [Reference] 1 [Reference]

Paternal labor market affiliation

Unemployed 1.68 (1.54-1.82) 1.63 (1.50-1.77) NA 1.53 (1.40-1.66) 1.39 (1.27-1.52)

Blue collar 1.13 (1.07-1.20) 1.12 (1.06-1.19) NA 1.13 (1.07-1.20) 1.11 (1.05-1.18)

Self-employed 0.92 (0.84-1.00) 0.92 (0.84-1.00) NA 0.93 (0.85-1.01) 0.93 (0.85-1.02)

White collar 1 [Reference] 1 [Reference] NA 1 [Reference] 1 [Reference]

Marital status

Living alone 1.44 (1.35-1.54) 1.41 (1.32-1.51) NA 1.35 (1.26-1.44) 1.32 (1.23-141)

Married or cohabitating 1 [Reference] 1 [Reference] NA 1 [Reference] 1 [Reference]

Polygenic risk score 1.32 (1.29-1.35) NA 1.30 (1.27-1.34) 1.31 (1.28-1.34) 1.30 (1.26-1.33)

Abbreviations: HR, hazard ratio; NA, not applicable.
a All HRs are adjusted for sex and year of birth by stratification.
b Model 1: maternal and paternal psychiatric history are mutually adjusted.

Analogously, maternal educational level, paternal labor market affiliation, and
marital status are mutually adjusted.

c Model 2: HRs in basic model (model 1) are further adjusted for the polygenic
risk score and ancestry using the first 10 genomic principal components.

d Model 3: maternal and paternal psychiatric history adjusted for maternal

educational level, paternal labor market affiliation, and parental marital status.
e Model 4: maternal education level and paternal labor market affiliation

adjusted for their psychiatric history.
f Model 5: all parental factors are mutually adjusted and should be interpreted

with caution. The model is further adjusted for the polygenic risk score (per
1-SD increase) and ancestry using the first 10 genomic principal components.
The corresponding area under the receiver operating characteristic curve from
the logistic regression analysis is 0.757.
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breast cancer.27 In addition to nongenetic risk factors, we en-
vision that PRSs for comorbid disorders are candidates for
inclusion in multicomponent risk prediction models.

Recent methodologic developments in the PRS have been
considerable, and GWAS samples steadily increase in size. How-
ever, the actual clinical or societal approaches for alleviating
the excess risk among individuals exposed to highly indica-
tive risk factors, including high polygenic risk, are unidenti-
fied. Work on the development of approaches for preventing
depression in high-risk groups must proceed in tandem with
the development of PRS variables themselves for their inclu-
sion in clinical practice to be beneficial.

To our knowledge, this is the first study to estimate the as-
sociation of polygenic liability with absolute risk of developing
depression in the general population. Genome-wide association
studies tend to use the AUC to assess model accuracy.23 The AUC
is a population-level metric that separates cases from controls by
evaluating the true-positive rate (sensitivity) vs the false-positive
rate (specificity),65 but it provides no information regarding the
absoluterisk.23 However,onerelevantprecisionmedicineusecase
forgeneticriskinformationisprognosis,anestimationofthelike-
lihood that a certain disease will occur in any single or subgroup
of individuals.55 Absolute risk estimates are therefore necessary
for precision medicine in psychiatry to advance.

Figure 2. Absolute Risk of Major Depression as a Function of Age in Association With Sex, Polygenic Risk Score (PRS),
Maternal and Paternal Psychiatric History, and Socioeconomic Status (SES)
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A, Crude absolute risk of major depression related to sex. For example, the
absolute risk for women 30 years of age is 6.5% (95% CI, 5.9%-7.0%). The
analogous risk for men is 3.0% (95% CI, 2.5%-3.4%). B, The upper curve is the
risk for individuals with the highest 2% population-based polygenic liability for
depression, whereas the lower curve is the absolute risk for individuals with the
lowest 2% liability. For instance, at 30 years of age, the risks are 8.1% (95% CI,
7.3%-8.9%) for individuals with the highest 2% population-based polygenic
liability for depression and 2.7% (95% CI, 2.4%-2.9%) for individuals with the
lowest 2% liability. C, Risk of depression as a function of age according to
parental psychiatric history. The upper curve shows the risk for individuals when
both parents have a psychiatric disorder. The lower curve is the risk associated
with no history of psychiatric disorder in parents. For these 2 groups of
individuals, the risks at 30 years of age are 14.6% (95% CI, 7.3%-21.3%) when

both parents have a psychiatric disorder and 4.4% (95% CI, 4.2%-4.6%) when
neither parent has a history of psychiatric disorder. The 2 curves in between
correspond to the cases in which only the mother or only the father have been
diagnosed with a psychiatric disorder. D, Upper risk curve applies to individuals
whose mother has completed only primary school and whose father is
unemployed (risk at 30 years of age: 7.1% [95% CI, 6.3%-7.8%]). Lower risk
curve applies to individuals whose mother has a postgraduate degree and
whose father is a white-collar worker (risk at 30 years of age: 3.5% [95% CI,
0.0%-8.8%]). The 2 risk curves in between correspond to the scenarios in
which mothers have completed only primary school and fathers are managers
and where fathers are unemployed and mothers have postgraduate degrees.
Upward arrow indicates increased risk; downward arrow, decreased risk.
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Limitations
This study has 6 important limitations. First, cases were iden-
tified through clinical records of individuals who were treated
in secondary care for depression. Thus, these results may not
generalize to individuals with depression who are untreated
or only treated by general practitioners.66 However, cases were
diagnosed according to World Health Organization classifica-
tions, and clinical register–based diagnoses of depression are
of high validity.32,33 Denmark has free, universal health care,
making it likely that severe mental disorders are captured in

the registry. Second, depression may have an insidious on-
set, so in some patients depression is diagnosed with delay. As
a result, some members of the subcohort may in fact have had
depression, which would bias the estimates toward the null.67

Third, the oldest members of the cohort were only 32 years of
age at the end of follow-up, which is around the median age
of onset for depression; thus, the entire cohort can be consid-
ered to have early-onset disease.41 Fourth, the PRS represents
a mixture of true and false common risk alleles, and little is
known about the biological pathways to depression.68 Biases

Figure 3. Absolute Risk of Major Depression as a Function of Age in Association With the Combination of Polygenic Risk Score
and Parental Psychiatric History and Socioeconomic Status (SES)
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A, The top left panel depicts risk curves in females associated with high or low
genetic liability combined with present or absent parental psychiatric history.
The upper curve shows the risk for females with the highest 2% polygenic
liability and whose parents were both diagnosed with a psychiatric disorder
(risk at 30 years of age: 23.7% [95% CI, 16.6%-30.2%]). The bottom risk curve
applies to females without a parental psychiatric history and with the lowest 2%
genetic liability (risk at 30 years of age: 3.0% [95% CI, 2.4%-3.6%]). The 2 risk
curves in between correspond to the scenarios (1) no parental psychiatric
history but high genetic liability and (2) both parents have had psychiatric
history but lowest 2% genetic liability. B, The top right panel shows risk curves
for males corresponding to the curves depicted for females in the top left panel.
For example, the risk at 30 years of age is 11.25% (95% CI, 7.64%-14.72%) for
males with high polygenic liability and parental psychiatric history, whereas the
analogous risk is 1.33% (95% CI, 1.08%-1.59%) for males without parental
history and low polygenetic liability for depression. C, The lower left panel

shows risk curves for females associated with high or low polygenic liability
combined with high (mother has a postgraduate degree and father is a
manager) or low (mother has completed primary school and father is
unemployed) parental SES. The upper curve depicts the risk curve associated
with a high polygenic risk and a low parental SES (risk at 30 years of age: 14.4%
[95% CI, 12.0%-16.7%]). The bottom curve shows the risk associated with low
polygenic liability and high parental socioeconomic status (risk at 30 years of
age: 2.4% [95% CI, 0.2%-4.5%]). D, The lower right panel shows risk curves for
males corresponding to the curves depicted for females in the bottom left
panel. For example, the risk at 30 years of age is 6.6% (95% CI, 5.4%-7.7%) for
males with high polygenic liability and a low parental SES, whereas the
analogous risk is 1.0% (95% CI, 0.1%-2.0%) for males a high parental SES and
low polygenetic liability for depression. Upward arrow indicates increased risk;
downward arrow, decreased risk.
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may arise from ascertained discovery GWAS cohorts69

because they consist of depression defined by minimal phe-
notyping and strictly defined major depressive disorder.9

Although such composite discovery cohorts may generate
highly predictive PRSs, they may also identify loci that are
not specific to major depressive disorder.9 Furthermore, the
selection of controls is rarely described. It is well known that
current PRSs are blunt instruments for individual risk
prediction.64 However, the utility of PRSs for risk prediction
will increase with increasing discovery sample size and
methodologic improvements.70,71 Fifth, the measures of
parental SES are crude and may only be weakly associated
with the circumstances present during an individual’s
upbringing. On the other hand, each factor is simple to ascer-
tain and highly indicative of depression. Sixth, family history

and diagnostic information relied on clinical diagnosis
assigned by the attending psychiatrist at discharge. However,
the risk varied little across different parental psychiatric
exposures, which may suggest that phenotypic misclassifica-
tion and precision are of less concern.

Conclusions
These results suggest that, although the PRS alone does not
identify risk of depression better than known risk factors, it
contributes independently of known major risk factors. Incor-
porating the depression PRS with other risk factors should
improve risk prediction in the general population, especially
as GWAS sample sizes increase.
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