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Abstract 

 

From personality to neuropsychiatric disorders, individual differences in brain function 

are known to have a strong heritable component. Here we report that between close 

relatives, a variety of neuropsychiatric disorders covary strongly with intellectual 

interests. We surveyed an entire class of high-functioning young adults at an elite 

university for prospective major, familial incidence of neuropsychiatric disorders, and 

demographic and attitudinal questions. Students aspiring to technical majors 

(science/mathematics/engineering) were more likely than other students to report a 

sibling with an autism spectrum disorder (p=0.037). Conversely, students interested in 

the humanities were more likely to report a family member with major depressive 

disorder (p=8.8 x 10
-4

), bipolar disorder (p=0.027), or substance abuse problems (p=1.9 x 

10
-6

). A combined PREdisposition for Subject MattEr (PRESUME) score based on these 

disorders was strongly predictive of subject matter interests (p=9.6 x 10
-8

). Our results 

suggest that shared genetic (and perhaps environmental) factors may both predispose for 

heritable neuropsychiatric disorders and influence the development of intellectual 

interests. 
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 2 

 

Introduction 

 

A link between intellect and temperament has long been the subject of speculation. 

Aristotle claimed that “those who have become eminent in philosophy, politics, poetry, 

and the arts have all had tendencies toward melancholia”, while the physician Benjamin 

Rush noted a link between manic episodes and “talents for eloquence, poetry, music, and 

painting” [1-3]. Studies of the artistically inclined report linkage with familial depression 

[4], while among eminent and creative scientists, a lower incidence of affective disorders 

is found [5]. In the case of developmental disorders, a heightened prevalence of autism 

spectrum disorders (ASDs) has been found in the families of mathematicians, physicists, 

and engineers [6-8]. These threads of evidence suggest that intellectual interests might be 

broadly linked to neuropsychiatric disorders. 

 

We had a unique opportunity to investigate such association in an entire defined 

population of high-functioning young adults, an incoming freshman class at Princeton 

University. The students were ethnically and geographically diverse, and compared with 

the general population, academically motivated and relatively free to pursue their true 

interests [9]. The survey population was also biased towards high socioeconomic status, 

so that familial neuropsychiatric issues were more likely to be detected and reported than 

in the general population. We obtained 1077 responses, which constitutes to our 

knowledge the largest cohort thus surveyed to date. 

 

Consistent with prior findings, we noticed a relation between intended academic majors 

and ASDs. Looking for relations between other neuropsychiatric disorders and academic 

interest we also noted a heightened prevalence of bipolar disorder, major depressive 

disorder and substance abuse in the families of those pursuing the humanities. A 

composite score based on these four heritable disorders was strongly correlated with a 

student's intended academic major. Thus, familial risk toward a spectrum of 

psychopathologies can predict propensity toward technical versus humanist interests. 

 

Results 

 

We surveyed the incoming class of 2014 at Princeton University about their intended 

academic major, familial incidence of neuropsychiatric disorders, and demographic 

variables. We received 1077 responses from 1313 students, a response rate of 82%. 527 

respondents indicated a technical major (natural sciences, engineering, or mathematics), 

394 indicated non-technical majors (245 in social sciences, 149 in humanities), and 156 

students were undecided. A follow-up survey determined the mean number of siblings 

per student to be 1.5. 

 

We began by looking for a previously reported relation between ASDs and technical 

interests [6-8]. Twenty-four freshmen (2.2%, 1 in 45) reported having a sibling with an 

ASD. This included 16 of 527 (3.0%, 1 in 33) aspiring technical majors compared with 4 
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 3 

of 394 (1.0%, 1 in 99) nontechnical students, for an odds ratio of 3.05 (χ
2
=4.33, p=0.037). 

Thus the incidence of ASDs amongst siblings of technical majors was significantly 

higher than that of non-technical majors and roughly twice (after correction based on 

number of siblings) the US average of 1 in 160 [10]. 

 

We calculated relations between the reported familial incidence of surveyed disorders 

and other neurological conditions and two groupings became apparent (Figure 1a). One 

consisted of bipolar disorder, major depressive disorder, substance abuse, post-traumatic 

stress disorder (PTSD), and attention deficit hyperactivity disorder (ADHD). The other 

included Alzheimer’s disease, memory loss, and stroke. On the basis of their correlations, 

we grouped these conditions with a hierarchical agglomerative algorithm (Figure 1b). 

Several of these relations reflect known comorbidities and familial aggregations [11-14]. 

 

We tested for correlations between individual disorders and intended major in a 

hypothesis-free manner. Significant associations were seen for bipolar disorder 

(p=0.027), major depression (p=8.8 x 10
-4

), and substance abuse (p=1.9 x 10
-6

; all p-

values adjusted for multiple comparisons) (Table 1). Each was represented most often 

among humanities majors, at intermediate rates in the social sciences, and least among 

technical majors. The two other disorders in this group were also most frequent in the 

families of prospective humanities majors but did not reach significance (ADHD, p=0.10; 

PTSD, p=0.31). From the second group, Alzheimer’s approached significance but did not 

reach it (p=0.069). The incidence of Parkinson’s, stroke, and traumatic brain injury was 

roughly constant across subject matter interest. 

 

One traditional categorization of intellectual interests groups students into broad 

categories of science/technology/engineering/mathematical (STEM) disciplines, social 

sciences, and humanities. Information about a variety of familial disorders had the 

potential to be predictive of a student's position on that axis. We used the significant 

associations to define for each student a predisposition to subject matter (PRESUME) 

score by adding 1 point each for a report of bipolar disorder, depressive disorder, and 

substance abuse, and subtracting 1 point for a report of a sibling with ASD, resulting in 

an index that ranged from –1 to +3. The covariation of PRESUME with subject matter 

preference was strongly predictive of intended academic major (χ
2
=48.1, p=9.6 x 10-8) 

(Figure 2). The overall technical:nontechnical odds ratio varied from 12:1 (PRESUME = 

–1) to 1:1.9 (PRESUME=+2 or +3), a 22-fold range (95% CI, 4-fold to >100-fold). Thus 

a combination of familial psychopathologies was predictive of a major intellectual 

dimension. 

 

Discussion 

Our principal finding is that in a population of high-functioning young adults, intellectual 

interests are strongly related to the incidence of a variety of neuropsychiatric disorders in 

their families. Students interested in pursuing technical majors 

(science/mathematics/engineering) were significantly more likely to report a sibling with 

an autism spectrum disorder. Conversely, students interested in studying humanities were 

significantly more likely to report a family member with bipolar disorder, major 
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 4 

depressive disorder, or substance abuse problems. A composite score based on these 

disorders was strongly predictive of an axis of student intellectual interest ranging from 

science/math/engineering to the humanities. 

Neuropsychiatric disorders are interrelated and caused by combinations of genetic 

variants and environmental factors [15,16]. The exact form of psychopathology expressed 

thus arises from a complex combination of alterations in cognitive, perceptual and 

affective capacity. Our survey identifies a dimension of normal intellectual variation that 

correlates with neuropsychiatric disorders. While we cannot rule out environmental 

influences for the relation reported here, the disorders contributing to the PRESUME 

index are moderately to strongly heritable [17,18], suggesting that their genetic 

determinants may influence the normal development of intellectual interests. 

Psychopathological traits, temperament, and interests all begin to develop early in life 

[19], consistent with these phenotypes sharing overlapping developmental genes. Our 

findings suggest that subject matter interest is another such heritable trait. 

It has previously been reported that a higher incidence of ASDs occurs in the families of 

engineers and scientists [6,20] and students studying mathematics, physics, and 

engineering [7,8]. Our results provide further support for a such a relation between ASDs 

and technical subjects. It has been suggested that autism represents an extreme 

manifestation of a “systemizing” nature [21]. Since ASDs have complex inheritance, 

shared genetic variation between close relatives might establish a continuous phenotype 

which in milder forms confers interest or benefits in understanding highly structured 

fields, and in extreme forms is dysfunctional. 

Similarly, affective disorders may represent an extreme phenotype of emotional lability 

that, in milder forms, is commensurate with interest in the humanities. Prior research on 

familial linkage with psychopathology has focused on both subject interests and 

creativity. One study noted an increased incidence of bipolar disorder in literature 

students [7]. A heightened incidence of affective disorders has also been reported in 

artists, based on posthumous biographical studies [3,22] and studies of living writers and 

their relatives [4,23]. However, studies including eminent scientists have noted that the 

incidence of these disorders is decreased [5,24]. Scientific creativity differs from 

creativity in the arts, requiring a strong element of logical deduction [25]. Our report of 

differing psychopathological patterns in the “two cultures” [26] suggests that any linkage 

between psychopathology and creativity is likely to differ depending on whether one is 

interested primarily in arts or sciences. 

Our findings do not speak to the respective contributions of genes and environmental 

influences in shaping intellectual interests. Environmental influences can take many 

forms, including the experience of growing up with the presence of mental illness within 

a family. Experience can shape the developing brain and reinforce preexisting tendencies 

or lead in unexpected directions. Future studies are needed to separate the influences of 

genes and shared environment on subject matter interests. In any case, our study 

reinforces the notion that psychopathology is an extreme form of mental function related 

to normal human phenotypic variation. 
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Materials and Methods 

We performed an online survey (using Qualtrics software) to assess attitudes and 

knowledge about science, familial incidence of neuropsychiatric disorders, demographic 

variables, and intended academic major. The survey also tested students for synesthesia 

and prosopagnosia. The web address of the survey was sent exclusively to the Princeton 

University entering Class of 2014, and was available from July 23, 2010 to September 1, 

2010. After this date the URL was inadvertently made public and further responses were 

disregarded. Of the replies received, responses were removed if the IP address was 

duplicated (typically in two consecutive sessions) or if responses were sparse. Student 

identity was not collected. A summary of the survey questions and results can be found at 

https://princetonsurvey.qualtrics.com/CP/Report.php?RP=RP_88hVwf2X4zkN9bu 

 

To assess subject matter interest, students were asked “Based on your current interests, 

what might be your likely major?” with the following options: Physical sciences or math, 

other natural sciences, engineering, humanities, social sciences, specific major in mind 

(specify), and undecided. Specific majors were classified in their parent category; 

multiple answers spanning categories were classified as undecided. For neuropsychiatric 

disorders, students were asked “Among your immediate family (parents, siblings, and 

yourself) and grandparents, which of the following major events have occurred? Check 

all that apply”, followed by a checklist of 17 disorders divided into two parts. Finally, a 

standalone question was asked: “Do you have a sibling with autism spectrum disorder 

(ASD)? ASD includes autism, Asperger's, and pervasive developmental disorder not 

otherwise specified.” To obtain the average number of siblings, a separate in-person 

survey was done with ~90% response rate (n=131) in classes in which technical and 

nontechnical students were enrolled. 

 

Four disorders with low response frequency were not included in the analysis: 

Huntington’s disease (n=1), phantom limb syndrome (n=4), epilepsy (n=18), and 

schizophrenia (n=18). Additionally, the disorder of “trouble recognizing faces,” which 

was intended to gauge prosopagnosia, was found to depend strongly on memory loss 

(χ
2
=138.2, p=6.7x10

-32
) and was discarded from the analysis. This left eleven 

neuropsychiatric variables (including ASD). To display the relations between these 

variables (Figure 1a), p-values were calculated based on a χ
2
 test of independence and 

adjusted for multiple comparisons to control for false discovery rate using the Benjamini-

Hochberg procedure [27]. Agglomerative hierarchical clustering (Figure 2b) was 

performed using the MATLAB Statistics toolbox, with pairwise similarities between 

disorders were calculated based on the sample correlation coefficient r and disorders 

clustered by an average-linked measure of the distance metric d = (1-r)/2. 

 

Since two questions were asked concerning ASDs, a conservative approach was taken by 

scoring responses as positive only if both questions were answered in the affirmative. 

Seven respondents indicated a sibling with an ASD without indicating a relative with an 

ASD (three technical majors, one non-technical major, three undecided), an inconsistency 
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 6 

that may have arisen because Asperger’s and pervasive developmental disorder not 

otherwise specified were listed explicitly in the sibling question but not in the familial 

question. Inclusion of these respondents (for a total of n=31 reporting siblings with an 

ASD, or 1 in 35) increased the statistical significance of the result (χ
2
=4.85, p=0.028). 

 

Since a relationship between ASDs and technical majors (math/science/engineering) has 

been previously reported [7,8], this relation was established by a chi-square test of 

independence comparing technical majors vs. non-technical majors. For other disorders, a 

relation with intended major was examined in a hypothesis-free manner. Each disorder 

was compared between technical majors, social sciences, and humanities, by a chi-square 

test of independence, with p-values (Table 1) adjusted to control for false discovery rate. 

 

Ethics Statement 

 

The survey was originally conducted for educational purposes. Retrospective approval to 

analyze anonymous data was granted by the Princeton University Institutional Review 

Board. 

Acknowledgments 

 

We thank Claire Fowler, Edward Freeland, and Naila Rahman for assistance with the 

survey and analysis, P. Alexander Argüello and Paul DiMaggio for discussion, and the 

Class of 2014 of Princeton University for their participation in this research. 

 

References 

 

1. Aristotle (1953) Problemata, vol. 2. Cambridge (WS Hetts Trans.). Cambridge 

University Press. 

 

2. Rush B (1812) Medical inquiries and observations upon diseases of the mind. 

Philadelphia: Kimber and Richardson. 

 

3. Jamison KR (1993) Touched with fire: manic-depressive illness and the artistic 

temperament. New York: Free Press. 

 

4. Andreasen NC (1987) Creativity and mental illness: prevalence rates in writers and 

their first-degree relatives. Am J Psychiatry 144:1288-1292. 

 

5. Ludwig AM (1995) The price of greatness. New York: Guildford. 

 

6. Baron-Cohen S, Wheelwright S, Stott C, Bolton P, Goodyer I (1997) Is there a link 

between engineering and autism? Autism 1:101-109. 

 

7. Baron-Cohen S (1998) Does autism occur more often in families of physicists, 

engineers, and mathematicians? Autism 2:296–301. 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



 7 

 

8. Baron-Cohen S, Wheelwright S, Burtenshaw A, Hobson E (2007) Mathematical talent 

is linked to autism. Hum Nat 18:125–131. 

 

9. Mullen AL (2010) Degrees of inequality: culture, class, and gender in American higher 

education. Baltimore: Johns Hopkins University Press. 

 

10. Fombonne E (2009) Epidemiology of pervasive developmental disorders. Pediatr Res 

65:591-598. 

 

11. Regier DA, Farmer ME, Rae DS, Locke BZ, Keith SJ, et al. (1990) Comorbidity of 

mental disorders with alcohol and other drug abuse. Results from the Epidemiologic 

Catchment Area (ECA) Study. JAMA 264:2511-2608. 

 

12. Kendler KS, Davis CG, Kessler RC (1997). The familial aggregation of common 

psychiatric and substance use disorders in the National Comorbidity Survey: a family 

history study. Br J Psychiatry. 170:541-548. 

 

13. Biederman J, Faraone SV, Keenan K, Benjamin J, Krifcher B, et al. (1992) Further 

evidence for family-genetic risk factors in attention deficit hyperactivity disorder. 

Patterns of comorbidity in probands and relatives psychiatrically and pediatrically 

referred samples. Arch Gen Psychiatry. 49:728-738. 

 

14. Kessler RC, Sonnega A, Bromet E, Hughes M, Nelson CB (1995) Posttraumatic 

stress disorder in the National Comorbidity Survey. Arch Gen Psychiatry. 52:1048-1060. 

 

15. Abrahams BS, Geschwind DH (2008) Advances in autism genetics: on the threshold 

of a new neurobiology. Nat Rev Genet 9:341-355. 

 

16. Cook EH Jr, Scherer SW (2008) Copy-number variations associated with 

neuropsychiatric conditions. Nature 455:919-923. 

 

17. Bienvenu OJ, Davydow DS, Kendler KS (2011) Psychiatric 'diseases' versus 

behavioral disorders and degree of genetic influence. Psychol Med 41:33-40. 

 

18. Hoekstra RA, Bartels M, Verweij CJ, Boomsma MI (2007) Heritability of autistic 

traits in the general population. Arch Pediatr Adolesc Med 161:372-377. 

 

19. McAdams DP, Olson BD (2010) Personality development: Continuity and change 

over the life course. Annu Rev Psychol 61:517–542. 

 

20. Windham GC, Fessel K, Grether JK (2009) Autism spectrum disorders in relation to 

parental occupation in technical fields. Autism Res. 2:183-91. 

 

21. Baron-Cohen S, Belmonte MK (2005) Autism: a window onto the development of the 

social and the analytic brain. Annu Rev Neurosci 28:109-126. 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



 8 

 

22. Post F (1996) Verbal creativity, depression and alcoholism. An investigation of one 

hundred American and British writers. Br J Psychiatry 168:545-555. 

 

23. Ludwig AM (1994) Mental illness and creative activity in female writers. Am J 

Psychiatry 151:1650-1656. 

 

24. Post F (1994) Creativity and psychopathology. A study of 291 world-famous men. Br 

J Psychiatry 165:22-34. 

 

25. Simonton DK (2004) Creativity in science: chance, logic, genius, and zeitgeist. New 

York: Cambridge University Press. 

 

26. Snow CP (1959) The two cultures and the scientific revolution. New York: 

Cambridge University Press. 

 

27. Benjamini Y, Hochberg Y (1995) Controlling the false discovery rate: a practical and 

powerful approach to multiple testing. J Roy Stat Soc B 57:289-300. 

Figure Legends 

 

Figure 1. Familial co-occurrence of neuropsychiatric disorders. (a) Significant 

relations between disorders within families. Brightness represents p-value from χ
2
 test of 

independence, adjusted for multiple comparisons. (b) Correlation-based dendrogram 

calculated with a hierarchical agglomerative algorithm. Co-occurrence is familial except 

for ASD, for which sibling data were used. 

 

Figure 2. Relationship between subject matter preference and familial 

neuropsychiatric disorders. The PRESUME score was calculated as familial bipolar + 

depressive + substance abuse – ASD, with a maximum of one point per category. Error 

bars indicate 68% binomial proportion confidence intervals on the 

science/math/engineering fraction. The number in parenthesis indicates respondents in 

that category. 

 

Tables 

 

Table 1. Relationships between neuropsychiatric disorders and intended academic 

major. Incidence is defined as the number of reports of relatives (or siblings in the case 

of autism spectrum disorder, ASD) with a disorder among 921 responding students who 

specified an intended major. 

 

 Incidence 

of disorder 

Odds ratio 
Humanities: Social sciences: Technical 

p-value 

Substance Abuse 167 3.19 : 1.42 : 1 1.9 x 10
-6

 

Major Depression 150 2.48 : 1.24 : 1 8.8 x 10
-4
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Bipolar 51 2.76 : 1.29 : 1 0.027 

Autism spectrum 20 0.66 : 0.13 : 1 0.037* 

Alzheimer’s 145 1.25 : 1.71 : 1 0.069 

ADHD 85 2.00 : 1.32 : 1 0.10 

PTSD 24 2.31 : 1.18 : 1 0.31 

Memory loss 238 1.13 : 1.35 : 1 0.31 

Parkinson’s 53 0.97 : 1.20 : 1 0.89 

Stroke 228 0.88 : 1.01 : 1 0.89 

Traumatic brain injury 26 1.01 : 1.24 : 1 0.89 
*ASD was tested as a prior hypothesis based on previous studies [6-8]. 
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