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The limits of the additive model for adult height
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Abstract — The classical approach to analysis of polygenic
quantitative traits assumes use of normal approximation and
the additivity of effects. For more than a century, adult height
served as an exemplary trait justifying this type of analysis and
serving as a test case. We demonstrate that the classical
approach to analysis of height has met its limits in contemporary
large populations. In particular, we demonstrate the existence
of weak, but highly significant non-additive interactions of
genetic and environmental factors. In the conventional model,
the better fit to the data that was achieved by accounting for
these interactions came at the expense of the mean-model’s
increased complexity. The complexity of the model could be
reduced if log-normal approximation was used.
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Introduction

Adult height inspired the first biometrical and quantitative
genetic studies [1,2] and is a test case trait for understanding the
genetic component of heritability [3—5]. In statistical textbooks
and in human genetics height serves as an example of a trait that
is shaped by a process whereby the independent contributions of
many genetic and environmental factors are summed up,
resulting in a normal distribution. At the same time, results from
anthropological and socioeconomic studies of distinct
populations suggest that human height may be distributed log-
normally, which could imply that genetic and environmental
factors affecting human height multiply. The aim of this study
was to compare two height distribution approximations: normal
and log-normal, using a large sample size.

Methods

In the first stage we used data on average male and female
height in various populations in the world. Then we analysed
adult height in 369,153 white British participants from the
UK Biobank study [6]. The participants belonged to groups
defined by place of birth and self-reported ethnicity. We
considered sex, genotype, and residual (combining
socioeconomic and study covariates) effects. The genotype
was included in analysis as a polygenic height score, defined
as the weighted prevalence of height-increasing alleles in the
genotype according to study of Wood et al [5]. The three
predictors were strongly associated with height in a linear
model with sex explaining 50.8%, polygenic score explaining
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5.8% and residual predictor explaining 4.5% of height
variance (all p-values < 1071%),

Results

We found that the standard deviation, but not the coefficient
of variation, of mean height in populations increases with mean
height. Also, we revealed that the linear coefficient between
mean female and male height significantly distinguishes from 1,
which is consistent with the multiplicative effect of sex. On
individual-level data, we showed an increase of the effect of sex,
polygenic score and environmental predictor with an increase of
mean group height, the standard deviation in these groups also
increased. Besides this, significant statistical interactions
between sex, polygenic score, and environmental predictor were
revealed in the linear model for height. Similar analyses for the
logarithm of height prediction showed no evidence for any effect
of studied predictors increases with mean height or interactions.

Conclusion

Thus, our analysis suggests that the log-normal
approximation may be a useful alternative to the normal
approximation in analysis of big (hundreds of thousands of
individuals) height data, analysis of heterogeneous
populations, and analysis of the extremes of height.
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