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Discordance in Psychology and Genetics

The Core Definition of Discordance

Discordance, in the context of psychological and behavioral genetics research, refers specifically to

the condition where two individuals, particularly genetically similar pairs such as twins, differ with

respect to a specific trait, disease, or behavioral outcome. This concept stands in direct contrast to

concordance, which describes the presence of the same characteristic in both individuals. While

the term can generally apply to any situation involving variance, its most critical application in

psychology is within twin studies, where it serves as a powerful metric for assessing the relative

contributions of genetic endowment versus environmental influence on complex human

characteristics.

The fundamental mechanism that discordance reveals is the importance of non-shared

environmental factors and stochastic (random) events in development, even when genetic material

is identical. When examining pairs of monozygotic twins (often referred to as identical twins), who

share 100% of their segregating genes, the observation of discordance for a given trait--such as

one twin having a disorder while the other does not--immediately indicates that the trait is not

solely determined by genetics. If genetics were the only contributing factor, the concordance rate

would be 100%, and discordance would be nonexistent. Therefore, the frequency and degree of

discordance provide quantitative data necessary for partitioning the total phenotypic variance

observed in a population into genetic and environmental components.

Furthermore, understanding discordance is essential because most psychological traits and mental

illnesses, including depression, anxiety disorders, and personality characteristics, are complex and

polygenic, meaning they are influenced by multiple genes acting in concert with the environment.

High rates of discordance, even among highly related individuals, suggest that the threshold for

expressing a certain genotype is highly sensitive to external or unique internal factors. These

factors might include differential exposure to prenatal conditions, unique life stressors, specific

microbial exposures, or subtle differences in epigenetic modification that occurred after conception.

Analyzing these differences allows researchers to isolate specific environmental mechanisms that

trigger or prevent the manifestation of genetically predisposed conditions.

Historical Roots in Twin Studies

The systematic study of discordance and concordance has its roots in the late 19th century,

following the pioneering work of Sir Francis Galton, who first proposed the utility of comparing

twins to disentangle nature versus nurture. Galton recognized that comparing identical twins

(sharing all genes) to fraternal twins (sharing, on average, 50% of segregating genes, similar to

regular siblings) provided a natural experimental design. However, the formal mathematical
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modeling and sophisticated application of discordance rates truly solidified during the mid-to-late

20th century with the rise of quantitative genetics and behavioral genetics. Researchers sought

rigorous statistical methods to calculate heritability estimates for a wide range of psychological and

behavioral phenotypes, ranging from intelligence quotient (IQ) to risk-taking behavior.

The core historical insight was that if a trait were purely genetic, the rate of concordance for

monozygotic (MZ) twins would be 100%, and the rate for dizygotic twins (DZ) would be

approximately 50%. Any deviation from these expected rates, particularly the presence of

significant discordance among MZ pairs, forced researchers to acknowledge and quantify the role

of non-shared environments. Early studies focusing on severe mental illnesses, such as bipolar

disorder and schizophrenia, consistently found concordance rates for MZ twins that were high

(e.g., 40% to 60%) but critically, never reached 100%. This gap--the discordance rate--became

the mathematical proof that even the most genetically loaded psychological disorders require

environmental interaction or unique developmental processes to manifest fully.

This historical shift moved the field away from simple genetic determinism toward an interactionist

perspective. Key researchers, including those involved in the Minnesota Study of Twins Reared

Apart, meticulously documented cases of discordance to understand how seemingly identical

genetic blueprints could lead to divergent life paths and health outcomes. Their work established

discordance not merely as a statistical anomaly, but as a crucial indicator of developmental

plasticity and the powerful, individualized impact of unique life experiences, thereby fundamentally

shaping the methodology of modern behavioral science.

Mechanisms Underlying Discordance

When discordance is observed in monozygotic twins, the underlying mechanisms must necessarily

operate outside the shared genetic code. These mechanisms are grouped primarily into three

categories: non-shared environment, epigenetic variation, and stochastic developmental noise.

The non-shared environment refers to any unique experience encountered by one twin but not

the other. This can include differences in peer groups, specific traumatic events, dietary variations,

exposure to different pathogens, or even slight variations in parental treatment resulting from

subtle personality differences that emerge early in life. The cumulative effect of these unique

environmental inputs can push one individual across the threshold required for symptom

manifestation, while the co-twin remains asymptomatic.

A second crucial mechanism involves epigenetic variation. While MZ twins share the exact same

DNA sequence, the way those genes are expressed can differ significantly due to epigenetic tags,

such as DNA methylation or histone modification. These epigenetic marks control whether a gene

is turned "on" or "off" and are highly responsive to environmental signals, diet, stress, and aging.

Studies have shown that while MZ twins are epigenetically very similar at birth, their patterns of
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methylation diverge significantly over time, particularly if they live in different environments or

experience different lifestyles. This growing epigenetic discordance provides a tangible molecular

mechanism explaining why one twin might develop a disease like cancer or schizophrenia while

the other remains healthy, despite their shared genotype.

Finally, stochastic developmental noise encompasses random, unpredictable events occurring

at the cellular or molecular level during development. These random fluctuations in cell division,

gene expression, and migration are completely independent of both genes and macroscopic

environment. For example, slight variations in the initial allocation of critical cells or proteins during

early embryogenesis can set one twin on a subtly different developmental trajectory. While

individually small, these microscopic differences can compound over time, leading to significant

phenotypic discordance in adulthood. Research into discordance thus encourages a holistic view

of human development, acknowledging that outcomes are shaped not just by nature and nurture,

but also by sheer chance.

Practical Illustration: Discordance in Schizophrenia

To illustrate the profound implications of discordance, one of the most studied examples involves

severe mental illnesses, particularly schizophrenia. Schizophrenia is known to have a very strong

genetic component, with heritability estimates often exceeding 80%. However, if we examine

monozygotic twin pairs where one twin has received a definitive diagnosis of schizophrenia, the

typical concordance rate hovers around 40% to 50%. This means that in 50% to 60% of these

cases, the co-twin, despite sharing identical genes for predisposition, does not develop the

disorder--they are discordant.

The application of this principle follows a clear, step-by-step process in research. Firstly,

researchers identify and recruit a large cohort of MZ twin pairs. Secondly, they rigorously assess

each individual for the specific disorder using standardized diagnostic criteria, such as the DSM-5.

In a typical discordant pair scenario, Twin A meets all the criteria for schizophrenia (the affected

individual), while Twin B does not (the unaffected co-twin). Thirdly, the investigation shifts to

identifying specific differences between the lives of Twin A and Twin B. Researchers meticulously

compare prenatal exposures, birth complications, exposure to infections, drug use history, severity

of early life stress, and unique environmental factors like specific neighborhood residency or injury

histories.

The "how-to" of interpreting this discordance is crucial: the fact that Twin B remains healthy

provides an invaluable opportunity to study protective factors, while the fact that Twin A became ill

helps isolate risk factors that operate on a shared genetic background. For instance, researchers

might discover that Twin A experienced a severe head injury in childhood or had significantly

greater exposure to urban stressors during adolescence, factors that Twin B avoided. This
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systematic comparison of discordant pairs allows scientists to pinpoint specific environmental

triggers that interact with the genetic vulnerability, thereby illuminating potential avenues for

preventive intervention that would be impossible to identify solely through studies of unrelated

individuals.

The Significance for Heritability Research

The quantification of discordance is arguably the single most important contribution of twin

methodology to the study of heritability. Heritability (h²) is a statistical concept describing the

proportion of the total variation in a trait within a population that is attributable to genetic variation.

If all observed variance were purely genetic, heritability would be 1.0. Discordance ensures that for

any complex human trait, heritability is always less than 1.0, thereby providing the necessary

statistical space for environmental influence. When researchers find significant discordance among

MZ twins, it places an upper limit on how much of the variance can be attributed to genes alone,

forcing the remaining variance to be categorized as unique environmental effects (E) or

measurement error.

The significance extends beyond mere measurement; it profoundly impacts the interpretation of

genetic risk. High discordance rates temper the interpretation of genetic screening results,

reminding clinicians and patients that a genetic predisposition is not a destiny. For conditions like

obesity, intelligence, or addiction, where genetic components are substantial, the existence of

discordant MZ pairs demonstrates the malleability of the phenotype. This realization empowers

intervention strategies that focus on modifying the environment, recognizing that lifestyle changes,

therapeutic interventions, or educational enrichment can override or mitigate substantial underlying

genetic risks.

Without the concept of discordance, behavioral genetics would risk falling into a trap of genetic

essentialism. The rigorous documentation of non-identical outcomes in identical individuals

validates the necessity of the "shared vs. non-shared environment" distinction, which is central to

the classical ACE model (Additive Genetics, Common Environment, Unique Environment).

Discordance primarily informs the magnitude of the Unique Environment (E) component,

emphasizing that personalized, idiosyncratic experiences account for a substantial, and often

majority, portion of the phenotypic variance observed in complex psychological traits.

Applications in Clinical and Behavioral Genetics

The application of discordance research is critical across clinical diagnosis, prognosis, and

treatment planning. Clinically, when an individual presents with a disorder that has a known genetic

component, understanding the established rates of discordance for that condition informs the

probability that their immediate genetically related family members will also develop the trait. For
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instance, knowing the discordance rate for schizophrenia in MZ twins is about 50% helps temper

the anxiety and expectations of the unaffected co-twin, providing a realistic assessment of their

lifetime risk.

In behavioral genetics, studies of discordant pairs are often used as a powerful natural experiment

to identify specific biomarkers or causal mechanisms. By comparing the affected twin to the

unaffected co-twin, researchers can minimize genetic noise and isolate subtle physiological

differences. For example, studies might look for differences in brain structure (e.g., hippocampal

volume), neurotransmitter function, or immunological profiles between the two individuals. Any

reliable difference identified between the discordant twins is highly likely to be directly related to the

environmental factor or epigenetic change that triggered the disorder, rather than being a general

genetic risk marker. This technique has been instrumental in understanding the role of

inflammation and stress pathways in the onset of mood disorders.

Furthermore, public health and education policies benefit from the insights gleaned from

discordance. Recognizing that substantial variance is attributable to non-shared environmental

factors justifies investment in targeted, individualized interventions rather than broad, population-

level strategies based purely on genetic risk. If two children have the same genetic risk for poor

reading ability, but only one struggles, analyzing the discordance points toward remediation

strategies tailored to that child's specific educational environment or cognitive deficits, reinforcing

the idea that outcomes are highly modifiable despite genetic loading.

Comparison with Concordance and Related Concepts

Discordance is intrinsically defined by its opposite, concordance. While concordance measures

the similarity--the presence of the same trait or disorder in both twins--discordance measures the

dissimilarity. Both metrics are essential statistical tools; they are mathematically complementary,

summing to 100% when analyzing binary traits (presence or absence of a disease). The ratio of

concordance in MZ twins versus concordance in DZ twins forms the basis for estimating heritability

(Falconer's formula), but it is the percentage of discordance in the MZ group that provides the

purest measure of the non-genetic influence.

The concept of discordance is also closely related to phenotypic variance and the reaction

range. Phenotypic variance refers to the total observable variability of a trait in a population.

Discordance helps partition this total variance into its constituent parts (genetic, shared

environment, unique environment). The reaction range, a concept proposed by Richard Lewontin

and others, suggests that a genotype does not determine a fixed phenotype, but rather a range of

possible phenotypes, and where an individual lands within that range is determined by their

environment. Discordance among MZ twins powerfully illustrates the reality of the reaction range;

the two individuals start with the same genetic potential but occupy different points within that
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genetically defined range due to unique life experiences.

This entire area of inquiry falls squarely within the subfield of Behavioral Genetics, which uses

quantitative methods to study the interplay of heredity and environment in shaping behavior and

psychological traits. By focusing on discordance, behavioral genetics moves beyond merely

establishing that genes matter, to asking the far more nuanced and practical question of *how*

environmental factors modify genetic expression, thereby revealing the critical pathways through

which psychological resilience or vulnerability is established during development.
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