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MULTIFACTORIAL MODEL

Multifactorial Model

Primary Disciplinary Field(s): Quantitative Genetics, Epidemiology, Psychology
Proponents: Statistical Geneticists (e.g., D.S. Falconer, J.M. Thoday)

1. Core Principles

The Multifactorial Model (or liability/threshold model) is a statistical and conceptual framework
used to explain the inheritance and manifestation of complex traits and disorders that do not follow
simple Mendelian inheritance patterns. The model posits that the expression of a characteristic--

whether a disease like heart failure or a quantitative trait like height--is determined by the
cumulative action of a large humber of genetic loci (polygenic effects) interacting simultaneously
with various non-genetic, or environmental, factors.

A key defining feature of the model is the concept of a single, continuous underlying variable
termed "liability." This liability represents an individual's total predisposition or susceptibility to
developing the trait. It is mathematically assumed that this liability is normally (Gaussian)
distributed across the general population. The individual's position on this continuous liability scale
is determined by the additive sum of their specific genetic risk alleles and environmental
exposures.

Crucially, while the underlying liability is continuous, the trait itself often manifests dichotomously
(i.e., present or absent, as in the case of a disease diagnosis). Manifestation occurs only when an
individual's accumulated liability exceeds a specific statistical point, known as the Threshold
Effect. Therefore, two individuals may have similar underlying liability scores, but only the one who
crosses the predetermined threshold will express the trait phenotypically.

2. Historical Development

The theoretical underpinnings of the Multifactorial Model emerged in the early 20th century from
foundational work in quantitative genetics, particularly the efforts to reconcile the discrete nature of
Mendelian genes with the continuous variation observed in natural populations (e.g., crop yield,
animal weight). Researchers like R.A. Fisher demonstrated mathematically that numerous genes,
each contributing a small, additive effect, could produce a smooth, continuous distribution of a trait.

The specific application of this quantitative framework to human diseases--especially those with
clear familial aggregation but no simple dominant or recessive pattern--was formalized in the
mid-1960s, largely by figures associated with medical genetics. This formalized structure allowed
researchers to move beyond qualitative descriptions of family patterns to quantitative estimations
of disease risk, thereby allowing for the estimation of heritability for complex human conditions for
the first time.
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3. Key Concepts and Components

Liability (L): The underlying, unobservable, continuous variable representing an individual's total
predisposition toward a specific trait or disorder. It is the sum of all genetic and environmental
influences affecting the trait.

Polygenic Inheritance: The genetic component of liability is derived from many different genes
(loci), often hundreds or thousands, scattered across the genome. Each gene contributes a small,
often equivalent, additive effect to the total risk.

Environmental Factors (E): These are all non-genetic influences that contribute to the liability
score. They include shared environmental factors (e.g., family diet, socioeconomic status) and
unique environmental factors (e.g., individual trauma, specific infections).

Threshold (T): A critical, specific point on the liability distribution. If an individual's liability score
meets or exceeds this threshold, the trait or disorder is expressed (phenotypic manifestation). The
threshold concept is essential for modeling the transition from a continuous risk variable to a
dichotomous outcome.

Heritability (h?): The proportion of the total phenotypic variance in a population that is attributable
to genetic variance. The multifactorial model provides the statistical tools, based on population
incidence and familial recurrence risk, necessary to calculate heritability estimates for complex
traits.

4. Applications and Examples

The Multifactorial Model is the standard framework for analyzing the inheritance of the vast
majority of common human diseases, often referred to as complex or non-Mendelian disorders.
These include conditions where both genetic predisposition and lifestyle or environmental factors
play significant roles. Examples range widely across medical specialties, providing crucial insights
into disease risk stratification.

In psychiatric genetics, the model is indispensable for understanding disorders such as
schizophrenia, Type 1 and Type 2 bipolar disorder, and major depressive disorder. For instance, in
schizophrenia, a large number of common risk alleles and rare variants contribute to genetic
liability. This liability interacts with environmental factors like prenatal nutritional deficiencies or
adolescent cannabis use. Only when the combined genetic and environmental load exceeds the
specific population threshold does the individual develop the disease.

Furthermore, the model is applied to physical health conditions like essential hypertension, type 2
diabetes mellitus, and congenital malformations (e.g., cleft lip and palate). In these cases, the
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model explains why a trait often clusters within families (indicating high heritability) but does not
display the predictable inheritance ratios characteristic of single-gene disorders. It allows
researchers and clinicians to predict population risk and familial recurrence rates based on the
incidence of the disorder in the general population and among relatives of affected individuals.

5. Criticisms and Limitations

While highly useful for statistical modeling, the basic Multifactorial Model faces several theoretical
and practical limitations. A primary criticism is that the fundamental assumption of additive genetic
effects is often an oversimplification. Biological reality involves complex interactions, including
epistasis (gene-gene interaction) and intricate gene-environment interactions (GXE), where the
effect of a specific gene variant depends non-linearly on the environment. The basic model
struggles to incorporate these synergistic effects accurately.

Another major limitation is the abstraction of the "liability" variable. Because liability is a theoretical
construct inferred statistically rather than a directly measurable biological entity (like a specific
enzyme level or mutation), the model's parameters rely heavily on the assumption that the
underlying risk distribution is perfectly normal. If the true distribution deviates significantly from the
Gaussian curve, the resulting heritability estimates and risk calculations can be inaccurate,
particularly for traits that are extremely rare or extremely common.

Modern genetic research has moved toward more nuanced approaches, such as structural
equation modeling and variance component analysis, that attempt to relax some of the strict
assumptions of the traditional model. These newer methods seek to better estimate the separate
contributions of additive genetics, non-additive genetics, shared environment, and unique
environment, offering a finer resolution of the etiological landscape of complex traits.

Further Reading
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