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Two	primary	differences	between	
Males	and	Females.

 

Males Females

Means	Differences		between	the	
sexes

Regression	coefficients	(β)	capture	
the	differences	between	the	mean	
levels	of	the	trait	between	sexes

Not	generally	what	we	are	
talking	about	when	
discussion	of	Sex	limitation,	
but	very	important	
nonetheless.



Two	primary	differences	between	
Males	and	Females.

Variance	Differences		between	the	
sexes

σ2 capture	the	differences	
between	the	variation	around	the	
mean	across	the	sexes

 

Males
Females

The	key	question	 is	why	there	
is	more	or	less	variation	in	one	
sex	rather	than	the	other



Both	Mean	and	Variance	Differences 

MalesFemales

If	mean	differences	exist,	but	
are	ignored,	they	can	induce	
variance	differences

Makes	 it	very	important	to	
include	covariates/definition	
variables	for	sex	when	looking	
at	sex	limitation	models



How	can	you	have	differences	in	variance?

• Independent	variables	(millions	of	them)	can	
influence	the	trait	to	different	extents	in	
different	groups

or

• Different	independent	variables	can	influence	
the	trait	in	the	different	groups.



correlations in DZss or DOS- twin pairs for Metabolic risk factors and
Migraine, except for HDL-cholesterol.

Discussion

Evidence for sex-differences in the genetic architecture of
complex human traits was found for 6 of the 122 variables (in 4
traits the difference was explained by different genes in men and
women and in 2 traits by different environmental influences in
men and women). The observed number is in line with that
expected if the type-I error rate is 5%, indicating that in our data
sex-differences in the genetic architecture of complex phenotypes
are rare. Power analyses (see Table S6) indicated that power in our
samples is sufficient to detect sex by genotype interactions for
nearly all traits. To attain sufficient power to detect differences
between DZss and DZos correlations (based on likelihood-ratio
tests) sample sizes need to be larger as the correlations between
relatives decrease. The smallest samples sizes in this study were for
measures of brain function, which tend to show high heritability
and high correlations in first-degree relatives, while the low DZ
correlations were for traits such as birth weight for which sample
sizes were large.

As Eaves and colleagues (1978) pointed out, the comparison of
similarity in DZos twin pairs and DZss twin pairs can reveal
important information on sex-dependent effects in genetic factors.
In 1997, Eaves and colleagues reported they did not find striking
evidence that different genetic or environmental factors affect
males and females, for a wide range of adolescent behavioral traits
like anxiety and depression, conduct disorder, ADHD, impulsivity
[11].There are several other examples of twin studies that did not
find evidence for sex differences, for example for substance use
[12] and depression [13] although some other studies find sex
differences, for example for BMI [14] and conduct disorder [15].
A large study of cardiovascular and personality traits in 6,148
Sardinians concluded that despite heterogeneity in effect sizes (in
general higher heritability in females compared to males), the same
loci appear to contribute to variance in males and females [16].

In the past decennia, the field of genetic research has developed
rapidly. Due to advanced measurement techniques, gene finding
strategies shifted from candidate genes studies and linkage
analyses, to genome-wide association studies and whole genome

sequencing. There are few systematic large-scale studies that have
addressed sex-differences in the genetic architecture of complex
traits or in the genetic associations of such traits with candidate
genes or genome-wide SNP data. For anthropometric measures, 7
of the 348 SNPs displayed significant sex difference in large
genome-wide search including over 60.000 men and over 70.000
women (Randall et al, under review) [17]. A systematic appraisal
of 432 sex-difference claims from 77 genetic association studies
concluded that most claims were insufficiently documented or
spurious. Claims with documented good internal and external
validity were uncommon [18] leading to a recommendation that
gene-sex interactions should be based on a priori, clearly defined,
and adequately powered subgroup analyses, should be explained
with caution, and be replicated.

No systematic reviews are available of sex differences in GWA
studies. Therefore, we reviewed all available GWA studies for
Height on sex-specific analyses and/or results. We selected this
phenotype because it met criteria proposed in Visscher et al [19]:
at least three GWAS papers published in journals with a 2010–
2011 journal impact factor .9 and at least one paper containing
10 or more genome-wide significant loci. We considered all GWA
studies published until the second quarter of 2011, and found 19
that included the phenotype Height [20]. In eleven studies sex-
effects were considered in some way. One study reported sex-
heterogeneity at 3 SNPs, and one study reports a larger effect size
in females for 1 SNP, while the other studies did not detect sex-
specific loci (See Table S8). In conclusion, sex-specific effects were
small or absent, with only a few exceptions. This is in line with our
observations in the present paper. We did not detect qualitative
sex-differences in adult height, and some small differences in the
height data of children.

Based on our systematic comparisons of resemblance in DZ
twin pairs conditional on sex in a large dataset, we find that sex by
genotype interactions for a broad range of behavioral, psychiatric
and health related phenotypes are rare. These results suggest that
for most variables there is no strong a priori hypothesis that
different genes are expressed in men and women. This does not
imply that it is not worth to search for sex-specific genes in GWAS
because there might still be cases of sex-specific effects at specific
loci that are overshadowed by polygenic variance.

Figure 1. Twin correlations for Lifestyle variables. 1A: adult twins and 1B: adolescent twins. The green bars represent correlations in
Monozygotic Male (MZM) twin pairs (light green) and Monozygotic Female (MZF) twin pairs. The blue bars represent correlations in Dizygotic Male
(DZM) twin pairs, Dizygotic Female (DZF) twin pairs and Dizygotic Opposite Sex (DOS) twin pairs. The green and blue bars reflect the correlations in a
full model, while the orange bars reflect twin correlations for Dizygotic (DZ) twin pairs in the most parsimonious model, with: DZM (light orange),
MZF (normal orange), DOS (dark orange).
doi:10.1371/journal.pone.0047371.g001
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Abstract

We examined sex differences in familial resemblance for a broad range of behavioral, psychiatric and health related
phenotypes (122 complex traits) in children and adults. There is a renewed interest in the importance of genotype by sex
interaction in, for example, genome-wide association (GWA) studies of complex phenotypes. If different genes play a role
across sex, GWA studies should consider the effect of genetic variants separately in men and women, which affects
statistical power. Twin and family studies offer an opportunity to compare resemblance between opposite-sex family
members to the resemblance between same-sex relatives, thereby presenting a test of quantitative and qualitative sex
differences in the genetic architecture of complex traits. We analyzed data on lifestyle, personality, psychiatric disorder,
health, growth, development and metabolic traits in dizygotic (DZ) same-sex and opposite-sex twins, as these siblings are
perfectly matched for age and prenatal exposures. Sample size varied from slightly over 300 subjects for measures of brain
function such as EEG power to over 30,000 subjects for childhood psychopathology and birth weight. For most phenotypes,
sample sizes were large, with an average sample size of 9027 individuals. By testing whether the resemblance in DZ
opposite-sex pairs is the same as in DZ same-sex pairs, we obtain evidence for genetic qualitative sex-differences in the
genetic architecture of complex traits for 4% of phenotypes. We conclude that for most traits that were examined, the
current evidence is that same the genes are operating in men and women.
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Introduction

Heritability is defined as the ratio of the genetic variance over
the total variance of a trait [1], and can differ between the sexes for
multiple reasons. Different genes can be expressed in men and
women, but even when the same genes are expressed in both sexes
their relative importance can differ, and the environmental
variance can vary, thereby also changing the ratio of genetic over
total variance. In a classical paper from 1978, Eaves et al suggested
that the key to detection of sex by genotype interactions lies with
opposite-sex twin pairs who should be comparable in their
similarity with dizygotic same-sex (DZss) twin pairs if a similar
mechanism is accounting for the variation in the trait in males and
females [2]. To cite Eaves and colleagues: ‘‘Many twin studies in the
past have deliberately excluded unlike-sex twins, presumably out of a mistaken
belief that concentrating on like-sex pairs ‘controls’ for the effect of sex. In
reality, exactly the reverse is true. Omission of unlike-sex pairs removes the most

important tool for the early identification of sex-dependent mechanisms of
determination.’’

Resemblances among first degree relatives such as dizygotic
twins or sibling pairs can be summarized by correlations (r). For
phenotypes assessed on a continuous scale r can be a product-
moment or intra-class correlation. For ordinal and dichotomous
traits, r can be a polychoric or tetrachoric correlation, which
summarizes the familial resemblance on the liability scale [3]. The
expectations for sibling or DZ twins correlations assuming an
autosomal inheritance pattern can be expressed as:

In male-male pairs : r(MM)~1=2hm
2zcm

2

In female-female pairs : r(FF )~1=2hf
2zcf

2
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On	all	of	the	SNPs	presented,	women	
are	affected	by	the	polymorphism,	
while	men	are	not.

Ergo,	different	genes	“cause”	the	trait	
in	males	and	females!	
Or
Molecular	evidence	of	qualitative	sex	
limitation



ABSTRACT:		We	conducted	genome-wide	association	studies	of	three	
phenotypes:	subjective	well-being	(SWB;	N =	298,420),	depressive	symptoms	
(DS;	N =	161,460),	and	neuroticism	(N =	170,910).	We	identified	three	variants	
associated	with	SWB,	two	with	DS,	and	eleven	with	neuroticism,	including	two	
inversion	polymorphisms.	The	two	DS	loci	replicate	in	an	independent	
depression	sample.	Joint	analyses	that	exploit	the	high	genetic	correlations	
between	the	phenotypes	( 𝝆" ≈ 𝟎. 𝟖)	strengthen	the	overall	credibility	of	the	
findings,	and	allow	us	to	identify	additional	variants.	Across	our	phenotypes,	
loci	regulating	expression	in	central	nervous	system	and	adrenal/pancreas	
tissues	are	strongly	enriched	for	association.

Genetic	Associations	with	Subjective	Well-Being
Also	Implicate	Depression	and	Neuroticism

Nature	Genetics,	accepted



Heterogeneity	Questions	

• Univariate Analysis:	
–What	are	the	contributions	of	additive	genetic,	
dominance/shared	environmental	and	unique	
environmental	factors	to	the	variance?

• Heterogeneity:
– Are	the	contributions	of	genetic	and	
environmental	factors	equal	for	different	groups,	

– sex,	race,	ethnicity,	SES,	environmental	exposure,	
etc.?



The	language	of	heterogeneity

• Are	these	differences	due	to	differences	in	the	
magnitude	of	the	effects	(quantitative)?
– Is	the	contribution	of	genetic/environmental	
factors	greater/smaller	in	males	than	in	females?

• Are	the	differences	due	to	differences	in	the	
nature	of	the	effects	(qualitative)?
– Are	there	different	genetic/environmental	factors	
influencing	the	trait	in	males	and	females?



Look	at	the	Correlations!
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Homogeneity	Model
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Homogeneity
• No	heterogeneity

• The	same	proportion	(%)	of	variance	due	to	A,	C,	E	equal	
between	groups

• Total	variance	equal	between	groups
– Vm =		Vf

• Variance	Components	are	equal	between	groups
– Am =	Af
– Cm =	Cf
– Em =	Ef



Scalar	Heterogeneity	Model
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Scalar	Heterogeneity

• Scalar	sex-limitation	(Quantitative)
• The	proportion	(%)	of	variance	due	to	A,	C,	E	
alters	by	a	scalar	(single	value

• total	variance	not	equal	between	groups
– Vm =	k*	Vf
– Am	=	k*	Af
– Cm	=	k*	Cf
– Em	=	k*	Ef

k	is	scalar



Heterogeneity	Model



Non-Scalar	Heterogeneity

• Non-Scalar	sex-limitation,	can	be	estimated	
without	opposite	sex	pairs	
(Quantitative/Qualitative),	but…
– Reduced	power

• The	total	variance	and	proportion	(%)	of	variance	
due	to	A,	C,	E	not	equal	between	groups
– Vm ≠	Vf
– Am	≠ Af
– Cm	≠ Cf
– Em	≠ Ef

Parameters	estimated	separately



Male Male

Male ½	am2	+ cm2	+ em2 ½	am2	+ cm2

Male ½	am2	+ cm2 ½	am2	+ cm2	+ em2







General	Heterogeneity

• Non-Scalar	sex-limitation	with opposite	sex	
pairs	(Quantitative	&	Qualitative)

• The	total	variance	and	proportion	(%)	of	
variance	due	to	A,	C,	E	is	not	equal	between	
groups
– Vm ≠ Vf
– Am	≠ Af
– Cm	≠ Cf
– Em	≠ Ef



What	twin	groups	are	needed	for	each	
Sex	Limitation	Model

Model	Type Data	Requirements

Classical	Twin	Design MZ	&	DZ	Twins (Sex	doesn’t	matter)

Scalar Sex	Limitation	Model	
(Quantitative/Qualitative)

MZm,	MZf,	DZm &	DZf Twins

General	Sex Limitation	Model
(Qualitative	&	Quantitative)

MZm,	MZf,	DZm,	DZf & DZo Twins



Practical

1. Open	oneADE5ca_MB.R
2. Walk	trough	the	first	part	of	the	script
3. Run	it
4. Look	at	you	estimates
5. Run	submodels
6. Be	sure	that	you	know	what	you	are	doing



scriptsOpenMx.shtml



MEAN	DIFFERENCES



Quantitative	Sex-Differences



Quantitative	Sex-Differences



Qualitative	Sex-Differences



Full	models	and	Submodels
ep	 -2LL df AIC dif -2LL dif df p

oneADErq5ca 11 8229.5675	 3643 943.56746

testCov 9 8313.4336 3645 1023.4336 8.3866168e+01 2 6.1474203e-19

oneADEq5ca 10 8248.9231 3644 960.92309 1.9355627e+01 1 1.0849905e-05

oneADE5ca 7 8262.4116 3647 968.41157 3.2844108e+01 4 1.2855588e-06

oneAErq5ca 9 8229.5675 3645 939.56746 -1.3920853e-06 2 1.0000000e+00

oneErq5ca 6 8992.6761 3648 1696.6760 7.6310861e+02	 5 1.1052891e-162

oneAE5ca	 6 8265.9835 3648 969.98354 3.6416078e+01 5 7.8410016e-07

oneE5ca 5 9010.0485 3649 1712.0484 7.8048101e+02 6 2.5384122e-165


