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Greater male variability in daily energy expenditure develops through puberty

Abstract

There is considerably greater variation in metabolic rates between men than between women, in terms of
basal, activity and total (daily) energy expenditure (EE). One possible explanation is that EE is associated
with male sexual characteristics (which are known to vary more than other traits) such as musculature and
athletic capacity. Such traits might be predicted to be most prominent during periods of adolescence and
young adulthood, when sexual behaviour develops and peaks. We tested this hypothesis on a large dataset
by comparing the amount of male variation and female variation in total EE, activity EE and basal EE, at
different life stages, along with several morphological traits: height, fat free mass and fat mass. Total EE,
and to some degree also activity EE, exhibit considerable greater male variation (GMV) in young adults, and
then a decrease in the degree of GMV in progressively older individuals. Arguably, basal EE, and also
morphometrics, do not exhibit this pattern. These findings suggest that single male sexual characteristics
may not exhibit peak GMV in young adulthood, however total and perhaps also activity EE, associated with
many morphological and physiological traits combined, do exhibit GMV most prominently during the
reproductive life stages.
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Introduction

Individuals of a sexually reproducing species vary in terms of nearly every measurable characteristic,
morphological, physiological and cognitive. In mammals, often the magnitude of this inter-individual
variability, at least in terms of body morphometrics and, in humans, also cognition, has been reported as
greater between males than between females [1,2]. This phenomenon is termed ‘greater male variability’
(GMV) [3]. For example, it has been reported that human males are more varied in their physical
performance than are human females [4,5], and male chimpanzees have more varied brain structures than
do female chimpanzees [6]. Given that the metabolism of an animal is arguably an emergent property
influenced by the culmination of GMV in various bodily traits, in a previous study we postulated that GMV
in energy expenditure could be particularly large [7]. Supporting this suggestion, we found that in adult
humans, energy expenditure exhibits considerable GMV in terms of basal energy expenditure (BEE) and
total (daily) expenditures (TEE), even after controlling for key morphological traits such as height, fat free
mass and fat mass [7]. We also discovered that with ageing, variation between people in their TEE
decreases, but this happens more rapidly in men than in women which results in the magnitude of GMV in
TEE attenuating in older age groups [7]. One possible explanation for GMV is that males experiencing
stronger sexual selection results in the expression of male sexual traits with greater variance than that of
female sexual traits [8]. Energy expenditure is related to various traits of sexual interest to females such as
cognitive capacity [9], physical endeavour, strength and muscle mass [10], and perhaps also aerobic fitness
[11]. Variability in male sexual characteristics could be most prominent during the period of life associated
with sexual reproduction (i.e. late adolescence and young adulthood), explaining the aforementioned
decrease in GMV in energy expenditure in older people. If indeed GMV in energy expenditure is
underpinned by sexual selection, we predict there will be no GMV in humans prior to sexual maturity, and
that GMV will peak during young adulthood due to an increase in male variation, which will then decrease
more rapidly than female variation into old age. We tested this hypothesis by analysing extensive data on
human energy expenditure for individuals of ages spanning the entire human life course.

Methods

We analysed data from the International Atomic Energy Agency (IAEA) DLW database v.3.7 [12]. The
dataset comprised TEE measurements (MJ d-1 ) for 4992 females and 2626 males, and BEE measurements
(MJ d-1) using indirect calorimetry for 1542 females and 934 males. Estimates of activity energy
expenditure (AEE) were calculated by subtracting BEE from 0.9*TEE (TEE adjusted to account for the
thermic effect to food). Ages of the participants ranged from newborns to 101 years old. We also

included in our analyses the following traits: height (cm), fatfree mass (kg), fat mass (kg) and body weight
(kg). Further details are provided in Halsey et al. [7].

Statistical analyses

All analyses were conducted in R v. 3.5.3 [13]. We quantified variance in male and female energy
expenditure using Bayesian general linear models based on Monte-Carlo Markov chain (MCMC) models
using the ‘MCMCglmm’ package [14]. Each model included one trait as the response variable (TEE, AEE or
BEE) and sex as an independent variable along with age as a categorical variable, and height, fat-free mass
and fat mass as continuous variables, with no intercept fitted so that the model returned separate mean
estimates for males and females within each age category [15]. Age was recoded as a categorical variable
with eight levels for the TEE model, and six levels for the AEE and BEE models (due to a smaller overall BEE
sample size, although sample size per age category was still smaller). Using the ‘idh’

function, we allowed the residual variance to be different in males and females within each age category.
Further models included height, fat-free mass or fat mass as the response variable (with only sex and age
as independent variables). All models also included country as a random effect to account for the unequal
sampling distribution across countries. When included as covariates, the three morphometric variables
were centred so that model estimates were estimated at the centre of the distribution of the covariates
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[15]. To make sure that any sex differences in variance were not due to mean differences, we also
standardized the variance within each sex and age category by dividing variances with the sex-specific mean
estimates to obtain the coefficient of variance (CoV). From each model, we calculated the posterior

mode and 95% highest posterior density credible intervals (Cls) for the CoV estimates for each age group
in males and females. Treating these as 95% confidence intervals, in cases where the Cls for the relative
variances of the two sexes do not overlap, the evidence of a difference in variance between the sexes is
strong [16]. Finally, we calculated the male : female ratio of CoV whereby a value greater than 1 indicated
GMV.

Results

Visual interpretation of graphs of energy expenditure and morphology against age category (figure 1), using
the 95% Cls for guidance, indicates that TEE and AEE exhibit increases in male variance from early childhood
into young adulthood followed by decreases with further ageing. In TEE, this generates the development
of GMV into young adulthood and a decrease in the elderly, while in AEE a pattern of increase and then
decrease is apparent but less clear. A pattern in the data for BEE is not apparent although GMV does peak
in early adulthood. Average height shows no pattern of GMV developing into young adulthood and then
fading. Fat free mass also shows no such pattern. Fat mass does exhibit an increase in male variance
followed by a decrease, which results in a similar pattern in GMV, however peak GMV occurs well before
adulthood.

Discussion

In young children, there is little difference between boys and girls in terms of between-person variance in
TEE (figure 1). However, by late adolescence (15-19 years) males are exhibiting greater variation and in
turn GMV. This GMV increases in magnitude into young adulthood and beyond, and then somewhat
decreases by old age due to decreasing inter-male variation. This pattern through the life course bears
hallmarks of a sexually selected signal, or at least a trait that is an emergent property of characteristics
some or all of which are sexually selected. The qualitative pattern of increasing then decreasing inter-male
variation is also apparent although less strong in AEE, and increasing then decreasing GMV is also apparent.
Albeit the sample size was lower and inter-study measurement variation probably higher, the above
findings together tentatively suggest that changes in AEE variance over the life course might somewhat
drive the TEE variance patterns. Patterns for BEE are less clear and might be due to, again, a lower sample
size than for TEE and with greater measurement variation between studies. More data are required. Given
that body morphology is considered to harbour sexual traits, we might predict that at least some
morphological measures would exhibit a pattern of GMV similar to that seen in TEE, however this was not
the case. While fat mass exhibits an increase then decrease in inter-male variation over the life course, the
start of peak GMV occurs before adolescence rather than during the age of peak reproduction. Average
height and fat free mass both show a spike in inter-male variation, and in turn substantive GMV, for a short
period in early adolescence, an observation also apparent in data for Dutch children [17]. However, this is
likely generated by the variability in both magnitude and degree of growth spurt in boys at this age. About
two-thirds of the dataset are for citizens of the USA, a country that has particularly high rates of obesity
(https://www.oecd.org/health/health-data.htm). Nonetheless, qualitatively the patterns in male variation,
female variation and GMV through the life course are generally similar to those present in the full dataset
when the USA data are removed (electronic supplementary material, figure S1 and table S2).

In conclusion, inter-individual variance over the life course for height and fat free mass do not exhibit the
hypothesized patterns given that they are two morphometric variables considered to be male sexual
characteristics (albeit height is a relatively fixed variable come adulthood). Fat mass is the morphometric
variable that is closest to exhibiting the hypothesized patterns, despite being considered more of a female
sexual characteristic. TEE and to some extent AEE present with GMV developing and peaking in young
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adulthood and subsequently declining, perhaps indicating that they are either male sexual characteristics
or related to such characteristics. Perhaps energy expenditure most clearly presents with the hypothesized
patterns of GMV over the life course because it results from the combined effects of many characteristics.
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181 Figure 1. Top row: male (blue triangles) and female (red circles) coefficients of variance (CoV) in measures of energy expenditure and body morphometrics as a
182  function of age category. Error bars represent 95% credible intervals (95% Cl). These data are presented in electronic supplementary material, table S1. Bottom
183 row: the ratio of male to female (M/F) CoV with 95% Cl. The dashed lines represent equal variance; values above indicate greater male variance (GMV). TEE =
184  total energy expenditure; AEE = activity energy expenditure; BEE = basal energy expenditure.
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