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There is considerable variation in health and reproductive behaviours within and across human populations.
Drawing on principles from Life History Theory, psychosocial acceleration theory predicts that individuals devel-
oping in harsh environments decrease their level of somatic investment and accelerate their reproductive sched-
ule. Although there is consistent empirical support for this general prediction,most studies have focused on a few
isolated life history traits and few have investigated the way in which individuals apply life strategies across re-
productive and somatic domains to produce coordinated behavioural responses to their environment. In our
study, we thus investigate the impact of childhood environmental harshness on both reproductive strategies
and somatic investment by applying structural equationmodeling (SEM) to cross-sectional survey data obtained
in a representative sample of the French population (n = 1015, age: 19–87 years old, both genders). This data
allowed us to demonstrate that (i) inter-individual variation in somatic investment (e.g. effort in looking after
health) and reproductive timing (e.g. age at first birth) can be captured by a latent fast-slow continuum, and
(ii) faster strategies along this continuum are predicted by higher childhood harshness. Overall, our results sup-
port the existence of a fast-slow continuum and highlight the relevance of the life history approach for under-
standing variations in reproductive and health related behaviours.

© 2017 Elsevier Inc. All rights reserved.
Keywords:
Psychosocial acceleration theory
Childhood adversity
Life History Theory
Reproductive strategies
Health strategies
Structural equation modeling
1. Introduction

People engage in numerous behaviours that bear a high cost to the
individual and to society: smoking, poor engagement in health-promot-
ing behaviours, overconsumption of high calory foods, teen-pregnancy,
etc. In OECD countries, for instance, “lifestyle” conditions linked to to-
bacco use, excessive diets and physical inactivity are now responsible
for most years of lost life (Hurst & Sassi, 2008). Adolescent childbearing
has also been amajor concern for policymakers because of the potential
health costs and loss of education and labor opportunities for teenage
mothers (Hoffman, Foster, & Furstenberg, 1993; Miller, 2000). There-
fore, identifying the determinants of health and reproductive decisions
is of vital importance. Here, we argue that behavioural diversity for
health and reproductive decisions should not come as a surprise and
should be construed as the predictable outcome of humans' evolution-
ary make-up.
lable through the Open Science
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Specifically, we investigate the idea that health and reproductive de-
cisions are adjusted during development to the way individuals per-
ceive the harshness of their environment. Harshness here refers to
extrinsic morbidity-mortality, which encompasses all external sources
of death and disability that are largely beyond the individual's control
(Ellis, Figueredo, Brumbach, & Schlomer, 2009). Put simply, the hypoth-
esis is that focusing on one's health or delaying reproduction to invest in
other areas of life might be less beneficial in environments where mor-
tality is high than in environments where mortality is low. The degree
of environmental harshness experienced during childhood may
therefore place individuals on a reproductive and health path that
is calibrated to their ecology. While previous studies have already
highlighted such effects of harshness on reproduction and health
behaviours independently, we go further by integrating variation in
both domains to take into account the coordinated nature of people's
allocation strategies.

Life History Theory (Roff, 2002; Stearns, 1992) provides a general
framework to investigate variation in allocation decisions. It states
that the life history strategy of any organism is the product of the inter-
action between tradeoffs among traits and environmental factors that
affect mortality and fertility rates (Stearns, 2000). Drawing on these
fundamental insights, evolutionary psychologists started to investigate
ess predicts coordinated health and reproductive strategies: A cross-
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how specific adversity events occurring during ontogeny, could be used
by individuals as cues to adjust their strategies (Belsky, Steinberg, &
Draper, 1991; Chisholm et al., 1993). This led to a fruitful body of re-
search often designated by the name “psychosocial acceleration theory”
(Nettle, Frankenhuis, & Rickard, 2012). Specifically, it predicts that indi-
viduals living in harsh environments should exhibit overall “fast” strat-
egies, whereas individuals living in favorable environments are
expected to show overall “slow” strategies (Ellis et al., 2009). The
“fast” end of this fast-slow continuum is generally characterized by a
shortened period of growth associated with an early onset of reproduc-
tion (early sexual maturation and first reproductive event), a higher
number of offspring with a lower investment per offspring, lower
body maintenance and a reduced lifespan; whereas the slow end of
the continuum has the opposite characteristics (Ellis et al., 2009). Ac-
cording to this theory, having a faster strategy in harsh environments
increases an individual's chances to reproduce before dying, whereas a
slow strategy in favorable environments would allow for a longer
growth period, which in turn, would lead to larger future reproductive
benefits. In many species, the level of environmental harshness in
whichmature individuals will reproduce is uncertain. Adaptive mecha-
nisms of phenotypic plasticity might therefore have evolved to orient
individuals' life history strategy based on the level of harshness experi-
enced during the juvenile period. There are two main reasons why life
history strategies should be conditioned on early life harshness. First,
if early harshness is reliably correlated with post-juvenile harshness,
cues of harshness gathered during development should be used as a
‘weather forecast’ to trigger a faster strategy (this is the so-called ‘ex-
ternal-PAR’ hypothesis; see Rickard, Frankenhuis, & Nettle, 2014).
Second, if stressful events in early life cause irreversible damage to
an organism's soma, the individual should also pursue a faster life
history strategy since the probability of early death or disability is in-
creased (this is the so-called internal-PAR hypothesis; see Rickard et
al., 2014). Both pathways are not mutually exclusive and they pre-
dict that childhood adversity events that might serve as cues of
later harshness or that directly impair the individual's somatic state
should lead to faster life history strategies. Various features of an
individual's socioecology have been argued to provide potential
cues of harshness to guide life history decisions (see Ellis et al.,
2009 for an extensive discussion). Socioeconomic status (SES) is
one important dimension since virtually all forms of morbidity and
mortality decrease linearly with SES in western countries (Chen,
Matthews, & Boyce, 2002). Personal knowledge of deaths and expo-
sure to violence should also directly affect individuals' estimates of
environmental harshness. In addition, level of parental investment
might also convey useful information about harshness in the parents'
environment.

Although the theoretical link between harshness and fast strategies
is not straightforward (Baldini, 2015), empirical studies have repeatedly
found associations between proxies of harshness and fast reproductive
strategies. For instance, fertility at the country level is predicted by dis-
ease diversity, which is a strong indicator of extrinsic morbidity and
mortality, even after controlling for various economic, cultural and
sociodemographic factors (Guégan, Thomas, Hochberg, de Meeûs, &
Renaud, 2001). At the individual level, high socioeconomic deprivation
and low parental care during childhood are associated with earlier re-
production (Nettle, 2011), with an earlier onset of puberty (Belsky,
Steinberg, Houts, Friedman, DeHart, Cauffman, Roisman,
Halpern-Felsher, Susman, and NICHD Early Child Care Research
Network, 2007; Belsky, Steinberg, Houts, Halpern-Felsher, and NICHD
Early Child Care Research Network, 2010; Ellis, 2004; Ellis & Essex,
2007; Moffitt, Caspi, Belsky, & Silva, 1992; Tither & Ellis, 2008) and
more sexual partners (Simpson, Griskevicius, Kuo, Sung, & Collins,
2012). Internal features such as lower birthweights, also predict early
reproduction in a longitudinal study of the British population, even
after controlling for other socioecological variables (Nettle, Coall, &
Dickins, 2009). Hence, people coming from harsher backgrounds
Please cite this article as: Mell, H., et al., Childhood environmental harshn
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develop overall faster reproductive strategies that manifest in a coher-
ent manner for various sexual traits.

In parallel to these effects on reproduction, exposure to harsh envi-
ronments also influences resource allocation to body maintenance
(Cabeza de Baca & Ellis, 2017; Del Giudice, 2014a). There is indeed a
well-documented social gradient in preventive health behaviours
(Stringhini, 2010) and part of the disinvestment in health observed in
peoplewith lower SES could be due to initial disparities in life expectan-
cies (Nettle, 2010). Indeed, subjective socioeconomic standing is associ-
ated with reported effort in looking after one's health in a cross-
sectional sample of the American population, and the effect of subjec-
tive socioeconomic position is fully mediated by perceived extrinsic
mortality risks (Pepper & Nettle, 2014). Inter-individual differences in
risky behaviours such as risky sexual behaviours, alcohol or drug use,
which are in part predicted by early exposure to harsh environments
in longitudinal studies of adolescent behaviours (Belsky, Schlomer, &
Ellis, 2012; Belsky, Steinberg, Houts, Halpern-Felsher, and NICHD Early
Child Care Research Network, 2010; Brumbach, Figueredo, & Ellis,
2009; Hartman, Li, Nettle, and Belsky, in press; Simpson et al., 2012),
could also be interpreted as a disinvestment in bodymaintenance in re-
sponse to higher extrinsic mortality risks.

Overall, there is therefore consistent empirical support for the appli-
cation of Life History Theory principles to the study of allocation strate-
gies in human populations. Nevertheless, most studies have focused on
the impact of harshness on a few life history traits restricted to one of
the two allocation domains previously highlighted, i.e. reproductive or
somatic efforts. Yet, based on psychosocial acceleration theory, we actu-
ally expect clusters of correlated traits across these domains, reflecting
functional suites of multiple traits that aim toward short-term returns
in harsh conditions and long-term returns in favorable environments
(Belsky et al., 1991; Figueredo et al., 2006, 2005; Griskevicius, Delton,
Robertson, & Tybur, 2011; Reale et al., 2010). Indeed, if the fast-slow
continuum is a broad axis of variation relevant to human life history
strategies, all else being equal, individuals who adopt fast reproductive
strategies should also exhibit lesser investments in their embodied cap-
ital (Kaplan, Lancaster, & Robson, 2003). To our knowledge, only one
study (Brumbach et al., 2009) explicitly assessed life history strategies
with traits related to both reproductive and somatic investments in a
single sample and showed that exposure to harsh events during adoles-
cence predicted faster strategies across domains in young adulthood. In
the current paper, we further test the existence of coordinated fast-slow
strategies by analyzing data from a cross-sectional survey of a nationally
representative sample of the French population specifically designed to
test the existence of such a fast-slow continuum. We used structural
equation modeling to test the prediction that part of the variation in re-
productive and somatic effort is predicted by individual differences in
exposure to harsh events during childhood. Specifically, we predicted
that: 1) It is possible to identify a latent construct reflecting individuals'
Life History Strategies which influences decisions pertaining to both re-
productive and health choices; 2) Individuals' Life History Strategies fall
along a fast-slow continuum. 3) Childhood environmental harshness
has an influence on Life History Strategies, such that increased harsh-
ness leads to faster behaviours on the fast-slow continuum. In addition,
we also tested whether specific harsh events were better predictors of
individuals' future life history strategy.

Lastly, it should be stated that despite our nationally representative
sample, the cross-sectional design of the study does not allow us to
make causal inferences about the reported relationships and it
constrained us to use retrospective measures of environmental harsh-
ness, which are known to be error prone (Hardt & Rutter, 2004). The
use of retrospective measures also prevents us from disentangling the
effects of more refined dimensions of harshness that are thought to af-
fect life history strategies independently, such as the mean level of ex-
trinsic morbidity-mortality (harshness per se) vs. the variation across
space and time around that mean (Belsky et al., 2012; Ellis et al.,
2009; Frankenhuis, Panchanathan, & Nettle, 2016).
ess predicts coordinated health and reproductive strategies: A cross-
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2. Methods

2.1. Sample and procedure

Our sample consisted of 1015 French males (N = 447) and females
(N=568), aged 19 to 87 years old (mean: 52.5±14.3 sd) and recruited
online by the French polling institute Ipsos. Initially, 11,000 people re-
ceived an electronic invitation from the institute to take part in our on-
line study. Subjects willing to participate first had to answer a
demographic survey which collected information about their gender,
age, location, household composition, marital status, socio-professional
category, occupational status, annual income and educational status.
The quota sampling method was applied to select a fraction of the indi-
viduals based on these demographic variables, in order to obtain a rep-
resentative sample of the French population. The retained subjectswere
then asked to answer a second survey grouping all the items pertaining
to life history traits and environmental harshness during childhood.
Two of our key reproductive variables, namely age at first birth and num-
ber of children, were relevant only for people who had already
reproduced. Therefore, among the 1691 participants who completed
the questionnaire, we restricted our final study sample to individuals
who already had children at the time of the study (N = 1063). We
also calculated each participant's number of absurd answers (e.g. num-
ber of years spent smoking greater than the participant's age) and non-
response. Participants with a total number at least three standard devi-
ations above the sample mean were excluded (N= 48). Our final sam-
ple size was 1015 participants.

2.2. Variables of interest

Participants were asked to answer questions pertaining to their
childhood environment and their adult reproductive and health strate-
gy. We now present a summary of the various areas covered by our
questionnaire (full questionnaire available in Appendix A).

2.2.1. Environmental harshness
The level of environmental harshness experienced during childhood

was assessed with a survey consisting of 24 items, reflecting various as-
pects of childhood environment that previous studies had found to be
associated with one or several life history traits in adulthood
(Griskevicius et al., 2011; McCullough, Pedersen, Schroder, Tabak, &
Carver, 2012; Nettle & Cockerill, 2010; Simpson et al., 2012). The first
seven items captured general features of the family unit during partici-
pants' childhood. Sample items include “Have you ever lived with a
stepfather?” and “Were you ever placed in an institution or in a foster
family?”. A three-item “parental investment” scale was used to assess
participants' perception of the parental care they received during child-
hood, with items such as “My parents always seemed to care about
what I was doing.”. A “parenting style” scale of three items captured
the harshness of parental education, with items such as “Some of the
punishments I received when I was a child now seem too harsh to
me.”. Participantswere also asked if they had been the victim of psycho-
logical, sexual or physical abuse during childhood and whether these
episodes were caused by people in or outside their families. A set of
seven questions concerned the exposure to other particular familial dif-
ficulties (e.g. “Did you live with one or several people who had spent
time in prison?”) and were regrouped into a single index. Participants
were also asked whether they had suffered a long illness requiring a
hospitalization before the age of seven and a “neighborhood stability”
scale collected information about the stability of their growing-up envi-
ronment with two items (“Howmany times did you move?” and “How
many times did you change school?”). Lastly, participants' childhood so-
cioeconomic status (SES) was measured by a scale developed by
Griskevicius and colleagues (Griskevicius et al., 2013) from the follow-
ing three items: “My family usually had enough money for things
when I was growing up.”, “I grew up in a relatively wealthy
Please cite this article as: Mell, H., et al., Childhood environmental harshn
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neighborhood.” and “I felt relatively wealthy compared to the other
kids in my school.”. Cronbach's alphas were superior to 0.8 for all the
scales used in the analysis, suggesting good internal consistencies.

2.2.2. Reproductive strategy
Participants' reproductive strategy was assessed using four items

from the literature (Nettle et al., 2009; Simpson et al., 2012): number
of children (“Howmany childrenhave you had?”); age atfirst birth (cal-
culated from the age of the participant and the reported birth date of
their first child); age at first (consented) sexual intercourse; and num-
ber of short-term sexual partners. For the last two items, participants
could choose not to answer the question by selecting an “I don't want
to answer” response.

2.2.3. Somatic strategy
Participants' somatic strategy was also assessed using four items

previously used in the literature (Pepper & Nettle, 2014): body mass
index (BMI), calculated based on reported height and weight following
the standard formula used in the biomedical field; general health status
(“How is your health in general?”); health effort (“Howmuch effort do
you make to look after your health and ensure your safety these
days?”); and level of cigarette's consumption (“In total, during how
many years did you smoke daily or almost daily?”). The responses for
this last item were divided by the participant's age to allow for more a
meaningful comparison between young adults and older participants.

2.3. Analysis

All statistical analyses were carried out in R 3.0.3 (https://www.r-
project.org/). Since this study aimed to investigate a specific theoretical
model that involved a latent construct, namely “life history strategies”,
structural equation modeling (SEM) was used as our main multivariate
analysis method. Although our variables of interest showed overall low
percentages ofmissing responses (ranging from 0 to 6.5%), multiple im-
putation techniqueswere used to preserve sample size and avoid biased
estimations of model parameters. Twenty complete datasets were gen-
erated by fully conditional specifications for categorical and continuous
data using the r packagemice (Buuren & Groothuis-Oeudshoorn, 2011).
This package allows the use of different imputationmethods depending
on the type of variable with missing entries. Predictive mean matching
wasused for numeric variables, logistic regression imputation for binary
data and proportional oddsmodel for ordered categorical variableswith
more than two levels.

In order to assess the effect of harshness during childhood on life his-
tory strategies later in life, a synthetic harshnessmeasure had to be con-
structed based on the associated survey items. Drawing on the
methodology used by Brumbach et al. (2009), environmental harshness
was modelled as an emergent variable rather than a reflective latent
variable. Indeed, environmental harshness is arguably better conceived
as an emergent variable since harsh events during childhood can be
thought of as risk factors (like particular genetic variants, smoking and
poor diet for cardiovascular diseases) that are not necessarily correlated
with one another, but that all contribute to the cumulative probability of
developing a particular outcome; in our case a faster or slower strategy.
For example, having been exposed to the death of a sibling, hospitalized
for a long illness or lived with a stepfather are three events that we can
theoretically expect to increase the probability of developing a faster
strategy, but that might often occur independently. Furthermore, we
do not expect that all harsh events will have effects of the same magni-
tude on the cumulative risk of developing a particular life history strat-
egy. Instead, some events might be better accounted for in a general
harshness score when they are attributed heavier weights. One simple
method to model this type of emergent variables used by Brumbach et
al. (2009) is to sum individual z-scores for each harshness item. The
use of z-transformed scores confersmoreweight to themost highly dis-
persed items and therefore reflects the implicit assumption that rare
ess predicts coordinated health and reproductive strategies: A cross-
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harsh events should be better predictors of fast strategies. Thus, the ex-
perience of rare events like losing one's mother or having been the vic-
tim of physical abuse will contribute more to an individual's harshness
score than more frequent events, such as having changed school a cou-
ple of times.

Nonetheless, such an assumption might not hold in all cases and it
would be valuable to compute weights of the harshness items based
on their predictive power rather than implicitly through the degree of
dispersion of their distributions. Such an approach can be implemented
in SEMs using unknown weight composites, which capture the collec-
tive effects of a set of causes on a response variable (Grace & Bollen,
2008). In this case, the composite score is computed via a set of weights
that maximize variance explanation in the dependent variable and
hence allows to compare the relative contribution of the hypothesized
causes to the overall predictive power of the composite. Thus, after
Fig. 1. Path diagrams of the structural models fitted showing for clarity only the structure of the
harshness and reflective indicators. Significant paths at the 5% level are represented with a pl
modelled as a latent composite.

Please cite this article as: Mell, H., et al., Childhood environmental harshn
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fitting a SEM following the methodology previously used by Brumbach
and colleagues (Brumbach et al., 2009; Fig. 1A), harshness was also
modelled as an unknown weights composite in a subsequent SEM to
gain these inferential benefits (Fig. 1B).

Whether harshness was computed as a sum of z-scores or as a com-
posite, it was used as a predictor of the latent variable capturing individ-
uals' general life history strategies. This latent construct was modelled
as a unique factor capturing the covariation between all life history indi-
cators (i.e. reproductive and somatic items). Yet, one might expect that
items within each domain will show some additional degree of correla-
tion that will not be captured by the single general factor. For example,
subjects suffering from hereditary diseases would probably tend to de-
clare a poor health state and higher efforts in looking after their health
even though it might not be linked to a faster or slower reproductive
strategy. To deal with this issue we elaborated on the single factor
residual covariances in the measurement model and standardized regression weights for
ain arrow A. Model 1, harshness is modelled as a weighted sum B. Model 2, harshness is

ess predicts coordinated health and reproductive strategies: A cross-
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model by allowing for correlations between residual errors of items
within the same domain (i.e. only between somatic and reproductive
items respectively). This way the model's implied covariance matrix
captures the correlations between items that are not explained by the
latent life history factor but that can still be theoretically expected due
to various unmeasured causes.

The latent variable reflecting individuals' life history strategy was
scaled by fixing its variance to 1 in both SEMs. Composite variables
also need to be scaled for identification purposes by fixing the coeffi-
cient of one of the causal indicator. Therefore, in the second SEM, harsh-
ness was scaled by setting the path from violence in the family to 1. The
latter itemmeasured whether participants had been victim as a child of
physical, sexual or psychological abuse caused by people in their family.
Its significance was assessed through the partially reduced form of the
model, which directly estimates the pathways from the harshness
items to the latent variable without the use of a composite (Grace,
Anderson, Olff, & Scheiner, 2010). Finally, since our study sample covers
a wide age range (19–87 years old), age was used as an auxiliary vari-
able to control for its effects on life history indicators. SEM models
werefitted using the R packages lavaan (Rosseel, 2012) and the function
runMI of the R package semTools (semTools Contributors, 2016) was
used to combine the results obtained for the 20 imputed datasets. Pa-
rameter estimates and standard errors were pooled using Rubin's
rules (Rubin, 2004). The MLMV estimator was used for its robustness
to departures from normality since this assumption did not hold for
all reflective indicators. Hence the dependent variable health status
with four ordered levels had to be treated as continuous to allow the
use of this robust maximum likelihood estimator. The large size of our
sample and the absence offloor or ceiling effects in this variable justified
such a treatment (see Appendix B Fig. B.1). Finally, the chi-square statis-
tics and the related fit indices were pooled using the method described
in Li, Meng, Raghunathan, and Rubin (1991).

3. Results

3.1. Correlation matrix and descriptive statistics

Based on psychosocial acceleration theory, we expected correlations
between all life history measures and with childhood environmental
harshness in a pattern consistent with the relationships implied by the
fast-slow continuum. Table 1 reports descriptive statistics and the cor-
relation matrix for the variables included in the first SEM (Fig. 1A). An
extended table including the individual harshness indicators used in
the second SEM (Fig. 1B) is available in Appendix B (Table B.1).

The raw correlation matrix shows low but significant correlations
among some of the life history indicators and with the global harshness
score. Furthermore, the direction of the effect is consistent with the the-
ory for every significant correlation. Hence, to further explore this
Table 1
Descriptive statistics and correlations from self-report data (n = 1015).

BMI Health status Health effort Smoking Number of ch

BMI –
Health status −0.20⁎ –
Health effort −0.12⁎ 0.18⁎ –
Smoking 0.04 −0.09⁎ −0.12⁎ –
Number of children 0.13⁎ −0.00 0.01 −0.05 –
Age at first birth −0.09⁎ 0.13⁎ −0.00 −0.05 −0.37⁎

Sexual debut −0.03 0.04 0.06⁎ −0.20⁎ 0.04
Short-term partners 0.04 −0.00 −0.10⁎ 0.19⁎ −0.07⁎

Harshnessa 0.05 −0.14⁎ −0.07⁎ 0.12⁎ 0.04
Age 0.11⁎ −0.14⁎ 0.21⁎ 0.04 0.17⁎

Mean 26.04 2.75 68.98 0.21 2.15
SD 5.15 0.70 19.01 0.25 0.96
Range 13.6–58.8 1–4 0–100 0–0.91 1–7

⁎ p b 0.05.
a Computed as a sum of z-scores, see Section 2.3.
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pattern and to assess the theoretical model presented in the introduc-
tion, we fitted the two structural equation models represented in Fig.
1 on the data. Fit indices and parameters estimates are reported sepa-
rately for each model in the following sections.

3.2. SEM with harshness as a sum of z-scores

3.2.1. Model fit
Table 2 reports fit indices for the SEMs. The chi-square test yielded

significant p-values for the first SEM. However, the large sample size
of our study (N = 1015) prevents us from interpreting this statistic as
evidence for a discrepancy between the sample and the model-implied
covariancematrix. The chi-square statistic is indeed known to be partic-
ularly sensitive to sample size, which can lead models fitted on large
samples to be systematically rejected (Schermelleh-Engel,
Moosbrugger, & Mäüller, 2003). We therefore focus on several approx-
imate fit indices, the Comparative Fit Index (CFI), Standardized Root
Mean Square Residual (SRMR) and Root Mean Square Error of Approx-
imation (RMSEA), which eliminate the issue of sample size dependency
(Kline, 2016). The RMSEA value of 0.046, associated with a close-fit test
giving a p-value of 0.63, suggests an approximately good fit of the
model. CFI and SRMR values of respectively 0.93 and 0.030 are also con-
sistent with a close fitting model. Therefore, the approximate fit indices
reveal no strong misspecification for this model.

3.2.2. Measurement model: the life history strategy latent factor
All life history variables included in the model loaded significantly

on the general life history latent factor except “number of children”
(Fig. 1A; see Appendix B Table B.2 for an extensive list of model coeffi-
cients). Inspection of the estimated covariance however, shows that
“number of children” is not independent of the other reproductive
items but correlates with “age at first birth” (r = −0.36, p b 0.001).
Yet, even though the moderate correlation between “number of chil-
dren” and “age at first birth” is consistent with the theory, it is not
part of the general pattern captured by the life history factor. For all
other life history items, the pattern of covariation follows our predic-
tions: higher scores on the life history factor are associated with lower
BMI (standardized c = −0.18, p = 0.01), higher self-reported efforts
in looking after one's health (standardized c=0.21, p=0.005), higher
self-reported general health status (standardized c=0.15, p b 0.001), a
lesser proportion of life spent smoking daily (standardized c=−0.15, p
b 0.001), later age at first birth (standardized c = 0.16, p b 0.001), later
sexual debut (standardized c = 0.27, p b 0.001) and fewer short-term
sexual partners (standardized c=−0.25, p b 0.001); and therefore cor-
respond to the theoretical description of a slow strategy. Hence, the la-
tent life history construct in the first SEM is consistent with the
proposed fast-slow continuum.
ildren Age at first birth Sexual debut Short-term partners Harshness Age

–
0.18⁎ –
0.10⁎ −0.22⁎ –
−0.10⁎ −0.09⁎ 0.04 –
−0.15⁎ 0.17⁎ 0.07⁎ −0.06⁎ –
25.66 18.57 6.21 −0.06 52.52
4.86 3.13 12.42 12.36 14.33
14–56 10–61 0–160 −17.2–66.6 19–87
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Table 2
Statistical and practical fit indices for the structural equation models.

Model χ2 df p RMSEA SRMR CFI

Model 1 58.6 15 b0.001 0.046 0.030 0.93
Model 2 191 113 b0.001 0.026 0.028 0.83
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3.2.3. Structural model: effect of harshness on the life history strategy factor
Concerning the structural part of the first SEM, the global score of

harshness during childhood is negatively associatedwith the latent var-
iable (standardized c = −0.34, p b 0.001). This relationship confirms
the predictions of the theory since higher scores on the harshness
index are negatively associated with a slower life history as reflected
in a higher life history score.

3.3. SEM with harshness as a latent composite

3.3.1. Model fit
For the secondmodel, as expected, the chi-square test yields a signif-

icant p-value. SRMR and RMSEA valueswere closer to zero (respectively
0.028 and 0.026) compared to the first SEM, which indicates a closer fit.
On the other hand, the CFI indexwith a value of 0.83,which is inferior to
the soft criterion of 0.90 (Bentler & Bonett, 1980), no longer indicates a
close fit. The latter discrepancy might be due to the numerous degrees
of freedom introduced by including the various harshness items/scales.
Overall, the approximate fit indices still reveal no strong
misspecification for this model.

3.3.2. Measurement model: the life history strategy latent factor
Coefficients related to the latent life history factor are very similar to

those obtained for the first SEM. Although the particular values of the
coefficients slightly vary, the overall pattern of covariation is identical:
the variable “number of children” does not significantly correlate with
the general factor but the remaining life history indicators covary as
predicted by the fast-slow continuum (Fig. 1B). Indeed, higher scores
on the life history strategy factor still reflect slower strategies character-
ized by lower BMI (standardized c = −0.15, p = 0.03), higher health
efforts (standardized c = 0.24., p b 0.001), better health status (stan-
dardized c = 0.19, p b 0.001), a lesser proportion of life spent smoking
daily (standardized c =−0.14, p b 0.001), later age at first birth (stan-
dardized c=0.15, p b 0.001), later sexual debut (standardized c=0.24,
p b 0.001) and fewer short-term sexual partners (standardized c =
−0.21, p = 0.003).

3.3.3. Structural model: effect of harshness on the life history strategy factor
Childhood harshness measured as a latent composite in the second

SEM also predicted faster life history strategies. The use of a composite
led to a slightly stronger association between these variables (standard-
ized c=−0.37, p b 0.001; Fig. 1B, seeAppendix B Table B.3 for an exten-
sive list of model coefficients). However, the examination of the
composite weights also reveals that this effect of childhood harshness
is mostly driven by the item violence in the family. Indeed, only this
item,whichmeasuredwhether participants suffered fromphysical, sex-
ual or psychological abuse caused by members of their family, contrib-
uted significantly to the effect of the composite (partially reduced
model: standardized c = −0.24, p b 0.001). Marginal contributions to
the composite's effects on the latent life history factor of death of the
mother (standardized c = 0.41, p=0.055) and having lived with a step-
father (standardized c= 0.54, p=0.061) also emerged from thismodel.
Lastly, we conducted a cross-validation analysis by computing harsh-
ness weights on one half of the sample and using these as a priori
weights to calculate the harshness score and to predict life history strat-
egies for the second half of the sample. This procedure was repeated
1000 times to reduce variability. The overall pattern confirmed our pre-
vious analyses: higher harshness scores significantly predicted faster
Please cite this article as: Mell, H., et al., Childhood environmental harshn
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life history strategies (see Appendix B Table 4 formore details). The var-
iance explained in life history strategies however decreasedwith an av-
erage R-square of 4%.

4. Discussion

Research in human behavioural ecology suggests that exposure to
high levels of environmental harshness during ontogeny increases the
probability of individuals adopting fast strategies. Previous studies
have provided empirical support for this proposal by examining pat-
terns of inter-individual differences often for variousmeasures of either
somatic or reproductive investments (Belsky, 2012; Pepper & Nettle,
2014). The present research further supports these findings by showing
that, in a representative sample of the French population, distinct life
history variables covary across both allocation domains in a theoretical-
ly coherent manner. The latent variable indeed contrasts individuals
exhibiting i) traits suggestive of a lesser investment in their soma
(smoking, lower self-reported health status, efforts in looking after
one's health and higher BMI) and ii) a faster reproductive strategy (ear-
lier sexual debut, age at first birth and higher number of sexual part-
ners), with individuals showing the opposite characteristics.
Furthermore, childhood harshness predicted scores reflecting faster
strategies, which is consistent with our interpretation of this latent var-
iable as the fast-slow continuum.

Thus, the emerging covariation pattern fits well with the idea of a
broad fast-slow axis of life history variation. Nonetheless, it should be
noted that the fast-slow continuum captures only a fraction of the var-
iance in individual life history traits and that it will not necessarily be
relevant for all of them. Such a result is not unexpected since life history
traits are undoubtedly under the influence of multiple unmeasured
causes, which can lead individuals' allocation strategies to depart from
typical fast or slow combinations of traits. For example, BMI is sensitive
to genetic factors (Locke et al., 2015) and its relationshipwith the inten-
sity of physical activity is not completely linear, e.g., athletes tend to
have high BMI but low percentage of body fat (Etchison et al., 2011).
In such cases, the associated variance in BMI will not be captured by
the fast-slow continuum and might even correlate in opposite direc-
tions with other life history indicators.

Similarly, many determinants of fertility might isolate it from the
fast-slow continuum in developed countries and explain why number
of children did not correlate with the latent variable. In our representa-
tive sample of a country where the demographic transition has long
been completed, mean fertility is indeed close to two children per par-
ent with little variation around this value. Cultural factors such as easy
access to contraceptives, universal health care for both the child and
the parents, widespread access to wage labor via economic markets
for women and highly shared norms about family size might for exam-
ple explain why fertility is disconnected from the fast-slow continuum
(Colleran, 2016; Lawson & Borgerhoff Mulder, 2016). Eventually, sever-
al meaningful axes of variation are likely to emerge once one tries to
capture finer inter-individual differences in life strategies across
human populations and to identify particular socioecological factors
that call for more diverse clusters of allocation strategies (Del Giudice,
2014b).

In addition, our analysis also suggests that the calibration of life his-
tory strategies might be particularly sensitive to specific events. Indeed,
the composite model revealed that when all harshness predictors were
considered independently, only violence in the family contributed signif-
icantly to its effect on the latent variable, withmarginal effects of having
lived with a stepfather and death of the mother. These differential effects
of harshness items could be interpreted in the light of theoretical
models of adaptive developmental plasticity (Frankenhuis &
Panchanathan, 2011a, 2011b). These models predict that the reliability
(i.e. the strength of the association between a cue and a particular
state of the environment) of the cues used by an organism to adjust
its developmental trajectory should influence the timing and the
ess predicts coordinated health and reproductive strategies: A cross-
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rigidity of the organism's commitment to a particular life strategy.
Therefore, a higher cue reliability compared to other harsh events
could be one property of the item violence in the family, beyond the
fact that it is a particularly strong measure of low parental care. This
would be the case if such violent behaviours from the caregivers have
been more reliably associated with future harsh conditions over
human evolutionary history compared to other types of harsh events.
This interpretation is in linewith the external-PAR hypothesis described
in the introduction. Yet, an account based on the internal-PAR hypothe-
sis might also be given here since violence inside the family can some-
times involve severe costs to the child's soma. Hence further studies
are needed to arbitrate between the two hypotheses. Alternatively,
the absence of significant coefficients for the other harshness predictors
might be due to the retrospective and non-genetically informed design
of the current study. Indeed, participants were asked to recall and judge
adverse events that took place several decades ago in certain cases and
the accuracy of their report could have been severely limited (Hardt &
Rutter, 2004). However, this null finding could also arise from the fact
that depending on their genes, individuals might not equally weight
their developmental experience during the calibration of their life histo-
ry strategies (Belsky et al., 2012; Belsky & Pluess, 2009). For instance,
there is empirical evidence that the effects of harshness on female pu-
bertal development are genetically moderated (Hartman, Widaman, &
Belsky, 2015). In addition, the small number of positive realizations in
our sample for rare events such as death of mother, death of father or
long illness might have prevented the detection of meaningful effects.

Regarding the influence of childhood harshness on life history strat-
egies, it should also be stated that the correlational nature and the cross-
sectional design of the current study hinders inferences about the causal
role of early adversity on future life history strategies. Indeed, the influ-
ence of the environment experienced later in development on life strat-
egies could not be controlled for. However, several longitudinal studies
in adolescents have already found that both early and later environ-
ments predict individuals' life strategies (Belsky, 2012; Belsky et al.,
2010; Brumbach et al., 2009; Hartman et al., in press; Simpson et al.,
2012). Moreover, recent works, studying the effect of external shocks
(famine, epidemics, war, etc.) during fetal life and early childhood,
have demonstrated that lack of resources has detrimental and durable
effects on a range of outcomes later in life: health problems (Lin & Liu,
2014), attention deficits (de Rooij, Wouters, Yonker, Painter, &
Roseboom, 2010), anti-social behaviours (Neugebauer, 1999), lower ed-
ucational level (Lavy, Schlosser, & Shany, 2016), or lower probability of
being married and getting a job (Almond, Edlund, Li, & Zhang, 2007).
Hence, while life-history strategies remain flexible in the face of new in-
formation, at least part of the effect of childhood harshness measured
here might reflect conditional adaptations to early life conditions.

Thus, despite the caveats mentioned above, the overall patternmea-
sured in this study is consistentwith the idea that people form coherent
life history strategies that can be partly captured by a fast-slow contin-
uum and shaped by early experience of harsh events. Such a general
pattern in a developed country is not easily explained without adopting
an evolutionary developmental perspective (Frankenhuis et al., 2016)
and it will therefore be interesting to extend this work. For instance, fu-
ture research should identifywhich fast and slow strategies hold or vary
across the broader range of situations encountered by humans. One
promising direction could be to implement statistical techniques such
as SEMswith composite variables in longitudinal designs or capitalizing
on relevant natural experiments. This way one could assess the respec-
tive contributions to the development of fast strategies of different
harsh events measured at various time points during ontogeny.

To conclude, our results support the relevance of adopting an evolu-
tionary framework to explore patterns of individual differences within
and across human populations. Our study also highlights the relevance
of approaches that consider whole suites of behaviours rather than sin-
gle outcomes in order to test functional hypotheses related to LifeHisto-
ry Theory. More importantly perhaps, this framework puts forward a
Please cite this article as: Mell, H., et al., Childhood environmental harshn
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different way of construing important behavioural obstacles to health
improvement in developed countries. Indeed, while vaccination, antibi-
otics and improved sanitation have greatly increased life expectancy,
this process based on technological advances may have reached its
limits. Recent works indeed suggests that the maximum lifespan of
humans is subject to natural constraints (Dong, Milholland, & Vijg,
2016). By contrast, many years of life are still lost due to lifestyle factors,
in particular in middle and lower social classes. Moreover, while the
most important health issues in the 20th were due to infectious patho-
gens, themost important health issues of the 21st century are primarily
due to “lifestyle” decisions (dietary risks, high body-mass index, and to-
bacco smoking). Despite these evidence, behavior-related causes of
health are still ill-understood. For most people, dietary risks, high
body-mass index, and tobacco smoking are seen as the result of lifestyle
choices over which individuals have control (Hallsworth et al., 2016).
Instead, the framework we put forward in this paper suggests that
part of the variance observed in these at-risk behaviours can be traced
back to evolved mechanisms geared to maximize short-term rewards
over long-term investments in an environment that is perceived as
dangerous.
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