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Misuse of hierarchical linear models
overstates the signiﬁcance of
a reported association between
OXTR and prosociality
Kogan et al. recently reported an association between an intronic
variant in the oxytocin receptor gene, OXTR, and perceived
prosociality (1). The signiﬁcance of this association is described
as P < 0.001, but the reported t statistic corresponds to P = 3.2 ×
10−16. This level of signiﬁcance is striking given the small number
of genotyped individuals (N = 23) compared with other studies
of complex trait genetics (2, 3). We show that this highly signiﬁcant P value is a result of a misapplication of the statistical
technique of hierarchical linear models (HLMs), and that the
P value under an appropriate analysis is much larger: P = 0.027.
HLMs are a form of random effects model appropriate for
data in which variation exists in multiple hierarchical “levels” (4).
For example, academic outcomes of students from several
schools depend both on the variance among schools (level 1
variance), and variance among students within each school (level
2 variance). By using an HLM to jointly estimate these two
sources of variance, one could, for example, test whether
socioeconomic status is correlated with a school’s performance
independent of the variance among its students. Crucially, HLMs
assume that observations are independent, and that no correlation exists beyond the levels used in the model.
Kogan et al. (1) applied an HLM to 2,668 observations comprising the perceived prosociality of 23 genotyped individuals
(“targets”), each measured by 116 observers. Level 1 of the HLM
represented the variance between observers, and level 2 represented the variance across targets for each observer. While
controlling for differences between observers, the model treats
every observation as otherwise independent, failing to take into
account the correlation that results from observing each target
multiple times. It treats the data as if there were 2,668 targets,
rather than 23 targets measured 116 times each.
To demonstrate that this approach can cause frequent falsepositive ﬁndings, we reanalyzed raw data provided to us by
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Kogan et al. (1). We randomly permuted the genotypes of the
23 targets 1,000 times, and applied Kogan et al.’s HLM (1).
The model falsely concluded that there was a correlation between OXTR genotype and prosociality at P < 0.001 in 55%
of these null permutations, and in 10% of permutations, it
reported a t statistic larger than that reported by the authors
(t = 8.22) (1). A mixed-effects model that correctly accounts for
correlation resulting from both observers and targets [using
the R package lme4 (5)] yields a one-sided P value of 0.103.
However, like the HLM, this model is probably more complicated than necessary, and a simple Spearman rank correlation
test between the OXTR genotype and mean observed prosociality shows a nominally signiﬁcant association (ρ = 0.46, twosided P = 0.027).
Our reanalysis illustrates two important points. First, studies
of complex trait genetics require very large sample sizes to be
well powered, and a study reporting a highly signiﬁcant association from such a small sample size should elicit skepticism.
Second, unnecessarily complex statistical methods can obscure
rather than reveal the truth. The simplest analysis is sometimes
the best.
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