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TYPES OF HETEROGENEITY

Terminology depends on research question
Moderation, confounding, GxE

Measured or Manifest moderator /confounder

Binary, Ordinal & Continuous traits

Unmeasured or latent moderator /confounder
Moderation and GxE



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)?

e.g. Is the contribution of genetic/environmental factors
greater/smaller in males than in females?

Are the differences due to differences in the
source /nature of the effects (qualitative)?

e.g. Are there different genetic/environmental factors
influencing the trait in males and females?



THE LANGUAGE OF HETEROGENEITY

Sex differences = Sex limitation 1861
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: Frou hereditary discases of the organ of vision, the transition is easy to those affecting
Desteur en mbdecine, Chevalier de la Léglon-d'Hoonear, Médocin de I'Miapial the organ of hearing, for there are some defects which these orzans seem, as it were,
dela Pitid, Agrigéa la Facold ds Midecios de Paris, Professour do to share in common. This connexion has been already referred to by some writers,
Chiaiqus e de Pabologis interne, Membre de T'Académic amongst whom Mr, White Cooper®* states that imperfection of the two senses (of sight
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of colour-blindness, that “ the whole family, of which the chart has been exhibited, is
probably no less generally characterized by a defective mmusical ear than an imperfect
appreciation of colours. Several of the individnals comprised in it are utterly ineapable
of distinguishing one tune from another.”t

* Cyclopedia of Anatomy and Physiology, art. “ Vision,” p. 1433,
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THE LANGUAGE OF HETEROGENEITY

Quantitative

differences in the
magnitude of the effects

Models

Scalar
Non-scalar with /without

OS twins

Qualitative

differences in the
source /nature of the
effects

Models
Non-scalar with OS
twins
General Non-scalar



THE LANGUAGE OF HETEROGENEITY

Scalar limitation (Quantitative)

% of variance due to A,C,E are the same between
groups

The total variance is not ie:

— L%
Valrcomale — k*var Mal

VA

Female = k*VAMGIe
VCFemcIe = k*VCMaIe
VE. .= k*VE,,

Fomale k here is the scalar
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[ No Heterogeneity ]
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SVA11, VA1

VeIl yoqq k*VCH1

VE11 k*VE11

Scalar Sex-limitation
aka scalar sex-limitation of the
variance




THE LANGUAGE OF HETEROGENEITY

Non-Scalar limitation
Possible Without opposite sex twin pairs (Quantitative)

var Female # var Male

VAFemoIe a VAMoIe
VCFedee a VCMdIe
VEFedee & VEMdIe



THE LANGUAGE OF HETEROGENEITY

Non-Scalar limitation
Without opposite sex twin pairs (Quantitative)

* Male Parameters * Female Parameters
— meansM - meanF
— VA, VC,, and VE,, — VA; VC; and VE;

\ Parameters are /

estimated separately
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Female ACE model

Male ACE model
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THE LANGUAGE OF HETEROGENEITY

NOH-SCCI'CII‘ |imi1'CI1'i0n aka Common-effects sex limitation model
With opposite sex twin pairs (Quantitative)

* Male Parameters * Female Parameters
— means,, <€ - meang
- VA, VC,, and VE,, — VA, VC; and VE;

Parameters are estimated jointly — linked

via the opposite sex correlations

r(VAFemaIe,VAmcle) =.5
r(VCFemale # VCMdIe) =1

r(VEFemaIe a VEMaIe) — O
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Female Twin

SVA11mi

VC11imf

VC11m

VE11m

Male Twin

Non-scalar Sex-limitation

aka common-effects sex limitation




THE LANGUAGE OF HETEROGENEITY

General Non-Scalar limitation
With opposite sex twin pairs (Quantitative /Qualitative)

* Male Parameters * Female Parameters
— means,, < > — Mmean;
— VA, VC, VE.and
B VAM VCM VEM VASpecific

— Extra genetic/
environmental effects

Parameters are estimated jointly — linked
via the opposite sex correlations
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Va1
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Female Twin = ; 1 2

Male Twin

General Non-scalar Sex-limitation
aka general sex limitation




THE LANGUAGE OF HETEROGENEITY

General Non-Scalar limitation via rg
With opposite sex twin pairs (Quantitative /Qualitative)

* Male Parameters * Female Parameters
— means,, <€ - meang

Parameters are estimated jointly — linked
via the opposite sex correlations

F(Afemale Amate) = ? (estimated)
r(CFemaIe * CMale) =1
r(EFemaIe * EMcIe ) — O
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General Non-scalar Sex-limitation
aka general sex limitation




SVA1Imf

VA11f

VE11f VE11m

Va1

—
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Female Twin = ; 1 2

Male Twin

General Non-scalar Sex-limitation
aka general sex limitation




