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lyses, p values were evaluated using Bonferroni correction.

Results. 3-digit professions considered to reflect creativity (e.g. ‘artists’ and ‘authors’) were
among those with statistically significant elevations of FGRS. Among more specific 4-digit
codes, visual artists, actors, and authors stood out with elevated genetic risks, highest for
major depression (MD), anxiety disorders (AD) and OCD, more modest for bipolar disorders
(BD) and schizophrenia and, for authors, for drug and alcohol use disorders. However, equal
or greater elevations in FGRS across disorders were seen for religious (e.g. ministers), helping
(e.g. psychologists, social workers), and teaching/academic occupations (e.g. professors). The
potential pathway from FGRS — Disorder — Occupation accounts for a modest proportion of
the signal, largely for MD and AD risk.

Conclusions. While traditional creative occupations were associated with elevated genetic risk
for a range of psychiatric disorders, this association was not unique, as similar, or greater ele-
vations were seen for religious, helping and teaching professions and was stronger for intern-
alizing than psychotic disorders.

The idea that a predisposition to ‘madness’ and genius are closely inter-related can be traced
back to ancient times (Ourtani, 2021) but became particularly popular during the romantic
movement in the mid- to late nineteenth century (Becker, 2001; Lombroso, 1896; Madden,
1833). As shown in Table 1, alienists in the nineteenth and early twentieth centuries often
observed that geniuses occurred at higher than expected rates in the families of individuals
with mental illness. In recent decades, a large empirical literature has sought to evaluate the
validity of these observations (Kaufman, 2014; Kinney & Richards, 2019; Kyaga, 2014;
Ourtani, 2021). One of the first such studies, published over 70 years ago, concluded ‘The
geniuses and their families show a much higher incidence of psychosis and psychoneurosis
than the average population (Juda, 1949) p. 307.

Attempts to evaluate the link between creativity and the familial liability to psychiatric ill-
ness have utilized a variety of methodologic approaches including family history assessments
of creative writers (Andreasen, 1987), the frequency of relatives of the psychiatrically ill listed
in ‘Who’s Who’ (Karlsson, 1970) or publishing books (Karlsson, 1984), direct assessment of
the relatives of psychiatric patients using creativity scales (Kinney et al., 2001; Richards,
Kinney, Lunde, Benet, & Merzel, 1988), national registries to determine rates of psychiatric ill-
ness in family members of university professors (Parnas, Sandsten, Vestergaard, & Nordgaard,
2019) or a broader set of potential creative professions (Kyaga et al., 2011, 2013) and polygenic
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Table 1. Selected historical quotes about the familial relationship between genius and insanity

Author year

Quote

Maudsley (1867)

This peculiarity of temperament, which undoubtedly predisposes to insanity, does nevertheless in some instances border very closely
upon genius; it is the condition of the talent or wit which is allied to madness, only divided from it by thin partitions. ... It is
undoubtedly true, that where hereditary taint exists in a family, one member may sometimes exhibit considerable genius, while another
is insane or epileptic; but the fact plainly proves no more than that in both there has been a great natural sensibility of nervous
constitution which, under different outward circumstances, or internal conditions, has issued differently in the two cases. P. 295-7
(Maudsley, 1867)

Ball (1880) It is necessary to take into account not only madness [in relatives of the insane], but other material or moral [psychological] deviations
parallel to it: neurosis, the neuropathic constitution, eccentricities, vices, crime, and sometimes genius p. 360 (Ball, 1880)
Tuke (1892) The insane diathesis then may be more fully described as a deterioration of brain ... indicated by peculiarities of function, by

tendencies to mental disorder... individuals of markedly insane diathesis may be and are superior in their mental powers to others of
normal but less developed families. The unequal, one-sided expression of the mental energies of the former may even endow such
individuals with genius. P. 383 (Tuke, 1892)

Kirchhoff (1893)

Genius has also been said, by some writers, to be connected with insanity. It is, indeed, an astonishing fact that many men of great
talents belong to families with an hereditary taint, that many become insane, or have feebleminded brothers and sisters or children
p. 32 (Kirchhoff, 1893).

Krafft-Ebing

That men of genius not infrequently have insane and mentally defective relatives ... is unquestioned. It seems as if a generally high and

(1904)

fine organization of the nervous elements in one case, under the influence of especially favorable conditions, leads to higher

development; under unfavorable conditions, to mental degeneration. P. 160 (Krafft-Ebing, 1904)

[typically schizophrenia (SZ), bipolar disorder (BD) and/or major
depression (MD)], we explore ten conditions: MD, Anxiety
Disorders (AD), Obsessive-Compulsive Disorder (OCD), BD, SZ,
Anorexia Nervosa (AN), Alcohol Use Disorder (AUD), Drug Use
Disorder (DUD), ADHD and Autism Spectrum Disorder (ASD).
Third, rather than examining solely putatively ‘creative’ occupa-
tions postulated a priori, we take a hypothesis-free approach, exam-
ining all 59 managerial and educated occupational classes available
through Statistics Sweden. Fourth, rather than relying on self-report
occupations, we utilize objectively assigned occupations. Fifth, indi-
viduals of high educational attainment (EA) are over-represented
in most ‘creative’ professions (e.g. artist, author, professor), and
EA is both substantially influenced by genetic factors (Branigan,
McCallum, & Freese, 2013) and inversely associated with a variety
of health outcomes including psychiatric disorders (Eide &
Showalter, 2011; Escott-Price et al, 2019; Peyrot et al, 2015).
Therefore, to unconfound genetic influences on ‘creativity’ and
EA, we control for the genetic potential for EA in all analyses.
Sixth, to determine the degree to which the impact of genetic
risk factors on selection into certain occupations is mediated
through the development of the relevant psychiatric illness itself,
we present our results both uncontrolled and controlling for the
onset of the relevant disorder prior to occupational choice.
Seventh, to determine if the selection into occupations is influenced
by exposure to psychiatric illness in close relatives, we examine
whether occupations with an elevated genetic liability to given dis-
orders have a greater than expected concentration of affected first-
degree family members, with whom close contact is likely, rather
than more distant relatives. Finally, previous analyses of this ques-
tion have typically utilized standard effect sizes, often odds ratios.
To increase interpretability, we developed a more natural ‘effect
size’ - the % elevation of the familial-genetic risk score for a par-
ticular disorder in members of a given profession compared to
individuals affected with that disorder.

Methods

We collected information on individuals from Swedish
population-based registers with national coverage linking each
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person’s unique personal identification number which, to pre-
serve confidentiality, was replaced with a serial number by
Statistics Sweden (see Appendix 1, Table 1 for a description of
the relevant registries). We secured ethical approval for this
study from the Regional Ethical Review Board in Lund (No.
2008/409 and later amendments). Our database consisted of all
individuals born in Sweden to parents themselves born in
Sweden. Furthermore, we required that they had an occupation
recorded in the Swedish Occupation Register sometime between
2014 and 2018. The occupations in the register are reported
according to the Swedish Standard Classification of Occupations
(SSYK, 2012) (‘SSYK 2012,’) (see Appendix 1, Table 1). SSYK
2012 is intended to cover all jobs on the Swedish labor market
for which salary or other compensation is paid. The classification
is divided into ten broad occupational fields that are subdivided
into occupational groups (3-digits) with subgroups (4-digits)
that reflect further details of their occupation. For the purpose
of our study, we focus on individuals in two of these fields;
Managers and individuals in Occupations requiring advanced edu-
cation. In the database, we also included an individual familial
genetic risk score (FGRS) for years of education and the above-
noted ten disorders. The FGRSs were based on registrations of
the disorder among 1*' to 5 degree relatives to the proband. In
the database, the first date of registration for each of the ten dis-
orders was considered. For our definitions of the 10 disorders,
and our variable years of education, see Table 2. Diagnoses
were based on information from the Hospital Discharge
Register, Outpatient Care and Primary Care Registries from the
years 1973 to 2017 and applied without a hierarchy so the rela-
tives with multiple diagnoses could contribute to multiple
FGRS. For a detailed definition of the FGRS, (see appendix 1,
Table 3). Briefly, we first calculated the morbid risk for the pheno-
type in 1% through 5™ degree relatives based on age at first regis-
tration. Thereafter, we transformed the binary trait into an
underlying liability distribution and calculated the mean Z-score
for relatives with and without the trait. For 1* degree relatives,
we also multiplied the z-score with a factor designed to control
for cohabitation effects. Within each type of relative, we the had
the sum of the individual z-scores and the weighted number of
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Table 2. Definitions of the ten disorders studied in the report and our measure of years of education

Registers Used

Definition

Major Depression (MD)

The Swedish Hospital Discharge Register (coverage 1973-2017); Outpatient Care
Register (national coverage 2001-2017); Primary Care Registry (Partly coverage from
1999 to 2017)

ICD-8: 296.2, 298.0, 300.4; ICD-O: 296.2, 296.4, 298.0, 300.4; ICD-10: F32, F33

Anxiety Disorder (AD)

The Swedish Hospital Discharge Register (coverage 1973-2017); Outpatient Care
Register (national coverage 2001-2017); Primary Care Registry (Partly coverage from
1999 to 2017)

ICD-8: 300.0, 300.2; ICD-9: 300A, 300C; ICD-10: F40, F41

Obsessive-Compulsive
Disorder [OCD]

The Swedish Hospital Discharge Register (coverage 1973-2017); Outpatient Care
Register (national coverage 2001-2017); Primary Care Registry (Partly coverage from
1999 to 2017)

ICD-9: 300D; ICD-10: F42

Bipolar Disorder (BD)

The Swedish Hospital Discharge Register (coverage 1973-2017); Outpatient Care
Register (national coverage 2001-2017); Primary Care Registry (Partly coverage from
1999 to 2017)

ICD-8: 296.1, 296.3, 296.8, 296.9, 298.1; ICD-9: 296A, 296C, 296D, 296E, 296W, 298B;
ICD-10: F30, F31

Schizophrenia (SZ)

The Swedish Hospital Discharge Register (coverage 1973-2017); Outpatient Care
Register (national coverage 2001-2017); Primary Care Registry (Partly coverage from
1999 to 2017)

ICD-8: 295.1, 295.2, 2953, 295.9, 295.6; ICD-9: 295B, 295C, 295D, 295G, 295X; ICD-10:
F200, F201, F202, F203, F205, F209

Anorexia Nervosa (AN)

The Swedish Hospital Discharge Register (coverage 1973-2017); Outpatient Care
Register (national coverage 2001-2017); Primary Care Registry (Partly coverage from
1999 to 2017)

ICD-9: 307B; ICD-10: F500

Alcohol Use Disorder (AUD)

The Swedish Hospital Discharge Register (coverage 1973-2017); Outpatient Care
Register (national coverage 2001-2017); Primary Care Registry (Partly coverage from
1999 to 2017); the Swedish Drug Register (2005-2017); the Swedish Mortality
Register, and the Swedish Criminal Register (1973-2017) and the Swedish Suspicion
Register (1998-2017)

Alcohol Use Disorder (AUD) was identified in the Swedish medical and mortality
registries by ICD codes: ICD9: V79B, 305A, 357F, 571A-D, 425F, 535D, 291, 303, 980; ICD
10: E244, G312, G621, G721, 1426, K292, K70, K852, K860, 0354, T51, F10); in the Crime
Register by codes 3005, 3201, which reflect crimes related to alcohol abuse; in the
Suspicion Register by codes 0004, 0005 (Only those individuals with at least two
alcohol-related crimes or suspicion of crimes from both Crime Register and Suspicion
Register were included); in the Prescribed Drug Register by the drugs disulfiram
(Anatomical Therapeutic Chemical (ATC) Classification System NO7BB01), acamprosate
(NO7BBO03), and naltrexone (NO7BB04)

Drug Use Disorder (DUD)

The Swedish Hospital Discharge Register (coverage 1973-2017); Outpatient Care
Register (national coverage 2001-2017); Primary Care Registry (Partly coverage from
1999 to 2017); the Swedish Drug Register (2005-2017); the Swedish Mortality
Register, and the Swedish Criminal Register (1973-2017) and the Swedish Suspicion
Register (1998-2017)

Drug abuse (DA) was identified in the Swedish medical and mortality registries by ICD
codes (ICD8: Drug dependence (304); ICD9: Drug psychoses (292) and Drug dependence
(304); ICD10: Mental and behavioral disorders due to psychoactive substance use (F10-
F19), except those due to alcohol (F10) or tobacco (F17)); in the Suspicion Register by
codes 3070, 5010, 5011, and 5012, that reflect crimes related to DA; and in the Crime
Register by references to laws covering narcotics (law 1968:64, paragraph 1, point 6)
and drug-related driving offences (law 1951:649, paragraph 4, subsection 2 and
paragraph 4A, subsection 2). DA was identified in individuals (excluding those suffering
from cancer) in the Prescribed Drug Register who had retrieved (in average) more than
four defined daily doses a day for 12 months from either of Hypnotics and Sedatives
(Anatomical Therapeutic Chemical (ATC) Classification System NO5C and NO5BA) or
Opioids (ATC: N02A)

ADHD

The Swedish Hospital Discharge Register (coverage 1973-2017); Outpatient Care
Register (national coverage 2001-2017); Primary Care Registry (Partly coverage from
1999 to 2017)

ICD-9: 314; ICD-10: F90

Autism spectrum disorder
(ASD)

The Swedish Hospital Discharge Register (coverage 1973-2017); Outpatient Care
Register (national coverage 2001-2017); Primary Care Registry (Partly coverage from
1999 to 2017)

ICD-9: 299; ICD-10: F840, F841, F845, F849

(Continued)
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Definition
and year of birth. Note: In the analysis the Z-score is reversed so that higher values

indicate lower education. In the registers the variable are as follows:

1-Pre-high school (7 years)

number of years of education and then standardized with mean 0 and s.o. 1 by gender
2-High School (9 years)

Highest achieved education measured in 1-7 levels that in turn were translated into

5-Post-secondary education (14 years)
6-Post-secondary education (17 years)

3-Upper Secondary School (11 years)
7- Ph.D. education (21 years)

4-Upper Secondary School (12 years)

Registers Used
The longitudinal integration database for health insurance and labor market

studies (LISA) from 1990 to 2017 and The Swedish Census from 1970

Years of education (YOE)

Table 2. (Continued.)
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individuals which were then further weighted by their genetic
resemblance to the proband. For each proband, we summed the
two components across all groups of relatives and used the quo-
tient, which was then multiplied by a shrinkage factor to take
account of the number of relatives of the proband. To ensure
that the FGRS would be comparable across disorders, we initially
standardized them using year of birth and county of residence,
into a z-score with mean =0 and s.0. = 1.

We first calculated the mean FGRS for individuals registered
with each of the 10 disorders. Second, we controlled for the effect
of education on FGRSs by regressing out the FGRS for education
on the FGRSs for our disorders, employing a linear regression
model and using the residuals in the remaining analyses (adjusted
FGRS). Third, with a ¢ test we calculated a p value for the differ-
ence between the mean adjusted FGRS for all ten disorders in
individuals within the 59 occupations at the 3-digit level of the
SSYK-code and the overall mean FGRS (i.e. 0). We further ana-
lyzed the occupational groups that had a significant higher
mean value (using a Bonferroni corrected p value for 59 compar-
isons). Fourth, we calculated the ratio and 95% CIs (Motulsky,
2014) for the mean adjusted FGRS within each significantly asso-
ciated occupational 3-digit group and the mean FGRS for indivi-
duals with the disorder. To assess the direct effect of FGRS on
occupational choice, we then excluded individuals registered with
the disorder prior to entering the occupation. Furthermore, in
order to test the hypothesis that individuals did not choose the
occupation because individuals had a close relative registered
with the disorder, we compared the average number of 1% degree
relatives with the disorder among individuals in the occupation
with individuals with the same FGRS but not in the same occupa-
tion. We replicated the analysis among subgroups of occupations
(4-digit code) for the occupations that were significant at the
3-digit level, again using a Bonferroni corrected p values. All ana-
lyses were done using SAS 9.4 (SAS Institute, 2012).

Results

Our sample (N =1 137 354) consisted of individuals with one of
the 59 relevant occupational codes as determined by Statistics
Sweden from 2014 to 2018. They were 55.4% female, with a
mean (s.0.) Year of Birth of 1970 (12). Table 3 provides the
wide variation in sample sizes of individuals with the various 3
and 4 digit occupational codes used in these analyses.

Three-digit occupational codes

Sixteen of the 59.3-digit occupational codes (27%) had signifi-
cantly elevated rates of FGRS for one or more disorders
(Fig. 1a, Table 3). Appendix table 4 lists the 43.3-digit occupa-
tional codes that demonstrated no significant elevations of risk
which includes, for example, ‘managing directors and chief execu-
tives,” ‘legal professionals,” ‘mathematicians, actuaries and statisti-
cians,” and ‘marketing and public relations professionals.’

Four of the 16 positive occupational groups tied with the most
wide-spread elevations of FGRS with 9 disorders each:
‘Psychologists and psychotherapists,” ‘Social work and counseling
professionals,” ‘Doctors’ and ‘University and higher education tea-
chers.” ‘Authors, journalists, and linguists’ had significantly ele-
vated FGRS for 7 disorders while ‘Creative and performing
artists’, ‘Ministers and deacons’ and ‘Museum curators and librar-
ians’ had elevated risks for 5 disorders each. The disorders with
the most frequent significant elevations of FGRS were MD and
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Table 3. The Standardized Family Genetic Risk Score For Ten Psychiatric and Substance Use Disorders in the 3-Digit Occupational Codes That Contained a Chance-Correction Significant Elevation in at least One Score and the Main 4-Digit Subgroups within the 3-Digit Codes

MD AD 0ocDh BD SZ AN AUD DUD ADHD ASD
N/% RAW CON EFD RAW CON EFD RAW CON EFD RAW CON EFD RAW CON EFD RAW CON EFD RAW CON EFD RAW CON EFD RAW CON EFD RAW CON EFD
Ministers and deacons 3,908 68% 56% 54%  48% 36% 35% 18% 17% 19% 19%
Ministers 69% 79% 62% 60%  54% 42% 40% 1 19% 19% 21% 21%
Deacons 31% 44%  36% 41% 39% + 24% 25% 14% 13% 15% 15% +
Managers and leaders within 738 53% 41%
religious bodies
Psychologists and 9,226 47%  40% 39% 35% 17% 17% 18% 17% 6% 6% 10% 9% 14% 13% 11% 11% 10% 10%
psychotherapists
Psychologists 80% 48%  39% 36% 32% 22%  22% 18% 18% 8% 8% 5% 8% 11% 10% 12% 12% 13% 14%
Psychotherapists 20% 45% 37% + 49%  43% 0% —1% 15% 15% -1% -1% 28% 41% 27%  26% 7% % 2% —2%
Creative and performing 13,387 30% 20% + 41% 34% + 18%  16% 12% 10% 5% 5% 4% 3% i
artists
Visual artists and related artists 16% 44% 35% + 66%  59% 18% 18% 16% 14% 18% 18% 13% 11%
Musicians, singers and 51% 26% 17% + 36% 29% 22% 19% 10% 8% 4% 4% 1% 1%
composers
Choreographers and dancers 2% 14% —T% 40%  30% 0% —4% 9% 5% 0% 0% —-10% —9%
Film, stage and related 20% 21% 5% 28% 21% 6% 5% 13% 11% —-1% 0% 2% 1%
directors and producers
Actors 11% 43% 32% 48%  37% 28% 26% 15% 15% + 2% 2% 6% 6%
Social work and counselling 32,769 28% 19% 25% 16% + 13% 12% + 8% 7% 3% 3% 5% 4% + 7% 6% + 4% 4% + % 1%
professionals
Social work professionals 56% 31% 20% 26% 16% + 12% 11% 8% 8% 4% 4% 8% 9% + 11% 10% + 4% 3% + 9% 9%
Counselling professionals 25% 28% 21% + 29% 22% + 16% 15% + 10% 9% 3% 3% 3% 3% 4% 4% 9% 8% % 7%
Assistance analysts 13% 22%  10% 15% 3% 15% 13% 7% 6% 1% 1% -3% —7% —5% —6% -1% 2% 1% 1%
Authors, journalists and 16,218 25% 15% 28%  20% 21% 21% % 6% 4% 4% 5% 5%
linguists
Authors and related writers 11% 49% 38% + 41%  29% 15% 15% 14% 13% 4% 3% 9% 9%
Journalists and related 4% 20% 11% 27%  21% 23% 22% 6% 5% 4% 5% 4% 3%
professionals
Translators, interpreters and 15% 32% 15% 21% 13% 19% 18% 6% 4% 4% 4% 8% 9%
other linguists
Medical doctors 26,984 23% 18% 10% 10% 10% 9% 4% 4% 32% 31% + 5% 5% 13% 13% 6% 6% 6% 6%
Specialist physicians 59% 33% 27% 13% 13% 12% 11% % 7% + 53% 52% + 19% 29% 24%  24% 13% 13% 12% 12%
Resident physicians 20% 11% —3% 10% 9% 8% 7% 2% 2% —-12% -13% —10% —17% —3% —4% —4%  —5% —2% 2%
General medical practitioners 11% —3% —12% 3% 2% 2% 1% 0% 0% 2% 1% —25% —40% % —8% —-8% —8% —5% —5%
Teaching professionals not 31,123 20% 12% + 22% 15% + 10% 9% 5% 4%
elsewhere classified
41% 14% 6% & 15% 9% 9% 9% 3% 2%
(Continued)
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Table 3. (Continued.)

MD AD 0ocD BD Sz AN AUD DUD ADHD ASD
N/% RAW CON EFD RAW CON EFD RAW CON EFD RAW CON EFD RAW CON EFD RAW CON EFD RAW CON EFD RAW CON EFD RAW CON EFD RAW CON EFD
Special teachers and special
needs teachers
School counsellor 13% 29% 25% + 27%  21% 22% 22% % 7%
Museum curators and 9,672 20% 6% i 27% 17% + 19% 18% 11% 10% 8% 8% 14% 13% +
librarians and related
professionals
Museum curators and related 20% 33% 17% + 28% 12%  + 0% 1% 9% 9% % 1% 11% 11%
professionals
Librarians and archivists 1% 20% 4% + 28% 18% 30% 29% 12% 11% 9% 9% 17% 17%
Archaeologists and related 9% —8%  —19% 13% 7% —21% —22% 6% 5% 1% -1% 7% —7%
professionals
University and higher 25,002 9% 4% 14% 10% 17% 16% % 7% 3% 3% 21% 20% 3% 3% 7% %
education teachers
Professors 19% 18%  18% 32% 32% 23% 23% 10% 10% 4% 4% 26% 26% + 24%  24% 13% 13%
University and higher education  25% 6% 0% 17% 11% 16% 16% % 7% 4% 4% 32% 33% 5% 4% 5% 5%
lecturers
Research assistants 3% —8%  —22% —26% —32% 8% 2% 2% 2% —4% —4% —25% —25% —6% —6% —5% —5%
PhD Students 26% -1% -12% —-10% —19% 16% 16% 5% 4% 2% 2% 14% 13% —13% -14% 6% 5%
Secondary education teachers 26,356 7% 0% 9% 2% 9% 9%
Nursing professionals 94,934 4% —4% 4% 4% 7% 7% +
Professional nurses 43% 2% —9% 5% 4% 4% 3%
Professional midwifes 6% 21%  12% 11% 9% 18%  18%
Anaesthesia nurses 3% -11% -21% 1% 1% 9% 9%
District nurses 8% 5% -13% -1% -1% 3% 3%
Psychiatric nurses 4% 48% 38% + 18% 19% 3% 3%
Nurses - Ambulance 3% —-3% —10% 2% 0% —15% —15%
Nurses - geriatric 10% 21% 13% 3% 2% 7% 7%
Nurses - Intensive care 3% -25% —35% -8% —8% -1% -1%
Nurses - operation 3% 7% -13% 1% 0% 1% 0%
Nurses - children 4% —-1% —10% 3% 3% 18% 15%
Nurses - school 3% 23% 18% 6% 5% 22%  21%
Company nurses 1% —-3% —25% —5% 5% 32%  32%
Nurses - radiology 3% —29% —34% —-3% —3% 12%  12%
Primary- and pre-school 165,701 3% 2%
teachers
Primary school teachers 52% 4% 3%
Recreation leaders 9% —3% —3%
Preschool teachers 39% 3% 3%
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Restaurant managers 4,586 25% 22% +

Restaurant managers, level 1 33% 25% 34% +

Restaurant managers, level 2 65% 25% 36% +

Managers in social and 3,746 12% 9% 16% 14%

curative care

Department managers in social 21% 10%  14% 13%  12%

and curative care, level 1

Unit managers in social and 80% 13% 15% + 17% 15% +

curative care, level 2

ICT architects, systems 94,076 2% 2% +
lysts and test gers

System analysts and ICT- 10% 0% -1%

architects

Software- and system 67% 3% 2%

developers

Games and digital media 2% 16% 16%

developers

System testers and test 4% 3% 2%

managers

System administrators 6% 0% 0%

Security specialists (ICT) 2% 6% 5%

Bold = significantly higher (Bonferroni corrected) than mean FGRS.

Con, controlling for onset of the relevant psychiatric/substance use disorder before achieving the occupation, that is the possible causal link from occupation to disorder; NEC, Not elsewhere Classified; EFD, statistical excess of the relevant psychiatric/
substance use disorder in first-degree relatives; MD, Major Depression; AD, Anxiety Disorders; OCD, Obsessive-Compulsives Disorder; BD, Bipolar Disorder; SZ, Schizophrenia; AN, Anorexia Nevrousa; AUD, Alcohol Use Disorder; DUD, Drug Use Disorder;
ASD, Autism Spectrum Disorder.
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Fig. 1. (a) The standardized Family Genetic Risk Scores (FGRS), with 95% Confidence Intervals, are seen on the Y-axis for the 16.3-digit Occupational Code Groups
from the Swedish Standard Classification of Occupations contained in the two superordinate categories of (i) Managers and individuals in (i) Occupations requiring
advanced education that demonstrated significantly increased FGRS scores one or more of the ten disorders considered: Major Depression (MD), Anxiety Disorders
(AD), Obsessive-Compulsive Disorder (OCD), Bipolar Disorder (BD), Schizophrenia (SZ), Anorexia Nervosa (AN), Alcohol Use Disorder (AUD), Drug Use Disorder (DUD),
ADHD and Autism Spectrum Disorder (ASD). The X-axis includes a description of each of the Occupational codes. For color codes for each of these disorders, see the
right margin of the figure. Only those FRGS that are statistically significant after Bonferroni correction are depicted. By standardized, we mean that an FGRS
depicted reflects the percent elevation of the familial-genetic risk score for a particular disorder in members of a given profession compared to individuals affected
with that disorder. For example, the score of 68% for Ministers/Deacons on the FRGS for MD means that, members of that occupation, in aggregate, controlling for
relevant covariates, have an FGRS score 68% as large as what would be found for individuals affected by MD. For specific values of results in this figure, see Table 3.
(b) The results presented are identical to those depicted in (a) with one exception. All FGRS are calculated controlling for the onset of the relevant psychiatric/
substance use disorder before achieving the occupation, that is controlling for the possible pathway genes — disorder — occupation pathway. For specific values
of results in this figure, see Table 3.
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Fig. 2. (a) The standardized Family Genetic Risk Scores (FGRS), with 95% Confidence Intervals, are seen on the Y-axis for the 10 4-digit Occupational Code
Subgroups from the Swedish Standard Classification of Occupations contained in two superordinate categories (i) Managers and individuals in (ii) Occupations
requiring advanced education) that had the most pronounced elevation of FGRS. For specific values of results in this figure, see Table 3. (a) The results presented
are identical to those depicted in (a) with one exception. All FGRS are calculated controlling for the onset of the relevant psychiatric/substance use disorder before
achieving the occupation, that is controlling for the possible pathway genes — disorder — occupation pathway. For specific values of results in this figure, see

Table 3.

OCD (both 12 occupations) followed by AD and BD (9 occupa-
tions each) and SZ (7 occupations). ASD was significantly asso-
ciated with elevated FGRS for 6 occupations, DUD and ADHD
5, AUD 4 and AN 3. Turning to the overall magnitude of the eva-
luations of genetic risk when significant, they were generally high-
est for MD followed by AD and OCD, then BD, AN, ASD, DUD
with AUD and SZ having the lowest significant mean elevations.

https://doi.org/10.1017/50033291722001349 Published online by Cambridge University Press

Four trends are noteworthy. First, nearly all of the professions
with elevated genetic risk for psychopathology fell into 4 categor-
ies: religious, helping (social workers, doctors, nurses, psycholo-
gists), creative (e.g. artists, authors) and educational/scholarly.

Second, the two main classical creative occupations - artists
and authors - did not stand out in our analyses. They did not
have the highest level of genetic risk for any of the disorders
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examined as the most elevated genetic risk for MD, AD, OCD and
ASD was seen for ministers and deacons. Third, nearly all occu-
pations with any risk elevations, had elevated genetic risk for the
three internalizing disorders (MD, AD and OCD) and BD. Most
such occupations, but not ministers, deacons or other teachers,
had modest elevations of SZ risk and some had elevated risks
for the three externalizing disorders of AUD, DUD and ADHD,
in particular psychologists, social workers, authors, doctors and
university professors. Fourth, several disorders have relatively
unique patterns of elevations. AN risk was only elevated for doc-
tors, university professors and nurses. ASD was especially elevated
in ministers, curators/librarians, teachers, doctors, and informa-
tion and communications technology architects.

Raw four-digit occupational codes

Table 3 and Fig. 2a present results for those 4-digit specific occu-
pations which stood out within the broader 3-digit categories for
their elevated rates of genetic risk. Ministers and visual artists had
the highest average genetic risk for MD and AD, respectively,
while BD risk was most elevated for ministers and psychologists
and SZ risk in visual artists. The highest genetic risk for both
OCD and ASD was seen in ministers and librarians, with the
highest FRGS scores for DUD and AN in professors and specialist
physicians. Specialist physicians, psychologists and social workers
had elevated risks for the broadest range of disorders.

Pathways from genetic risk to occupational choice

We next examined the degree to which the pathway from genetic
risk to occupational was mediated through the development of the
relevant disorder. That is, for MD, to what degree does the
FGRSy;p— Occupation path takes the form of FGRSyp—
Major Depression— Occupation? As seen in Table 3 and Figs
1b and 2b, the decline in FGRS scores for the various occupations,
when controlling for this pathway, was greatest for MD and AD,
with minimal impact on rarer disorders (e.g. BD, SZ, AN). For
MD and AD, the decline was typically moderate, but occasionally
substantial (e.g. secondary education teachers).

Second, we explored whether exposure to affected close rela-
tives could drive occupational choice (Table 3). We found such
evidence in only 18 of the 73 comparisons, 7 of which were
seen with genetic risk for MD and AD and 2 each for AN,
AUD, ADHD and ASD. Three professions had evidence for
such effects for two disorders: creative and performing artists
for MD and AD, social work and counseling professionals for
MD and AD, and museum curators and librarians for AD and
SZ. No such effects were seen for any disorder for psychologists
and psychotherapists. But an excess of cases of AN was seen in
close relatives of doctors and nurses.

Discussion

Our goal was to apply several novel methods to clarify further an
old question within the field of psychiatry: the relationship
between family genetic risk for psychiatric illness and creativity.
Based on the results here presented, which defined creativity by
occupation, we would draw five major conclusions.

First, professions widely considered to reflect creativity, espe-
cially within the 3 digit codes of ‘creative artists’ and ‘authors,’
were among those with statistically significant elevations of
FGRS. Indeed, using the more refined 4-digit codes, the professions
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of visual artists, actors and authors stood out for their elevated level
of genetic risk.

Second, the disorders for which these creative professions had
the highest genetic risk were MD, AD and OCD. While family
genetic risks for both BD and SZ were elevated, the magnitude
of those elevations were considerably more modest.

Third, we found only modest support for the common belief
that that alcohol and drug use disorders are associated with cre-
ativity. More specifically, we found no evidence for an elevated
FGRSaup in creative artists or authors, in contrast to significant
but modest increases were seen in psychologists, social workers,
and physicians. However, authors but not creative artists, showed
a small, but significant increases in FGRSpyp, as did psycholo-
gists, social workers, doctors, and professors.

Fourth, the elevations in genetic risk for psychiatric disorders,
were not unique to these ‘creative’ professions. Indeed, the largest
elevations were seen in the single 3-digit occupation code of min-
isters and deacons with elevations in three ‘helping’ professions
(psychologists, social workers and doctors) modestly higher and
somewhat more wide-spread than seen in the creative professions.
Several of the teaching/academic professions also had elevated
family-genetic risks, albeit typically of lower magnitude that
seen for creative artists and authors. It can be argued that aspects
of the work of religious, helping and teaching professionals
involve creativity. Indeed, in one study of genetic links between
creative professions and genetic risk for mental illness, creative
professions were defined as scientific and artistic occupations
(Kyaga et al,, 2013). There are many possible approaches to the
definition of the creative professions (see below) and we cannot
adjudicate that issue here. However, our a priori approach here,
in line with most studies in the prior literature, has been to
limit the definition of creative professions to the traditional artis-
tic fields.

Fifth, our results raise questions about the etiology of the rela-
tionship between family-genetic risk for psychiatric disorders and
occupational choice. We suggest three plausible pathways: (i)
genes— temperament — occupation, (ii) genes — disorder —
occupation and (iii) exposure to psychiatrically ill relatives —
occupation. While many discussions of this topic implicitly
assume the first pathway, we tried to estimate empirically the
importance of the second and third pathways.

Correcting for individuals whose onset of disorder occurred
prior to occupational choice, so that choice might have resulted
from their illness experiences, attenuates the genetic influences
moderately for AD and MD but had little impact on the rarer dis-
orders. Genetic risk for AD and MD remained, on average, higher
than those seen for other disorders. We also tested an excess rate
of illness in first-degree relatives as an index of individuals whose
decision to enter particular occupations was influenced by close
contact with affected relatives. Our expectation that this would
occur particularly in the ‘psychological’ helping professions, as
suggested by prior literature (Farooq, Lydall, Malik, Ndetei, &
Bhugra, 2014), was not supported. While our methods for evalu-
ating pathways ii and iii are imperfect, our findings suggest that
the first pathway is in most cases the most important, with the
second contributing especially for AD and MD and the third hav-
ing mainly minor impacts.

Our results can be usefully put into the context of some of the
large literature on this question. Our findings are most closely
related to those of (Kyaga et al,, 2011, 2013) who used Swedish
population samples in which they examined four self-reported
occupations of which they pre-defined three as creative (Visual
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artists, nonvisual artists, and university teachers) and in their first
study one as controls (accountants). We focus mainly on their lar-
ger second study (Kyaga et al.,, 2013) in which they examined SZ,
BD, MD, AD, AUD/DUD and AN as found in hospital and spe-
cialist registries, in first through third-degree relatives and found
elevated risks for SZ, BD and AN in only first-degree relatives of
their creative professions, broadly replicating their earlier findings.
Despite substantial differences in methods, we confirmed elevated
family-genetic risk for BD and SZ in creative artists and authors
but differed in our finding stronger elevations for genetic risk for
MD and AD in creative occupations, and showing, in a wide array
of ‘control’ occupations that such increased risks were not
restricted to a priori chosen ‘creative’ professions. A likely explan-
ation of differences in our results for AD and MD is our inclusion
in our study of nationwide primary care data (Sundquist, Ohlsson,
Sundquist, & Kendler, 2017) which they did not examine. More
than 80% of all cases of MD and AD ascertained in Swedish med-
ical records are present only in primary care data (Sundquist et al.,
2017). By contrast, our results for MD replicated findings of a
substantially higher risk for MD in the first-degree relatives of
authors attending the Iowa Writer's Workshop (Andreasen,
1987).

While we found increased FGRSgy, levels in creative artists and
authors, the increases were very modest and do not support prior
claims of a strong genetic link between SZ and creativity (Juda,
1949; Karlsson, 1970, 1984) although is compatible with the
modest-sized effects seen using polygenic risk scores (Power
et al., 2015). Our findings for BD risk were somewhat more robust
are consistent with the prior positive findings of Richards
(Richards et al., 1988) and Power (Power et al., 2015). We also
replicate, albeit with modest signals, prior results showing ele-
vated risk for SZ and BD in relatives of university professors
(Parnas et al., 2019).

Limitations

Six major limitations of this work should be considered. First, it
relies critically on the validity of the registry diagnoses in
Sweden. These have been extensively evaluated across many,
but not all, of our diagnosis and generally performed well
(Ekholm et al, 2005 Kendler, Ohlsson, Lichtenstein,
Sundquist, & Sundquist, 2018; Lichtenstein et al, 2006;
Ludvigsson et al., 2011; Riick et al., 2015; Sellgren, Landen,
Lichtenstein, Hultman, & Langstrom, 2011; Sundquist et al,
2017). Of particular note, the validity of both the AD and MD
diagnosis from our primary care data, where the majority of
cases have been identified, has been supported by its prevalence,
sex ratio, sibling and twin correlations and associations with
well-documented psychosocial risk factors (Kendler et al,
2018; Sundquist et al., 2017).

Second, the FGRS, while entirely different from the polygenic
risk scores derived from Genome-Wide Association Studies, does
assess, via risk for disorders in various classes of relatives, an
aggregate genetic risk correcting for cohabitation effects. The
broad validity of this method has been supported in prior publi-
cations (Kendler et al., In press; Kendler et al., 2021a, 2021b) and
in simulations summarized in appendix 1 Figures 1-4. Third, des-
pite our large population, sample sizes in individual occupational
categories were often modest and our estimates of FGRS known
with only moderate accuracy. Therefore, some of our negative
findings may reflect type II statistical errors.
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Fourth, as noted above, there are a variety of plausible defini-
tions of ‘creative professions’ and we emphasized the approach
most often taken in the prior literature on mental illness and cre-
ativity, focusing on artistic occupations. A recent literature
search on creative occupations will turn up a number of refer-
ences to the so-called ‘creative class’ articulated by Richard
Florida (Florida, 2014). Florida’s influential definition of the cre-
ative class are based primarily on economic terms - those indi-
viduals who simulate economic development (Florida, 2014). It
is much broader than most definitions used in prior studies
relating creativity to risk of mental illness. Florida’s broad defin-
ition of the creative class would include many of those wherein
we find elevated genetic risk for psychopathology but many
where we do not.

Fifth, we did not examine every single occupational code in
Sweden as the loss of power would be great due to an increased
multiple testing burden. Furthermore, most of the occupations
commonly considered creative in the prior literature on risk for
mental illness are seen in the upper two categories that we exam-
ine here. However, in appendix 2, we present results for the
remaining 88 occupations not examined in these analyses. A
range of occupations demonstrated elevated levels of FGRS for
psychiatric disorders but revealed little pattern except for a
modest excess of helping professionals. For example, of the five
occupations with a significantly increased risk for BD, three
were helping professions: social work and religious associate pro-
fessionals, health care assistants and personal care workers in
health services.

Finally, our main analyses made no attempt to correct for the
comorbidity of our disorders in relatives. To evaluate what kind of
impact comorbidity might have on our findings, we chose two
pairs of disorders with, respectively, modest to moderate and
high levels of comorbidity: (i) BD and SZ and (ii) MD and AD.
We began by applying a diagnostic hierarchy algorithm we have
published on previously for BD and SZ (Kendler et al., 2021a)
that assigns a single diagnosis to comorbid cases based on the
total number and recency of lifetime diagnoses (appendix 1
table 5). We then applied that hierarchy and an identical one
for MD and AD to all of relatives and generated FRGS for the
four disorders with hierarchies. We then compared those scores
with those obtained in our original analyses obtaining the follow-
ing Pearson correlations: BD +0.99, SZ + 0.97, MD +0.78; AD +
0.73. Finally, in table 6 in appendix 1, we recalculated our main
analyses across occupations for these two pair of disorders with
the applied hierarchies and compared those with our original
findings. Only modest changes were seen, suggesting that our
overall results were not highly sensitive to patterns of psychiatric
comorbidity.

Conclusions

In accord with clinical observations made over the last 150 years
(Table 1), creative occupations were associated with significantly
elevated genetic risk for a range of psychiatric disorders.
However, contrary to these earlier reports, this association was
stronger with the less severe internalizing disorders of MD and
AD than with ‘insanity’ (aka psychotic illnesses like SZ and
BD.) Furthermore, the association was not unique to creative
occupations as similar or even greater elevations of risk for psychi-
atric disorders were seen in relatives of religious, helping and
teaching professions. A modest proportion of these associations,
especially for MD and AD, may arise from a genetic risk —
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disorder — occupational choice pathway. Contrary to expectation,
choosing occupations because of exposure to psychiatrically ill
close relatives appeared to explain little of the observed
associations.

Supplementary material. The supplementary material for this article can
be found at https:/doi.org/10.1017/S0033291722001349.
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