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Abstract

Scientific literature has seen a resurgence of interest in genetic influences on socioeconomic
outcomes. Such investigations are often limited by confounding between signals of genetic and
non-genetic influences. An illustrative example is Clark (2023), which considers the similarity in
socioeconomic status between relatives, drawing on genealogical records spanning four
centuries in England. Based on the fit of a quantitative genetics model, it suggests that social
status is largely determined by one’s DNA; and that, for that reason, contemporary English people
‘remain correlated in outcomes with their lineage relatives in exactly the same way as in
preindustrial England.” These conclusions are based on a conflation of genetic and non-genetic
transmission (e.g., of wealth) within families. We demonstrate that additional errors and statistical
artifacts influenced inferences in Clark (2023). In reality, Clark (2023) provides no information
about the relative contribution of genetic and non-genetic factors to social status. We discuss how
lessons learned from the failure to account for confounding generalize to contemporary studies

that claim to establish genetic underpinnings to social outcomes.
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Introduction

People vary remarkably in behavior and social outcomes, and this variation sparks curiosity about
its causes. Scholars have debated the extent to which this variation among individuals arises due
to underlying genetic variation for the past ~150 years. Variation in socioeconomic outcomes (e.g.,
educational attainment, wealth, occupation) has been a particularly intense focus of this debate.

Teasing apart genetic and non-genetic contributions to social outcomes is notoriously fraught.
Galton (1) found strong resemblance of offspring to parents in measures of social status and from
this inferred that genetics must be the primary driver, a school of thought described broadly as
“hereditarianism” (see 2). As is now well-appreciated, Galton’s inference ignored the fact that
relatives share not only genes, but also wealth, place of residence, knowledge, religion, culture,
and more. For many of these non-genetic factors, transmission within families can parallel genetic
transmission (Fig. 1) (3—20). When those attributes that are non-genetically transmitted contribute
to variation among people, their relative contribution is indiscernible from that of genetics. A long
history of scholarship has highlighted this confounding and how it impedes inference of the causes

of phenotypic variation, especially when genetic data are unavailable (21-28).

Nevertheless, there has in fact been a resurgence in hereditarian arguments, as the advent of
Genome-Wide Association Studies (GWAS) brought about new opportunities to attribute
socioeconomic variation to genetic variation (29). The failure to reckon with confounding may also
be amplified by trends in publishing culture that increasingly incentivize sensationalization,

citability, and media engagement.

To provide an illustration of this line of work and its limitations, we focus on a recent publication
(30) as a case study. We identify the failure to account for confounding and two other core flaws
in this study. We then discuss the general relevance of these flaws to studies linking genetic

variation to socioeconomic outcomes.
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Figure 1. Non-genetic transmission can parallel genetic transmission, and their respective
effects are confounded in observational data. Clark (2023b) uses a model where a trait value
is the sum of an inherited component from parents and random noise. Under this model, the
expected resemblance between relatives depends on transmissibility (t?, the portion of trait
variation attributable to the transmitted component) and a rate of decay across generations (the
“persistence rate,” b, which will increase as assortative mating increases). Ignoring the
confounding of genetic and non-genetic transmission in the data, Clark (2023b) misassigns alll
transmission as genetic heritability and all assortative mating to be on a latent “social genotype”.

Case study: Clark (2023)

(30) analyzed familial correlations in a dataset of socioeconomic measures (e.g., occupational
status, house value, literacy) from a selection of English relatives spanning the 18th to 21st
centuries. From analyses fitting these observed correlations to a quantitative genetic model of
trait inheritance [(31, 32); Supplementary Note 1], (30) infers that social status persists
intergenerationally because parents mate assortatively on a status-determining genotype (or

“social genotype” as used by the author in previous work (33)). (30) then argues that because
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mates share the genes underlying social status to such a high degree, the persistence of social
status within families—and persistence of differences in status among families—have been
largely unaffected by changes in social policy in the last four centuries. In a recent commentary
about this work (34), the author presents the results of (30) as providing strong support for a
hereditarian interpretation. In doing so, he appeals to the metaphor of a "genetic lottery"
underlying social outcomes, a conceptualization increasingly in vogue in social and behavioral

genetics (35) [critiqgued in (36—39)], in order to argue that social status is determined by genetics.

Here, we discuss three core flaws regarding these claims (see our discussion of other
misinterpretations, errors, and incongruencies in (30) in Supplementary Notes 2-7; Tables S1-
S3; Figs. S1-S13). First, and most importantly, we explain that (30) fails to confront the
confounding of genetic and non-genetic transmission (Fig. 1). We show an example of strong
confounding between these two modes of inheritance in the data (Fig. 2). Second, we show that
the estimated decay in correlations across genealogical relationships is partly explained by
statistical artifacts (Fig. 3). Third, we demonstrate that familial correlations varied substantially
over the time period examined, generally decreasing (Fig. 4). This finding stands in contrast to
the paper’s inference that familial correlations have been stagnant since the 17th century, and
subsequent claim that there has been no change in social mobility. In summary, the data and

analyses in (30) do not establish the contribution of genetics to social status.

Confounding between genetic and non-genetic transmission. Inferences in (30) are based
on a linear regression model derived from quantitative-genetic theory developed by R.A. Fisher
(31, 32) (Supplementary Note 1) and the model
P=G+E Eg. 1

where an individual’s phenotype, P, is the sum of separable genotypic (G) and environmental (E)
influences on it. Since genotypes are transmitted in families, genetic parameters can be inferred
from correlations between relatives, as long as environmental influences can validly be assumed
independent and random with respect to genotypes (by, for example, experimentally randomizing
genotypes over environments). Fisher (1918) formally showed that under this model, the
correlation in a trait between relatives is expected to be the product of the trait's heritability (h?)
times a compound parameter b that depends on the genealogical relationship between the
relatives and the extent of assortative mating. (h? is the fraction of phenotypic variance due to

additive genetic variance, nowadays referred to as “narrow-sense” heritability).
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Crucially, to interpret the model parameters h? and b as genetic, Fisher's model makes the
assumption that the phenotypic resemblance between relatives is purely due to a genetically
heritable component. In particular, it assumes there are no non-genetic (material, environmental,
or cultural) influences on a trait that are systematically shared or transmitted between relatives.
In the application by (30), for example, it is assumed that similarity in house value (one of the
measures of social status analyzed) is strictly due to shared genes, and does not arise from
similarity in parental wealth between those relatives, or from the inheritance of wealth or property,

or from having learned from one’s relatives how to invest.

In reality, however, non-genetic transmission is ubiquitous for social and behavioral traits.
Mechanisms of non-genetic transmission include “ecological inheritance,” i.e., the trait value of
an offspring is directly influenced by the environmental conditions created by their parents (e.g.,
familial wealth influencing educational opportunities) (8, 40), and the diffusion of information
directly to one’s relatives (e.g., literate parents teaching their children how to read) (5). When
genotypes cannot be randomized over environments, true genetic effects are inseparable from
other factors underlying phenotypic resemblance between relatives. In this regard, it is informative
to consider the logic of genome-wide association studies (GWAS) which detect associations
between traits and genetic variants (41, 42). The gold standard method to adjust for confounding
in GWAS involves regressing out phenotypic resemblance that tracks genomewide genetic
relatedness (14, 17, 43). In contrast, (30) assumes a priori that this signal of phenotypic similarity
correlating with relatedness—well known by geneticists to be perfectly confounded—reflects only

genetic effects.

In point of fact, there are signals of strong confounding between genetic and non-genetic
contributions to familial resemblance in the data used in (30). The paper acknowledges the
inheritance of material wealth from one’s parents as an obvious example of non-genetic
transmission—but only in treating wealth itself as the focal status measure. For other measures
studied, the effect of familial wealth on social status writ large is ignored. Familial wealth can
influence a wide range of conditions that affect offspring (e.g., healthcare, place of residence,
access to tutors, social circles, etc.) (44-48). Thus, we were not surprised to discover that all
seven status measures analyzed in (30) are substantially correlated with an individual’'s father’s
wealth (Pearson r ranging from 0.19 - 0.66; meanr=0.36; all P < 2 x 1071%; Table S2; Fig. 2a).
Closer relatives tend to have more similar paternal wealth, and the similarity in paternal wealth

between relatives predicts their similarity in occupational status extremely well (Pearson r = 0.91;
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Example of confounding in data from Clark (2023)
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Figure 2. Confounding between sharing of genes and sharing of familial wealth in data
from (30). (a) An individual’s occupational status is strongly correlated with their father's wealth.
This relationship suggests at least one potential source of confounding between genetic and non-
genetic transmission. (b) Correlations between relatives in occupational status are highly
correlated with those relatives’ correlation in paternal wealth. Plots show data for individuals born
1780-1859 for which paternal wealth data was available. N = 2,886 individuals in panel (a) and N
= 13,030 pairs in panel (b). ((30) estimated wealth from probate records. The log of estimated
wealth was mean-centered with respect to 5-year bin means. Individuals not probated due to
insufficient wealth were assigned a value of half the minimum probate requirement for the time
period.)

Fig. 2b). These analyses demonstrate the confounding in these data between transmission of

genes and the effects of parental wealth on familial similarity in social status.

Numerous other non-genetic factors, apart from wealth, may contribute to familial correlations
(49, 50). This confounding prevents genetic and non-genetic sources of familial resemblance from

being disentangled. (30) presents two post hoc analyses as an attempt to rule out non-genetic
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contributors to familial resemblance in status. In Supplementary Note 4, we detail why these
analyses are actually uninformative as to the strength of non-genetic effects on resemblance in

social status between relatives.

The confounding of genetic and non-genetic transmission in these data means that the
interpretation of the model parameters offered in (30) as pointing to identifiable genetic
contributions is misleading (Supplementary Note 1). In the presence of such confounding, the
interpretation of G and E in Eq. 1 as heritable genetic and random non-genetic effects on a
phenotype, respectively, no longer holds. Instead, they can at best be interpreted as a
transmissible component and a random, non-transmissible component. Consequently, the
parameter interpreted in (30) as narrow-sense heritability, h?, is in fact an estimate of the “total
transmissibility” of a trait, t2, the proportion of variance attributable to an unknown compound of
transmissible effects including genes, culture, wealth, environment, etc. (10, 12). The second key
parameter, m, which (30) interprets as the "spousal correlation in the underlying genetics,” does
not represent a genetic correlation between mates. It is instead the spousal correlation in the

transmissible component of the trait. m is derived from the “intergenerational persistence rate,”
b= HTm estimated from the regression model. The expected correlation for a given kinship pair

is equal to t2b™, where n denotes genealogical distance (Fig. 1). [Note that the parameterization
of b for father-son and grandparent-grandchild relationships also depends on the degree of
assortative mating with respect to the focal trait itself; see Supplementary Note 1]. This conflation
of genetic and non-genetic transmission helps explain why the model parameters in (30) that are
claimed to represent quantitative genetic parameters, h? and m, are much higher than estimates
of these parameters in other studies that attempt to account for confounding (e.g., 19, 51;

Supplementary Note 1, 52).

Statistical artifacts distorted estimates of familial correlations. In our reanalysis of (30)’s
data, we found major statistical artifacts that influenced the main conclusions of the study. As one
example, the analysis treats all pairs of relatives as independent observations. However, in (30)’s
correlation analyses, many individuals are represented in multiple data points contributing to the
estimate of a given correlation coefficient (Fig. S7; Supplementary Note 6). For example, the
(1780-1859) occupational status correlation for fourth cousins is calculated from 17,382 pairs,
derived from only 1,878 unique individuals from just 31 surname lineages. This is commonly

known as pseudoreplication, with a known effect of driving underestimates of statistical
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uncertainty (53). Here, however, the pseudoreplication is non-uniform: as genealogical distance
increases, individuals are increasingly re-counted in more relative pairs, but these individuals are
from a diminishingly smaller selection of lineages (Fig. S7, Fig. S8; Fig. S9; Supplementary
Note 6). We note that individuals comprising more distant relationship types are also wealthier
and have higher status (Fig. S9; Fig. S10; Supplementary Note 6). This trend may be partially
due to sampling biases or temporal change in the population distribution of occupational status
that are unaccounted for (Fig. S10). Because of the non-uniform pseudoreplication, the point
estimates of familial correlations in (30) may even be biased. Indeed, when we avoided
pseudoreplication by randomly sampling pairs of relatives (one pair from each surname lineage),
point estimates of sample correlations do not even decrease monotonically with genealogical
distance; in addition, their noisiness prevents making confident assertions about the persistence
of these correlations with genealogical distance (Fig. 3; Supplementary Note 6). Together, the
core flaws of model misspecification and statistical artifacts call into question inferences drawn in

(30) based on familial correlations in status.

A reappraisal of the 'persistence rate' as a measure of social mobility in Clark (2023). Claims
about the insensitivity of familial correlations to social interventions in (30) rest on the paper’'s
finding that the parameter b (“the persistence rate of the correlation as we move one step down
the family tree, or one step across between full siblings”) is similar across status measures and
across time. For example, if the correlation in occupational status between first cousins is 0.8 that
of uncles and nephews, which is 0.8 that of full siblings and so on, then b = 0.8 (Fig. 1; also see
Table 2 in (30)). As discussed in Supplementary Note 1 and above, in (30)’s implementation of
(31)’s generative model, b is a deterministic function of the assortative mating parameter m, the

correlation between spouses in the transmitted component of the trait.

(30) argues that b has been stable across time, status measures, and families—and that this
stability is due to strong assortative mating on a genetic factor for “social ability”, estimated as a
genetic correlation of m = 0.57 between mates. However, once one acknowledges that both
genetic and non-genetic factors are transmitted within families (Supplementary Note 1; Figs. 1,
2), it follows that m tells us nothing about genetic versus non-genetic contributions to assortment,

and b tells us nothing about the cause of within-family persistence of social status.
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Figure 3. Pseudoreplication distorted estimates of familial correlations. Familial correlations
(95% CI) in occupational status (1780-1859) using the approach employed by (30) (in gold)
involved pervasive, non-uniform pseudoreplication. In contrast, in teal we show conservative
estimates using only a single relative pair per surname [means and 95% CI over 1000 bootstrap
samples are plotted for each familial correlation], which are therefore not susceptible to
pseudoreplication. Distant cousins show dramatically higher correlations after adjusting for
pseudoreplication.

Regardless of the cause, (30) claims to present evidence that

“The vast social changes in England since the Industrial Revolution, including mass public

schooling, have not increased, in any way, underlying rates of social mobility”.

If supported by the data, this would be a striking finding. This claim rests on the observation that
b is similar between two time periods for two status measures. However, between the two time
periods analyzed, 16/22 familial correlations decrease (on average, decreasing 31%) [(30) Table
2]. How could the estimate of b lead to such contrasting conclusions? (30) offers neither
justification for b as a measure that bears on social mobility, nor explanation for ignoring
established measures of mobility and discrepancy with other literature (e.g., 54). In the data

analyzed by (30), parent-child correlations (a common measure of social mobility) in occupational
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status, higher education, and literacy generally decrease over time (Fig 4; Supplementary Note
7).

Some readers have already taken arguments in (30) as compelling evidence that social status is
largely caused by genetic factors (55-57). Yet the assumptions and interpretations in (30) ignore
a century of quantitative-genetic theory, previous empirical evidence for confounding, and the
fallacies that arise when confounding is ignored (13, 17, 21, 22, 26, 37, 38, 58-62), as well as
patterns in the paper’'s own data that conflict with the interpretations presented. (30) does not
merely overstate the findings—the model parameters are misconstrued and the pervasive

confounding of genetic and non-genetic transmission in these data is not interrogated.

Relevance to contemporary genomic studies

Many of the claims made in Clark (30) seem to rely on an implicit assumption that transmission
in families is solely genetic. The analysis, based only on observational phenotypic data, is similar
in spirit to ones that could have been carried out by Francis Galton a century and a half ago. Are
the inferential flaws described above relevant to contemporary studies that use large genomic
datasets and employ state-of-the-art statistical methods to adjust for confounding? We posit that
these concerns are still broadly relevant, because confounding is still poorly understood and often

underplayed in the literature.

Residual confounding in genomic studies remains poorly understood. Human geneticists
have long appreciated that there are myriad ways by which a genetic variant may be associated
with a trait or outcome (26, 63, 64). Accordingly, in analyzing data (e.g. in GWAS), they strive to
adjust for confounding with various methods. However, residual confounding (i.e. confounding
that persists even after application of these statistical methods) may still bias estimates. In 2019,
we and other researchers discovered that genetic effect estimates in the largest GWASs for
height—the most extensively studied polygenic human trait—were biased due to residual
confounding. It became clear that the bias for each individual genetic variant was slight, but it was
systematic across variants. Consequently, when researchers summed over signals from many
genetic variants, they also summed over systematic biases. This led to erroneous conclusions in
numerous studies (as detailed in 17, 60, 61). Further research has demonstrated that residual
confounding may affect many GWASSs, in particular for social outcomes and traits that are
mediated by social context (26, 62, 64—67).
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Figure 4. Signals of change in social mobility in

Signals of change in sacial mobility data from Clark (2023). Parent-offspring

in data from Clark (2023)

() correlations in multiple status measures generally
c 08 _ decrease over the measured time period in (30)’s
£ . Occupational status data, in contrast to claims of stagnant social mobility
g made in the original paper. (a) Occupational status
EDG 1780-1919; (b) higher education 1780-1919; (c)
? 05 literacy 1760-1879. To mitigate pseudoreplication,
% we calculated correlations using one pair from each
w04 surname. Shown are average correlations (95% CI)
across 500 bootstrap iterations of correlation
1.01(b) estimation. Fig. S13 shows two complementary
Sos Higher education  analyses estimating correlations either without
% accounting for pseudoreplication, or using
g°° percentile ranks—both result in similar trends.
Q
% 0.2
- 0o Confounding in genomic studies is downplayed.

& @ @ E S Human  geneticists  acknowledge  residual

confounding as an unsolved problem. But in

(©) practice, researchers face incentives to include
c
206 genetic associations that are vulnerable to
° Literac - : - :
8 04 y confounding in their analyses. Consider, for
- . . - . “ ” H
£, example, variation in polygenic (or “complex”) traits,
‘g including virtually all behavioral traits, in which
© 0.0 . I . ..
o genetic contributions to trait variation are largely
& @ ¢ F coming from numerous genetic variants with small
& & & > o &
iy < 2 N N N

Offspring birth year individual effects. Researchers often wish to

leverage weaker and weaker genetic associations
to capture these highly polygenic signals. At the same time, confounding tends to be more severe
the more weakly associated variants are considered (62, 68). Thus, in the pursuit of
understanding polygenic effects, researchers may face a tradeoff between explaining a smaller
part of the phenomenon under study in a causally rigorous way, versus explaining a seemingly

larger part at the price of unknown biases introduced by confounding.
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An example of this tradeoff lies in genetic trait prediction with so-called “polygenic scores” (69).
Predictors based on more variants, including weakly-associated ones, often achieve higher
prediction accuracy (62, 70). When predictive performance is prioritized, such predictors may be
preferred by researchers, despite their higher susceptibility to confounding. Subsequent
“‘consumers” like clinicians, researchers, policymakers, and the general public may then assume
these polygenic scores capture strictly direct genetic effects, with the possibility of confounding

rarely acknowledged.

Confounding is often assumed to be completely remedied by current methods, despite consistent
evidence to the contrary (60-62, 64, 65, 67, 68, 71-73). Sometimes, methods to estimate genetic
parameters grow in popularity even after they are shown to be susceptible to confounding, with

this susceptibility rarely mentioned as a caveat (see, e.g., discussions in 60, 66, 67, 71, 74, 75).

In other cases, potential confounding is downplayed or obscured. As one example, consider the
reporting of evidence for genetic effects from standard GWASs versus family studies. Family
studies identify genotype-trait associations within, instead of among, families. This approach
mitigates many sources of confounding (62, 64, 76). Family studies have yielded estimates of
substantially weaker genetic effects on behavior or social outcomes (51, 62, 65, 67, 77-80).
Reporting practices have in some cases obscured this point by asserting that there is a true
genetic effect based on evidence from family studies, and emphasizing the magnitude of effects
as estimated in a standard GWAS (37). Such reporting choices mislead by presenting signals

susceptible to confounding as measures of genetic causality.

Demanding the highest standards of rigor for claims about genetics of social outcomes.
Clark (30) uses a mechanistic model that is invalid for the data. It does not account for pervasive,
uneven pseudoreplication. It suggests a new metric (of social mobility), neither justifying the
validity of the new metric nor discussing the large discrepancy between the resulting findings and
those based on other well-established metrics. These three core flaws can arise in any scientific
field. But the study of the genetics underlying social outcomes, with its fraught history and
heightened potential for misinterpretation and misappropriation, demands the highest standard of
scientific rigor and scholarship. We are concerned that a publishing culture that rewards

sensationalism may instead promote a decline in standards.
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Conclusion. The study of heredity in humans has long been plagued by failures to address the
implications of confounding between genetic and non-genetic sources of variation. Even today,
when the inherent limitations of observational data are well appreciated, some studies continue
to ignore, downplay, or even leverage such confounding in advancing claims about an outsized
role for genetics. The failure to reckon with confounding encumbers scientific progress and can

fuel the misappropriation of genetics research.
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