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IMPORTANCE Considerable partner resemblances have been found for a wide range of

psychiatric disorders, meaning that partners of affected individuals have an increased risk
of being affected compared with partners of unaffected individuals. If this resemblance is
reflected in genetic similarity between partners, genetic risk is anticipated to accumulate in
offspring, but these potential consequences have not been quantified and have been left
implicit.
OBSERVATIONS The anticipated consequences of partner resemblance on prevalence and
heritability of psychiatric traits in the offspring generation were modeled for disorders with
varying heritabilities, population prevalence (lifetime risk), and magnitudes of partner
resemblance. These models facilitate interpretation for a wide range of psychiatric disorders,
such as autism, schizophrenia, and depression. The genetic consequences of partner
resemblance are most pronounced when attributable to phenotypic assortment (driven by
the psychiatric trait). Phenotypic assortment results in increased genetic variance in the
offspring generation, which may result in increased heritability and population prevalence.
These consequences add generation after generation to a limit, but assortative mating is
unlikely to balance the impact of reduced fecundity of patients with psychiatric disorders in
the long term. This modeling suggests that the heritabilities of psychiatric disorders are
unlikely to increase by more than 5% from 1 generation of assortative mating (maximally 13%
across multiple generations). The population prevalence will increase most for less common
disorders with high heritability; for example, the prevalence of autism might increase by
1.5-fold after 1 generation of assortative mating (ⱖ2.4-fold in the long term) depending on
several assumptions.
CONCLUSIONS AND RELEVANCE The considerable partner resemblances found for psychiatric
disorders deserve more detailed interpretation than has been provided thus far. Although the
limitations of modeling are emphasized, the anticipated consequences are at most modest
for the heritability but may be considerable for the population prevalence of rare disorders
with a high heritability.
JAMA Psychiatry. doi:10.1001/jamapsychiatry.2016.2566
Published online October 12, 2016.

A

ssortative mating is the correlation with respect to a phenotype between the biological parents of children and has
been well described for many traits (eg, height).1,2 Nordsletten et al3 recently published a comprehensive study indicating
a clear pattern of nonrandom (assortative) mating within and across
11 major psychiatric disorders. This study was based on data from
Swedish population registers that included more than 700 000
unique cases matched with control individuals in a ratio of 1:5. The
tetrachoric correlation was estimated between partners with
respect to psychiatric diagnosis and the odds ratio (OR) for being
affected as the partner of an affected individual compared with
being affected as the partner of an unaffected individual. The
strongest partner resemblance was found for autism, with a partner correlation of approximately 0.47 (the other estimates are
summarized in the Table). In an accompanying editorial, Plomin et
jamapsychiatry.com
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al5 suggested that the findings from Nordsletten et al3 might help
to explain why psychiatric disorders are typically highly heritable
while associated with reduced fecundity.5 Nevertheless, although
the partner resemblances were pronounced, neither Nordsletten
et al3 nor Plomin et al5 provided quantitative boundaries of the
genetic consequences, leaving interpretation of the effect of
assortative mating on the prevalence and heritability of psychiatric disorders implicit. For example, although increased heritability
is readily understood as a potential consequence of assortative
mating, the expected magnitude of this increase and quantification of the consequences are not intuitive. Herein, we apply
genetic models to explore the upper boundaries of the consequences for psychiatric traits of 1 and multiple generations of
assortative mating while explicitly acknowledging the inevitable
model assumptions.
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Table. Approximation of Tetrachoric Partner Correlations in the Full Population From Case-Control Estimates

Disorder

Mean From Case-Control Data (Ratio 1:5)a

Approximation in Full Population

Tetrachoric Partner
OR of Partner Being Affected Correlation

Prevalence, K Value

Tetrachoric Partner
Correlationb

7.20

0.45

7.2 × 10−3

0.31

10.80

0.47

1.5 × 10−3

0.28

Schizophrenia

7.30

0.42

3.4 × 10−3

0.26

Bipolar disorder

2.00

0.15

7.2 × 10−3

0.10

Depression

1.84

0.16

3.6 × 10−2

0.12

Generalized anxiety disorder

2.64

0.19

2.7 × 10−3

0.11

Agoraphobia

3.56

0.24

1.8 × 10−3

0.14

Social phobia

3.75

0.27

2.8 × 10−3

0.16

Obsessive-compulsive disorder

2.42

0.17

2.3 × 10−3

0.10

Substance abuse

3.87

0.37

3.9 × 10−2

0.30

Anorexia nervosa

3.10

0.18

1.9 × 10−4

0.08

Attention-deficit/hyperactivity disorder
Autism spectrum disorder

onwards, and the prevalences presented can therefore be interpreted as the
prevalences of severe disorders that require specialized psychiatric care.

Abbreviation: OR, odds ratio.
a

Data are from Nordsletten et al3 with the mean values across males and
females. Because of oversampling of cases compared with the population
prevalence, these partner correlations are different from the partner
correlations in the full mating population. The disorder classification of
Nordsletten et al was based on diagnoses from admitted individuals from 1973
to 2001, extended with diagnoses from outpatients settings from 2001

Causes of Partner Resemblance
The consequences of partner similarity depend on its cause,6-10 which
we consider here in the context of traits relevant to psychiatric disorders. First, partner resemblance can arise when individuals are more
likely to partner with someone purely based on resemblance in vulnerability for the psychiatric disorder studied (phenotypic assortative mating; here assumed to be based on a scale of the liability of risk,
as discussed below), which will have genetic consequences.11 Second
and more likely, assortative mating can take place for another trait associated with the psychiatric disorder (eg, personality), which is referred to as secondary assortment12 and affects the trait in future generations via the genetic correlation between both traits. A third cause
of partner resemblance is social homogamy, which is a tendency to
mate with those living in the same environmental conditions with similar environmental psychiatric risk factors and which has no direct genetic consequences.11,13-15 A fourth, cause of partner resemblance is
found in marital interaction,16 which is the tendency for partners to
become more similar during their life together (eg, partners of patients
with obsessive-compulsive disorder are likely to adjust their checking habits),17 which is unlikely to reflect a partner correlation in genetic effects. An example of social homogamy and/or marital interaction is that partners may drink alcohol or use drugs together.14

Tetrachoric Correlation and the Liability
Threshold Model
The tetrachoric correlation18 presented by Nordsletten et al3 is the
most convenient measure to explore the consequences of assortative mating, because it represents the partner correlation on the underlying liability scale.19 Notably, the investigators matched 5 controls to every case (proportion of cases, 0.167),3 the proportion of
E2

b

The approximations of the tetrachoric partner correlation are not exact; for
example, for autism they range from 0.24 to 0.31 when considering the
estimates in females and males, respectively, and when taking into account
that the prevalence of autism in males has been estimated at twice the
prevalence in females in Sweden (eMethods 1 and 2 in the Supplement).4

which is considerably larger than the anticipated populationestimated lifetime prevalence. As a consequence, the tetrachoric correlations presented are likely overrepresentations of the partner correlations in the full Swedish population from which Nordsletten et al
selected individuals (eMethods 1 and 2 and eTable 1 in the Supplement). For example, the mean partner correlation of 0.47 found for
autism by Nordsletten et al3 reflects a partner correlation in the full
population approximated at 0.28 (Table). This approximation ranges
from 0.24 to 0.31 when considering the estimates in female and male
individuals, respectively, and when taking into account that the prevalence of autism in males has been estimated at twice the prevalence
in females in Sweden (eMethods 2 in the Supplement).4 The estimates of Nordsletten et al3 adjusted to the full population are largely
in line with those of the previous literature (eMethods 3 and eTable 2
in the Supplement).6-9,20-29 For modeling, the lifetime disorder populationprevalence(Kvalue)amongmatingindividualsisrequired,which
we approximated from Nordsletten et al3 (Table; with sensitivity modeling in eMethods 1 and 2 and eTable 1 in the Supplement). These
prevalences are relatively small (eg, 3.6% for depression compared
with 13% presented by Sullivan et al30), which is in line with previous
estimates from Swedish National Registry data4 and attributable to
disorder classification by Nordsletten et al3 based on diagnoses from
admitted individuals from 1973 to 2001 and extended with diagnoses from outpatient settings from 2001 onward. The disorder prevalences can therefore be interpreted as the prevalences of disorders
that require specialized psychiatric care and are used as the estimates of minimum lifetime prevalence of the disorders.

Consequences of 1 Generation
of Assortative Mating
The consequences of assortative mating depend on the genetic architecture of the disorder, its population prevalence, and its
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Figure 1. Increase in Additive Genetic Variance (VA) and Heritability (hl2) From 1 Generation of Assortative Mating
A Absolute increase in additive genetic variance
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The expected increase in additive genetic variance and heritability from 1
generation of assortative mating is displayed against the heritability in the
parental generation, expressed as the absolute increase (offspring − parental)
and relative increase [100 × (offspring − parental)/parental] of additive genetic
variance (A and B) and heritability (C and D), for partner correlation in liability of

0.1, 0.2, 0.3, and 0.4 respectively. The presented increases depend on assuming
the liability threshold model, constant environmental effects in the offspring
and parental generations, partner resemblance fully attributable to phenotypic
assortment, and the parental generation as the first to exhibit patterns of
assortative mating.

heritability.31 To minimize the numbers of assumptions, we will first
review the maximum anticipated impact in 1 generation to later address the consequences of multiple generations of assortative mating. Assortative mating describes phenotypic partner resemblance,
but its consequences for the following generation are a result of the
partner correlation in genetic values, the magnitude of which depends on the heritability (proportion of variance attributable to genetic factors).11 Psychiatric disorders are now widely accepted to be
highly polygenic and affected by many loci32-34 that individually explain less than 1% of variance.35 As a consequence, genotype frequencies of individual loci do not, or only very slightly, change as a result
of assortative mating (eMethods 4 in the Supplement). Rather, assortment introduces correlation between effective loci because the
many risk alleles of the fathers correlate with the many risk alleles of
the mothers.36,37 This correlation between effective loci increases the
additive genetic variance from the parent to the offspring generation, which is the key consequence of assortative mating from which
changes in heritability and population prevalence follow.36,37
The increased genetic variance introduced by assortative mating results in an increased heritability in the offspring generation.38

From Figure 1, the additive genetic variance can be seen to increase as much as 16% after 1 generation of assortative mating, with
a partner correlation of 0.4 for a disorder with heritability of 0.8
(Figure 1B), which represents an absolute increase in additive variance of 0.13 (Figure 1A). This increase in additive genetic variance is
less pronounced for disorders with smaller heritability, as discussed above. Notably, the increase does not depend on the disorder prevalence because the partner correlation is expressed on the
liability scale. Contrary to the additive genetic variance, the offspring heritability does not monotonically increase with increasing
parental heritability (Figure 1C and D) because the heritability is a
ratio of additive genetic variance divided by the sum of additive genetic variance (VA) and residual variance (VE), as shown in the following equation:

jamapsychiatry.com

hl2 = VA/(VA + VE).

The increased additive genetic variance features in the numerator
and denominator. As a consequence, the maximum effect of assortative mating on the heritability is found for disorders with heritability ranging from 0.5 to 0.7 (Figure 1C and D), assuming the re(Reprinted) JAMA Psychiatry Published online October 12, 2016
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Figure 2. Assortative Mating and Increased Population Variance
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The distributions of liabilities in the parental and offspring generations are
displayed to illustrate how the increased liability variance in offspring increases
the proportion of individuals exceeding the disorder threshold (highlighted in
orange) who are thus affected. The increased variance in liability is attributable
to the increased variance in additive genetic effects resulting from assortative
mating. This example is based on a disorder with a heritability of 0.8, prevalence
of 0.01, and partner correlation in liability of 0.4 fully attributable to phenotypic
assortment, which may be approximately representative of disorders such as
schizophrenia, bipolar disorder, or autism, thus providing an upper boundary of
the consequences of assortative mating for these disorders.

sidual variance is the same in the offspring as in the parental
generation. For a partner correlation of 0.4, the maximum increase
in heritability from 1 generation of assortative mating is expected to
be less than 5% of the parental heritability (Figure 1D).
The increased genetic variance introduced by assortative mating generates increased variance of phenotypic liability and heavier
tails in the liability distribution, which means an increased proportion
of individuals exceeding the disorder threshold, and hence an increase
in population disorder prevalence (K value) (Figure 2). In Figure 3, the
relative increase in population prevalence is displayed for disorders
with prevalences in the parental population of 0.001, 0.01, 0.05, and
0.15 for heritabilities ranging from 0.2 to 0.8 and partner correlation
(phenotypic assortment) of 0.4, 0.3, 0.2, and 0.1. The relative increase
in population prevalence is largest for rare disorders with large heritability and large partner correlation. For example, autism has a relatively high partner correlation of 0.28, high heritability of 80%,30 and
a low prevalence of approximately 0.15% that is anticipated to increase
by 50% to 0.22%, whereas severe depression as classified by Nordsletten et al3 has a partner correlation of 0.12, heritability of approximately 37%,30 and a prevalence of 3.4% that is anticipated to increase
to 3.5% (or, when assuming similar partner correlation for the broader
depression definition, from 15.0%-15.1%).

Impact of Model Assumptions
The first key assumption in the models described above is that partner resemblance is attributable to phenotypic assortment on the liE4

ability scale. This assumption is difficult to test in a large-scale population study as that conducted by Nordsletten et al,3 and, although
some previous studies6,7,28 attempted to correct for social homogamy and secondary assortment, the proportion of partner resemblance that is attributable to phenotypic assortment, secondary assortment, social homogamy, and marital interaction remains
largely unknown. Nevertheless, assuming phenotypic assortment
defines upper boundaries of the genetic consequences are explored, because social homogamy and marital interaction are expected to represent no changes in additive genetic variance, and secondary assortment is expected to result in less change in genetic
variance than phenotypic assortative mating.
The second key assumption is that the residual variance (reflectingenvironmental,stochastic,andmeasurementerroreffects)isequal
in the offspring and parental generations, which is difficult to test, but
on average acceptable given the range of countering environmental
effects between generations (eg, born after rather than before World
War II, or financial crisis in offspring vs financial prosperity in parents).
However, if the mean of environmental effects is smaller (or larger)
in offspring, the prevalence would be lower (or higher) than presented. If the variance of environmental effects was larger in the offspring
generation, the offspring heritability would be smaller and the offspring prevalence larger than presented.
The third key assumption in the models is that the generation
considered is the first to exhibit patterns of assortative mating. This
assumption is unlikely to hold and difficult to test, but it ensures that
the upper boundaries are explored because the anticipated consequences are less pronounced in the second, third, or consecutive
generations of assortative mating.

Multiple Generations of Assortative Mating
In classic quantitative genetics theory, the consequences of assortative mating are usually explored in a population at equilibrium, because the anticipated increase in additive genetic variance introduced by assortative mating adds generation after generation to
asymptotically stabilize at a maximum.36 The correlation between
effective loci across the genome, which is responsible for the increase in additive genetic variance, is bound by a maximum. Notably, the maximum correlation is smaller than 1 because (1) partner
resemblance is smaller than 1, (2) heritability is smaller than 1, and
(3) affected individuals can by chance transmit all of their nonrisk
alleles to their offspring.
Here, we choose to focus on the consequences of 1 generation
of assortative mating because we believe that the assumptions of
the underlying model are unlikely to be valid across generations. In
the context of psychiatric disorders, the scope for assortative mating afforded today by transport, social services, and social media
technologies is difficult to conceive as relevant to previous generations. Nevertheless, for completeness, the consequences of multiple generations of assortative mating and achieving equilibrium
were considered in eMethods 5 and eTable 3 in the Supplement. To
illustrate for a disorder such as autism in Sweden, with a lifetime
prevalence of 0.0015, heritability of 0.8, and partner correlation of
0.28 assumed fully attributable to phenotypic assortment, the heritability would increase from 0.80 in the founder population via 0.816
in the first generation and 0.826 in the second generation to reach
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Figure 3. Increase in Population Prevalence After 1 Generation of Assortative Mating
A Phenotypic assortment of 0.4
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The expected increase in population prevalence (K) from 1 generation of
assortative mating expressed as 100% × (Koffspring − Kparental)/Kparental is
displayed against the parental heritability (hl2) for a parental prevalence of
Kparental = 0.001, 0.01, 0.05, and 0.15 and partner correlation of 0.4, 0.3, 0.2,
and 0.1, respectively. The presented increase depends on assuming the liability

threshold model, constant environmental effects in the offspring and parental
generations, partner resemblance fully attributable to phenotypic assortment,
and the parental generation as the first to exhibit patterns of assortative
mating.

its equilibrium of 0.839 in the eighth generation, wherease the population prevalence would increase from 0.0015 in the founder generation to 0.0022 in the first (ie, a 1.5-fold increase) and 0.0028 in
the second generation to the equilibrium of 0.0039 from the ninth
generation onward (ie, a 2.4-fold increase compared with the founder
population; eTable 4 in the Supplement). eFigure 1 in the Supplement
displays the increase in additive genetic variance for 10 generations of assortative mating and illustrates an upper boundary for heritability increase of 13% that was found for a disorder with heritability of 0.5 in the founder generation and phenotypic assortment of
0.4. eFigure 2 in the Supplement shows that the increase in population prevalence can be more pronounced, as was discussed for the
consequences of 1 generation of assortative mating.

dity of affected persons. 39,40 Because assortative mating increases the population prevalence, considering assortative mating
as a counteracting force of natural selection seems relevant. We have,
therefore, derived a theory to consider the combined impact of assortative mating and natural selection (eMethods 5 in the Supplement). These models help to quantify boundaries, but interpretation is limited by many assumptions, so results must be interpreted
with caution. In short, while assuming (1) constant mating patterns, constant fecundity, constant environmental effects, and constant disorder threshold over generations; (2) natural selection and
assortment starting to act at the same moment in time; and (3) no
other evolutionary forces than selection (eg, no new mutations), we
modeled reduced fecundity as partial truncation selection and assortment as before. To illustrate the impact of reduced fecundity, a
numeric example is provided for disorders such as autism with a fecundity ratio of 0.35,4 heritability of 0.8, prevalence of 0.0015, and
assortment of 0.28 (eTable 4 in the Supplement). First, although the
consequences of assortment reach equilibrium after approximately 7 to 10 generations, natural selection acts also in the subse-

Reduced Fecundity of Psychiatric Patients
Debate has proceeded from an evolutionary perspective as to why
psychiatric disorders continue to exist despite the reduced fecunjamapsychiatry.com
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quent generations, resulting in a combined impact of assortment and
selection with an increased population prevalence in the first couple
of generations, followed by a decrease to 0.0013 in generation 100
and 0.0001 in generation 1000 (eTable 4 in the Supplement). Notably, the heritability does not change much from selection, as expected from the polygenic architecture and weak coefficient of selection intensity.41 In general, assortment might counteract selection
for a few generations, but not in the longer term for subsequent generations. Taken together, we believe other mechanisms are better
suited to explain why psychiatric disorders continue to exist despite the reduced fecundity, such as ancestral neutrality (harmful features in current times were not harmful in the past), balancing selection (eg, risk alleles might benefit fitness via their effect on
creativity or healthy cautious behavior),42 polygenic mutationselection balance, or psychiatric disorders as a fitness trade-off at
the extreme end of variation.39,40

Model Limitations
Several additional model assumptions exist than those listed above.
First, the liability threshold model was assumed because this is the
most convenient parameterization of polygenic disease risk and is
recognized as equivalent to other disease models43; although this
model cannot be observed, available empirical data provide no reason to reject this model. Second, we assume that phenotypic assortment is based on the liability scale rather than disease status;
when partner resemblance would be attributable to phenotypic assortment based on disease status, the consequences would have
been much less pronounced (eMethods 6, eTable 5, and eFigures 3
and 4 in the Supplement). Third, we note that models are based on
lifetime prevalences, and we assume that the case-control status in
the study by Nordsletten et al3 approximates lifetime status. Fourth,
the disorders were implicitly assumed to be only affected by additive genetic effects and not by dominance deviations from additivity, but this assumption is justified because assortative mating only
acts on additive and not on dominance deviations.36 Fifth, the impact of cultural inheritance (of information by communication, imitation, teaching, and learning)44,45 fell outside the scope of this study
because we aimed to explore boundaries for the genetic consequences of assortative mating. However, cultural inheritance is modeled as common environment in twin models, and we note that common environment explains considerably less variation for psychiatric
traits than additive genetic effects (eg, 1.3% vs 77% for schizophrenia and 5%-15% vs 45% for obsessive-compulsive disorder).46,47 We
cannot draw strong conclusions from modeling because of these inevitable assumptions. Nevertheless, we believe modeling gives more
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insight than not modeling and places upper boundaries to the genetic consequences of assortative mating for psychiatric traits.

Discussion
Partner resemblance has been convincingly confirmed by Nordsletten et al3 for 11 psychiatric disorders in a large-scale study from
Sweden building on evidence from earlier studies.6-9,20-29 Here, we
set out to provide quantification of the genetic consequences of partner resemblance for psychiatric traits. When we consider all factors
consistent with empirical data, we find that assortative mating likely
plays a substantial role in psychiatric genetics with considerable anticipated consequences on the population prevalence of rare disorders with high heritability and, to a lesser extent, on the heritability. In reality, the prevalence increase from parental to offspring
generations of 1.0% to 1.5%, for example, although highly important, may be hard to detect in empirical data or to attribute to assortative mating given the standard errors around these estimates.
Nevertheless, increased rates of disorders have been suggested
when both parents are affected.48 The estimated consequences are
upper boundaries because if the partner resemblance found by
Nordsletten et al3 was partly attributable to, for example, social
homogamy,11,13-15 the consequences would be considerably less. In
addition, other factors also affect the population prevalence, such
as reduced fecundity in patients with psychiatric disorders. Notably, the presence of assortative mating does not affect genomewide association studies because of the small effects of individual
loci.49 Estimates of the proportion of variance explained by genomewide single-nucleotide polymorphisms (single-nucleotide polymorphism heritability) will be increased in line with the models in this
report that are attributable to the correlation between effective
single-nucleotide polymorphisms.49

Conclusions
These factors together suggest that current trends in assortative mating might lead to a considerable increase in the prevalence of rare
disorders with high heritability, but assortative mating will at most
have a modest effect on heritability. A challenge for future research will be to disentangle further partner resemblance owing to
phenotypic assortment from partner resemblance as a result of secondary assortment, social homogamy, and marital interaction. Future population samples consisting of large numbers of partners with
genotype and phenotype data may address this challenge by comparing risk alleles in partners with their disease status.

for Medical Systems Biology (NWO Genomics), and
by grants 1050218 and 1078901 and fellowship
1087889 from the National Health and Medical
Research Council (Dr Wray).
Role of the Funder/Sponsor: The funding sources
had no role in the design and conduct of the study;
collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of the manuscript; and decision to submit
the manuscript for publication.

Additional Contributions: Ashley E. Nordsletten,
PhD, James J. Crowley, PhD, and David Mataix-Cols,
PhD (Department of Clinical Neuroscience,
Karolinska Institutet), and John J. McGrath, PhD
(Queensland Brain Institute, University of
Queensland), provided useful feedback, for which
they were not compensated.
REFERENCES
1. Courtiol A, Raymond M, Godelle B, Ferdy J-B.
Mate choice and human stature: homogamy as a

JAMA Psychiatry Published online October 12, 2016 (Reprinted)

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From: http://archpsyc.jamanetwork.com/ by a United Arab Emirates University User on 10/17/2016

jamapsychiatry.com

Genetic Consequences of Assortative Mating for Psychiatric Traits

Special Communication Clinical Review & Education

2. Stulp G, Barrett L. Evolutionary perspectives on
human height variation. Biol Rev Camb Philos Soc.
2016;91(1):206-234.

18. Pearson K. Mathematical contributions to the
theory of evolution, VII: on the correlation of
characters not quantitatively measurable. Philos
Trans R Soc London. 1900;195:1-47. http://www
.jstor.org/stable/90764. Accessed August 28, 2015.

3. Nordsletten AE, Larsson H, Crowley JJ, Almqvist
C, Lichtenstein P, Mataix-Cols D. Patterns of
nonrandom mating within and across 11 major
psychiatric disorders. JAMA Psychiatry. 2016;73(4):
354-361.

19. Falconer D. The inheritance of liability to certain
diseases, estimated from the incidence among
relatives. Ann Hum Genet. 1965;29(51):51-76. http:
//onlinelibrary.wiley.com/doi/10.1111/j.1469-1809
.1965.tb00500.x/pdf. Accessed September 17, 2015.

4. Power RA, Kyaga S, Uher R, et al. Fecundity of
patients with schizophrenia, autism, bipolar
disorder, depression, anorexia nervosa, or
substance abuse vs their unaffected siblings. JAMA
Psychiatry. 2013;70(1):22-30.

20. van Steijn DJ, Richards JS, Oerlemans AM, et al.
The co-occurrence of autism spectrum disorder and
attention-deficit/hyperactivity disorder symptoms
in parents of children with ASD or ASD with ADHD.
J Child Psychol Psychiatry. 2012;53(9):954-963.

5. Plomin R, Krapohl E, O’Reilly PF. Assortative
mating: a missing piece in the jigsaw of psychiatric
genetics. JAMA Psychiatry. 2016;73(4):323-324.

21. Boomsma DI, Saviouk V, Hottenga J-J, et al.
Genetic epidemiology of attention deficit
hyperactivity disorder (ADHD index) in adults. PLoS
One. 2010;5(5):e10621.

unified framework for understanding mating
preferences. Evolution. 2010;64(8):2189-2203.

6. Maes HH, Neale MC, Kendler KS, et al.
Assortative mating for major psychiatric diagnoses
in two population-based samples. Psychol Med.
1998;28(6):1389-1401.
7. van Grootheest DS, van den Berg SM, Cath DC,
Willemsen G, Boomsma DI. Marital resemblance for
obsessive-compulsive, anxious and depressive
symptoms in a population-based sample. Psychol
Med. 2008;38(12):1731-1740.
8. Mataix-Cols D, Boman M, Monzani B, et al.
Population-based, multigenerational family
clustering study of obsessive-compulsive disorder.
JAMA Psychiatry. 2013;70(7):709-717.
9. Isomura K, Boman M, Rück C, et al.
Population-based, multi-generational family
clustering study of social anxiety disorder and
avoidant personality disorder. Psychol Med. 2015;
45(8):1581-1589.
10. Merikangas KR. Assortative mating for
psychiatric disorders and psychological traits. Arch
Gen Psychiatry. 1982;39(10):1173-1180.
11. Falconer D, Mackay T. Introduction to
Quantitative Genetics. 4th ed. Essex, England:
Longman; 1996.
12. Cloninger CR. Interpretation of intrinsic and
extrinsic structural relations by path analysis:
theory and applications to assortative mating.
Genet Res. 1980;36(02):133-145.
13. Heath AC, Eaves LJ. Resolving the effects of
phenotype and social background on mate
selection. Behav Genet. 1985;15(1):15-30.
14. Vanyukov MM, Neale MC, Moss HB, Tarter RE.
Mating assortment and the liability to substance
abuse. Drug Alcohol Depend. 1996;42(1):1-10.

22. Constantino JN, Todd RD. Intergenerational
transmission of subthreshold autistic traits in the
general population. Biol Psychiatry. 2005;57(6):
655-660.
23. Virkud YV, Todd RD, Abbacchi AM, Zhang Y,
Constantino JN. Familial aggregation of quantitative
autistic traits in multiplex versus simplex autism.
Am J Med Genet B Neuropsychiatr Genet. 2009;
150B(3):328-334.
24. De la Marche W, Noens I, Kuppens S, Spilt JL,
Boets B, Steyaert J. Measuring quantitative autism
traits in families: informant effect or
intergenerational transmission? Eur Child Adolesc
Psychiatry. 2015;24(4):385-395.
25. Hoekstra RA, Bartels M, Verweij CJH, Boomsma
DI. Heritability of autistic traits in the general
population. Arch Pediatr Adolesc Med. 2007;161(4):
372-377.
26. Mathews CA, Reus VI. Assortative mating in the
affective disorders: a systematic review and
meta-analysis. Compr Psychiatry. 2001;42(4):257262.
27. Lichtenstein P, Björk C, Hultman CM, Scolnick E,
Sklar P, Sullivan PF. Recurrence risks for
schizophrenia in a Swedish national cohort. Psychol
Med. 2006;36(10):1417-1425.
28. Low N, Cui L, Merikangas KR. Spousal
concordance for substance use and anxiety
disorders. J Psychiatr Res. 2007;41(11):942-951.
29. Distel MA, Vink JM, Willemsen G, Middeldorp
CM, Merckelbach HLGJ, Boomsma DI. Heritability of
self-reported phobic fear. Behav Genet. 2008;38
(1):24-33.

15. McLeod J. Social and psychological bases of
homogamy for common psychiatric disorders.
J Marriage Fam. 1995;57(1):201-214.

30. Sullivan PF, Daly MJ, O’Donovan M. Genetic
architectures of psychiatric disorders: the emerging
picture and its implications. Nat Rev Genet. 2012;13
(8):537-551.

16. Penrose LS. Mental illness in husband and wife:
a contribution to the study of assortative mating in
man. Psychiatr Q. 1944;18(S1):161-166.

31. Wray NR, Visscher PM. Narrowing the
boundaries of the genetic architecture of
schizophrenia. Schizophr Bull. 2010;36(1):14-23.

17. Boeding SE, Paprocki CM, Baucom DH, et al. Let
me check that for you: symptom accommodation in
romantic partners of adults with obsessivecompulsive disorder. Behav Res Ther. 2013;51(6):
316-322.

32. Purcell SM, Wray NR, Stone JL, et al;
International Schizophrenia Consortium. Common
polygenic variation contributes to risk of
schizophrenia and bipolar disorder. Nature. 2009;
460(7256):748-752.

jamapsychiatry.com

33. Klei L, Sanders SJ, Murtha MT, et al. Common
genetic variants, acting additively, are a major
source of risk for autism. Mol Autism. 2012;3(1):9.
34. Demirkan A, Penninx BWJH, Hek K, et al.
Genetic risk profiles for depression and anxiety in
adult and elderly cohorts. Mol Psychiatry. 2011;16
(7):773-783.
35. Witte JS, Visscher PM, Wray NR. The
contribution of genetic variants to disease depends
on the ruler. Nat Rev Genet. 2014;15(11):765-776.
36. Bulmer M. The Mathematical Theory of
Quantitative Genetics. Oxford, England: Clarendon
Press; 1985.
37. Walsh B, Lynch M. Evolution and selection of
quantitative traits, ii: advanced topics in breeding
and evolution. http://nitro.biosci.arizona.edu/zbook
/NewVolume_2/newvol2.html#2B. Updated May 15,
2011. Accessed May 15, 2015.
38. Lynch M, Walsh B. Genetics and Analysis of
Quantitative Traits. Sunderland, MA: Sinauer; 1998.
39. van Dongen J, Boomsma DI. The evolutionary
paradox and the missing heritability of
schizophrenia. Am J Med Genet B Neuropsychiatr
Genet. 2013;162B(2):122-136.
40. Keller MC, Miller G. Resolving the paradox of
common, harmful, heritable mental disorders:
which evolutionary genetic models work best?
Behav Brain Sci. 2006;29(4):385-404.
41. Bulmer MG. The effect of selection on genetic
variability. Am Nat. 1971;105(943):201-211.
42. Power RA, Steinberg S, Bjornsdottir G, et al.
Polygenic risk scores for schizophrenia and bipolar
disorder predict creativity. Nat Neurosci. 2015;18(7):
953-955.
43. Slatkin M. Exchangeable models of complex
inherited diseases. Genetics. 2008;179(4):2253-2261.
44. Cloninger CR, Rice J, Reich T. Multifactorial
inheritance with cultural transmission and
assortative mating, II: a general model of combined
polygenic and cultural inheritance. Am J Hum Genet.
1979;31(2):176-198.
45. Peedicayil J. The importance of cultural
inheritance. Med Hypotheses. 2001;56(2):158-159.
46. Polderman TJ, Benyamin B, de Leeuw CA, et al.
Meta-analysis of the heritability of human traits
based on fifty years of twin studies. Nat Genet.
2015;47(7):702-709.
47. Taylor S. Etiology of obsessions and
compulsions: a meta-analysis and narrative review
of twin studies. Clin Psychol Rev. 2011;31(8):1361-1372.
48. Gottesman II, Laursen TM, Bertelsen A,
Mortensen PB. Severe mental disorders in offspring
with 2 psychiatrically ill parents. Arch Gen Psychiatry.
2010;67(3):252-257.
49. Peyrot WJ, Boomsma DI, Penninx BWJH, Wray
NR. Disease and polygenic architecture: avoid trio
design and appropriately account for unscreened
control subjects for common disease. Am J Hum
Genet. 2016;98(2):382-391.

(Reprinted) JAMA Psychiatry Published online October 12, 2016

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From: http://archpsyc.jamanetwork.com/ by a United Arab Emirates University User on 10/17/2016

E7

