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The external environment has traditionally been considered as the primary
driver of animal life history (LH). Recent research suggests that animals’
internal state is also involved, especially in forming LH behavioural pheno-
types. The present study investigated how these two factors interact in
formulating LH in humans. Based on a longitudinal sample of 1223 adoles-
cents in nine countries, the results show that harsh and unpredictable
environments and adverse internal states in childhood are each uniquely
associated with fast LH behavioural profiles consisting of aggression, impul-
sivity, and risk-taking in adolescence. The external environment and internal
state each strengthened the LH association of the other, but overall the exter-
nal environmentwasmore predictive of LH thanwas the internal state. These
findings suggest that individuals rely on a multitude and consistency of
sensory information in more decisively calibrating LH and behavioural
strategies.
1. Introduction
It has been widely observed that external environments shape life histories (LH)
and LH-related traits [1–4]. For example, in eight populations of the tropical poe-
cilid (Brachyraphis episcopi) from rivers along the Panama Canal, fish living
downstreamwith high predatory risks adopt faster LHbyexhibiting greater bold-
ness and aggression than conspecifics living upstream under lower predation
pressures [5]. Also, Bonnet macaque (Macaca radiata) mothers randomly assigned
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to unpredictable food conditions, compared with those
assigned to predictable foraging conditions, engage in less
affiliative mutual grooming, are more aggressive towards
other adults, and are less responsive to their offspring, all
characteristics of faster LH [6,7]. In rural human adolescents
separated from their parents, childhood environmental harsh-
ness and unpredictability, represented by parental separation,
family chaos, and unstable life events, is associated with fast
LH and related behaviours, such as risk-taking, externalizing,
and academic underperformance [8,9].

In addition to the external environment, evidence also
suggests that animals develop profoundly different LH biobe-
havioural profiles depending on aspects of their internal or
somatic state. For example, precocial breeding by young
females increases substantially among Tasmanian devils
(Sarcophilus harrisii) infected with a deadly facial cancer [10],
marine snails (Cerithidea califomica) mature significantly earlier
when infected with several trematoda parasites [11], and the
common fruit fly (Drosophila melanogaster) has a significantly
shortened developmental time from egg to adultwhen infected
with picornavirus [12]. In human populations, data from the
1970 British birth cohort show that girls who suffered chronic
illnesses in childhood had sex and gave birth earlier than
their healthyage cohorts,while the incidence of chronic disease
was unrelated to measures of environmental stress [13]. Simi-
larly reported in the public health literature, adolescents
suffering from chronicmedical conditions subsequently exhibit
earlier, more active, or riskier sexual activities, as well as other
risky behaviours, such as smoking, drug use, and antisocial
acts, that are all characteristic of faster LH [14–17]. Finally,
behavioural evidence from healthy populations shows that
both self-reported history of vulnerability to illness and labora-
tory measures of inflammation are positively correlated with
fast LH behavioural profiles consisting of impulsivity, present
focus, and difficulty in delaying gratification [18,19].

The theoretical rationale underpinning these observations
follows that, in allocating limited bioenergy among different
energy consumption demands, trade-offs are made that
fundamentally respond to mortality cues either from external
environments or from internal states or both [1,2,4,20]. This
process is also known as predictive adaptive responses,
wherein evolved mechanisms guide the subsequent develop-
ment of biobehavioural phenotypes to match an organism’s
external environments or internal states [21,22]. Various
bio-energetic trade-offs can be summarized into those allo-
cated for reproduction or early reproduction and those
allocated for somatic development andmaintenance, including
parenting or the development of the next generation. Relevant
external and internal cues are primarily concerned with mor-
tality and morbidity. In external environments, leading
causes of mortality and morbidity beyond individuals’ survi-
val effort include extrinsic risks, such as predation, disease,
and introspecific violence. Their high occurrence and high
variability, known as environmental harshness and unpredict-
ability [1], promote fast LH. Facing environmental harshness
and unpredictability, animals accelerate growth and develop-
ment and reproduce faster and more plentifully before
mortality and morbidity strike. In safer environments, animals
prioritize somatic development and maintenance over mating
and reproduction. Slow LH strategists follow an affiliative,
mutualistic and more other-centred, future-oriented sociality
that aims for long-term coexistence with conspecifics, whereas
fast LH strategists follow aggressive, antagonistic, and
impulsive and opportunistic social strategies willing to take
risks and ready to attend to immediate survival needs with
reduced concern for future conspecific cooperation [9,23–25].
Through biobehavioural manifestations, LH is thus shaped
by and responds to external environments.

Animals likewise respond to internal cues by adopting
the same biobehavioural strategies. Aspects of the internal or
somatic state, such as body size, energy reserves, immune
functioning, quality of cell-repair mechanisms, andmicrobiotic
conditions, determine the optimal behaviour an animal should
adopt to maximize its evolutionary fitness [26–31]. Animals in
poor physical condition who face direct mortality–morbidity
threats internally should calibrate their LH accordingly to
prioritize immediate survival and reproduction over develop-
ment and long-term fitness pay-offs, and they should adopt
antagonistic–opportunistic social strategies to achieve short-
term reproductive goals. Those in sound physical condition
that signal likely survival into the future with uncompromised
life expectancy and longevity would make strategic decisions
to forgo early reproduction and short-term rewards and
focus on development and affiliative–cooperative sociality to
achieve long-term fitness goals. Compared to external pro-
cesses, internal processes may more accurately calibrate LH
because mortality cues from an organism’s own body carry
more fidelity in forecasting future conditions than external sig-
nals of an environment that may change during an organism’s
lifespan [20,22,32].

Empirical studies implicating either the internal or the
external influence of LH had remained as separate and differ-
ent lines of research until recently when researchers started to
investigate the two factors in the same organisms in part to
test and develop the internal and external predictive adap-
tive response models. Using structural equation modelling,
Hartman et al. [33] examined external adversity, indicated by
risk factors such as maternal harshness, income disadvantage,
household and employment transitions, and other factors, and
internal state, represented by general health status and healthy
bodymass index (BMI) change, both calculated across years, in
relation to fast LH consisting of risky behaviour, problematic
functioning, and age of menarche [33]. They formulated a
mediation model where internal state mediates the association
between external adversity and fast LH, and external adversity
has a direct effect on both fast LH and internal state. Their
results, based on a large longitudinal US American sample,
showed that external adversity and internal state each uniquely
predicted fast LH in the expected directions. Three other
studies tested almost identical mediation models and yielded
similar findings, viz. that external and internal factors both
predicted LH [34–36].

These studies established external environment and internal
state as unique predictors of LH, illustrating an additive relation
between the two factors. An interesting and important next step
in this line of research is to determine whether their relation is
also multiplicative or how the two factors interact in calibrating
LH. It is apparent from the literature that harsh and unpredict-
able environments and adverse internal states both accelerate
fast LH by cuing mortality–morbidity threats, either through
perceptual input from the external environment or through
interoception of the internal state. If external input is consistent
with the internal signal in cuingmortality as, for example,when
one witnesses conspecific casualties from famine or disease in
the external environmentwhile internally experiencing physical
fatigue as, for example, from low glucose or high inflammation,
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Figure 1. External harsh and unpredictable environment and adverse internal state and their interaction in relation to fast LH behavioural profiles.
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the external and internal conditions should each more decisi-
vely shape fast LH. If the two types of sensory information
carry different signals about mortality threats, as when wit-
nessing the same external mortality while maintaining
gastrointestinal consummation, uncompromised immunocom-
petence, or homeostatic equilibrium, both factors will become
more muted in predicting LH, and LH will become less decisi-
vely calibrated. Because the external environment is a cause of
animal health status [32], as also evidenced by the four
mediation models reviewed earlier, the two signals should be
consistent in cuing mortality–morbidity and in reinforcing
fast–slow LH development in the same direction. However,
part of the internal state also represents individual genetics,
gene–environment interplay, including differential suscepti-
bility to both external and internal cues [4,37,38], and other
idiosyncrasies (e.g. one singularly escaped or encountered
extrinsic risks by chance) that may provide interoceptive
input uncorrelatedwith the external sensory processing ofmor-
tality. Uncorrelated sensory inputs will then calibrate indecisive
LH, yielding the observation that elements of external or
internal conditions do not invariably predict LH (e.g. [39,40]).

The purpose of the present study was to pursue the next-
step question about the extent to which external environments
and internal body states carry the same information regarding
the direction of fast–slow LH plasticity and the extent to which
these two factors reinforce each other in moulding LH devel-
opment. We tested the prediction that, under high internal
adversity signalling mortality threats, environmental harsh-
ness and unpredictability in signalling the same mortality
conditions would be more predictive of fast LH than at
lower levels of internal adversity. Similarly, we hypothesized
that adverse internal states would more strongly predict fast
LH when the environment was harsh and unpredictable
than when it was benign. In testing these hypotheses, we
developed an interaction model, which did not replace but
integrated the mediation model employed in existing studies
(e.g. [33]). Figure 1 displays the integrated mediation–
interaction model (see [41] for a statistical exposition of such
models). Based on a longitudinal sample of 1223 adolescents
in nine countries, we examined harsh and unpredictable
external environments and adverse internal states, both
measured in childhood, in relation to fast LH behavioural
profiles consisting of aggression, impulsivity, and risk-taking
all obtained in adolescence. We tested the main effects of
external environment and internal state, respectively, and the
interaction between the two factors, in relation to fast LH
behavioural profiles. Focusing on the interaction effect, we pre-
dicted a significant ordinal interaction suggesting that external
environment and internal state would be mutually reinforcing
in predicting LH.
2. Methods
(a) Participants
The sample consisted of 1223 adolescents (51% girls), their
mothers (n = 1169), and their fathers (n = 959) drawn from 10
sites of nine countries: Shanghai, China (n = 102), Medellín,
Colombia (n = 100), Naples, Italy (n = 97), Rome, Italy (n = 103),
Zarqa, Jordan (n = 114), Kisumu, Kenya (n = 99), Manila, Philip-
pines (n = 105), Trollhättan/Vänersborg, Sweden (n = 104),
Chiang Mai, Thailand (n = 120), and Durham, NC, USA (n = 101
European Americans, n = 94 African Americans, n = 84 Latin
Americans). The children were 10 years of age on average (M =
10.28 years, s.d. = 0.66) at Time 1 of the present study and were
15 years of age on average (M = 14.67; s.d. = 0.89) at Time 5 of
the present study. Participants were recruited from primary
schools serving high-, middle-, and low-income families in the
approximate proportions these income groups were represented
in the local population. These sampling procedures yielded
samples with economic diversity that is comparable across sites.
Primary school education was compulsory when we initially
recruited participants, whowere subsequently followed individu-
ally within or away from the school systems. Retention rates
differed across sites but were overall high, with 87% of the initial
sample at Time 1 of the present study continuing with the study
5.5 years later. Families who continued in the study did not
differ in initial household income levels from families who attr-
ited, F1,1081 = 1.181, p = 0.277. Families who provided complete
data also did not differ from the initial sample with respect to
child gender, parents’ marital status, or mothers’ and fathers’
education.
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(b) Procedures
Data for the present study were drawn from separate interviews
conductedwith a child and the two parents, respectively. Measures
used in the interviews were administered in the predominant
language of each country, following forward- and back-translation
by translators fluent in English and the target language and after
group discussions to resolve any linguistic, semantic, and cultural
ambiguities that arose during translation. All the measures used
in the present study were statistically tested for and met measure-
ment invariance across sites (see [42]). Interviews lasted 1.5–2 h at
each of the five times of data collection. Familymemberswere inter-
viewed separately to ensure privacy. Adult participants were given
financial compensation, children were given small gifts or monet-
ary compensation, and families were entered into draws for
prizes. Prior to the interviews, mothers and fathers provided writ-
ten informed consent, and children provided assent. Procedures for
the project were approved by the Duke University Institutional
Review Board (IRB, protocol number 2032) as well as by university
IRBs in all participating sites.

(c) Harsh and unpredictable environment
We used four measures to assess childhood harsh and unpredict-
able environment. Three of the four measures were all taken at
Times 1 and 2 of the present study when the children were 10
and 11 years old on average; one measure was obtained at Time
4. These four measures are described below.

(i) Unsafe neighbourhood
At Time 1, mothers and children, respectively, reported on six
items that measure the perceived safety and liveability of a neigh-
bourhood on a four-point scale ranging from 0, ‘almost never true’,
to 3, ‘almost always true’ (e.g. ‘There are a lot of drugs and gangs in
my neighbourhood’, ‘My neighbourhood is a nice place to live’
(reverse coded), and ‘I feel scared in my neighbourhood’) [43].
The items were coded or recoded in the direction of unsafe neigh-
bourhood. Internal consistency reliability estimates were 0.83 for
mother reporting and 0.73 for child reporting. The correlation
between the two ratingswas 0.41. For the structural equationmod-
elling and other analyses reported later, the average of the two
ratings was used as an indicator of the harsh and unpredictable
environment construct.

(ii) Unpredictable life events
At Time 1, mothers reported on the Social Readjustment Rating
Scale [44], containing 10 negative and unpredictable life events
that happened in the last 2 years in the family to which the
child was likely to be exposed (e.g. ‘severe and/or frequent
illness’, ‘accidents and/or injuries’, and ‘death of other important
person’). The 10 items were averaged to create another indica-
tor of harsh and unpredictable environments. The internal
consistency reliability estimate was 0.61.

(iii) Family income change
At Times 1 and 2, mothers assessed how much in the last 12
months the household’s annual income had changed and indi-
cated the change on a five-point scale (1, decreased a lot (more
than 25%); 2, decreased a little bit (between 5 and 25%); 3, did
not change at all or it did not significantly change (less
than 5%); 4, increased a little bit (between 5 and 25%); 5,
increased a lot (more than 25%)). The rating was reverse coded
so that higher numbers indicated income decrease. The two
ratings over 2 years were averaged to form the final variable as
the third indicator of environmental harshness and unpredict-
ability. Internal consistency reliability estimate based on the
two ratings was 0.42, and the correlation between the two ratings
was 0.27.
(iv) Chaos at home
At Time 4, using a five-point scale ranging from 1, ‘definitely
untrue’, to 5, ‘definitely true’, mothers and children responded
to a six-item measure of confusion, chaos, and disorder at home
(Confusion, Hubbub and Order Scale; e.g. ‘It’s a real zoo in our
home’, ‘The atmosphere in our home is calm’ (reverse coded),
and ‘You can’t hear yourself think in our home’) [45]. Internal con-
sistency reliability estimates were 0.60 for mothers and 0.57 for
children. The correlation between the two ratings was 0.37. The
average of the two ratings formed the final indicator of the harsh
and unpredictable environment construct.

(d) Adverse internal state
Adverse internal statewasmeasured at Times 1 and 2.We used the
Somatic Complaints Scale of the Child Behavior Checklist (CBCL)
[46] tomeasure adverse internal state. Translated into 90 languages,
CBCL is the most widely used report form in identifying children’s
problem behaviour in both research and clinical practice. The
somatic complaints scale of the CBCL has strong validity support
as a measure of compromised internal states. For example, the
scale is either significantly correlated with symptoms of a disease
or can reliably separate sufferers of a disease from healthy age
cohorts. For the age range of the present study, we found the said
discriminant validity evidence with asthma [47], diabetes [48],
recurrent abdominal pain [49], inflammation and oxidative stress
[50], inflammatory bowel diseases [51], and spinal bifida [52].
Additional meta-analyses provide similar validity evidence either
in a specific disease (e.g. epilepsy, [53]) or across a range of chronic
illnesses [54]. In these reports, externalizing and internalizing scales
of the CBCL are also correlatedwith disease status, a finding that is
itself consistent with our LH predictions. However, the correlations
involving the somatic complaints scale are of a much larger magni-
tude that is up to two to three times of those involving externalizing
and internalizing scales, further supporting the validity of the
somatic complaints scale. Fathers and mothers, respectively,
reported about their children, and the children self-reported on
10 somatic complaints using a three-point scale ranging from 0,
‘never’, to 2, ‘often’ to register the frequency of each complaint
(e.g. ‘stomach aches and cramps’, ‘overtired’, ‘dizzy’, and ‘physical
problem with no known medical cause’). We used the average of 2
years to capture health status consistency over time. Internal con-
sistency reliability estimates based on the 2-year averages were
0.78, 0.80, and 0.82 for father, mother, and child reporting, respect-
ively. We used the ratings from fathers, mothers, and children to
form three indicators of the adverse internal state construct.

(e) Fast life history behavioural profile
At Time 5, the final year of the study when the children were
15 years old on average, we measured the following three aspects
of a fast LH behavioural profile.

(i) Aggression
Fathers and mothers, respectively, described their adolescent
children and the adolescents self-reported, all using 30 relevant
items making up the Aggressive Behavior Scale of the CBCL
(e.g. ‘physically attack people’, ‘screams a lot’, and ‘threatens
people’). A three-point response format ranging from 0, ‘never’,
to 2, ‘often’ registers the frequency an adolescent engaged in
each of these behaviours. Internal consistency reliability estimates
were 0.89, 0.89, and 0.86 for father, mother, and child reporting,
respectively. The average of the three ratings formed an indicator
of the fast LH behavioural profile construct.

(ii) Impulsivity
The adolescents were given the 34-item Barratt Impulsiveness
Scale (e.g. ‘I act on the spur of the moment’; ‘it is hard for me



Table 1. Correlations, means, and standard deviations of variables.

1 2 3 4 5 6 7 8 9 10

harsh and unpredictable environment

1. Unsafe neighbourhood —

2. Unpredictable life events 0.29*** —

3. Family income change 0.13*** 0.21*** —

4. Chaos at home 0.09** 0.14*** 0.15*** —

adverse internal state

5. Mother reporting 0.12*** 0.25** 0.21*** 0.17*** —

6. Father reporting 0.09** 0.18*** 0.17*** 0.15*** 0.49*** —

7. Child reporting 0.11*** 0.21*** 0.23*** 0.15*** 0.29*** 0.30** —

fast life-history behavioural profile

8. Aggression 0.23*** 0.25*** 0.28** 0.25*** 0.29*** 0.27*** 0.19*** —

9. Impulsivity 0.10** 0.10** 0.19*** 0.17*** 0.08* 0.07* 0.15*** 0.16*** —

10. Risk-taking 0.14*** 0.16*** 0.19*** 0.14*** 0.13*** 0.13*** 0.07* 0.18*** 0.16*** —

mean 0.69 0.14 2.80 2.22 0.19 0.15 0.39 8.37 2.08 2.06

s.d. 0.42 0.17 0.79 0.53 0.22 0.19 0.30 5.47 0.36 0.18

*p < 0.05, **p < 0.01, ***p < 0.001.
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to think about two things at the same time’) [55]. The items were
rated on a four-point scale ranging from 1, ‘never true’, to 4,
‘always true’. The internal consistency reliability estimate was
0.73. This is the second indicator of the fast LH construct.

(iii) Risk-taking
We used an adapted version of a self-report measure of risk-taking
[56,57]. There are nine scenarios involving risky behaviour: smok-
ing cigarettes, drinking alcohol, vandalizing property, going to
dangerous places, riding in cars with drunk drivers, having unpro-
tected sex, stealing from stores, engaging in gang fights, and using
weapons to threaten someone. The adolescents were asked four
questions on each scenario, rated on a four-point scale based on
the following questions: ‘How often did you do the activity?’
(1, ‘never’, 4, ‘five or more times’); ‘To what extent are you at risk
of something bad happening?’ (1, ‘very much’, 4, ‘not at all’);
‘How would you compare the benefits of this activity with the
risks?’ (1, ‘the risks are far greater than the benefits’, 4, ‘the benefits
are far greater than the risks’); ‘If something badhappened because
of this activity, how serious would it be?’ (1, ‘not at all serious’,
4, ‘very serious’). A summary of the four ratings for nine scenarios
formed the risk-taking variable, with a higher score indicating a
greater degree of risky behaviour. The internal consistency
reliability estimate was 0.88. This is the final indicator of the fast
LH behavioural profile construct.

( f ) Data analysis
There is a conceptual, but not computational, distinction between
an interaction model and a moderation model [58]. In an inter-
action model, the two concerning variables are both defined
as predictor variables and the estimated interaction effect
represents the prediction of either of the two predictors con-
ditional on the values of the other predictor. In a moderation
model, the two variables are distinctively designated as a predic-
tor and a moderator and the estimated moderating effect
represents the prediction of the predictor conditional on the
values of the moderator. In the moderation model, a simple
slope of only one conditional prediction is plotted for the pre-
dictor variable conditional on the moderator variable, but in
the interaction model, simple slopes of conditional prediction
can be plotted for both predictor variables conditional on each
other. We used the interaction model to determine the extent to
which harsh and unpredictable environment and adverse
internal state reinforced each other in predicting fast LH.

In a traditional interaction or moderation model, the two
concerning variables are correlated with unspecified causal
directions. In our interaction model, presented in figure 1, external
environment was specified as a cause of internal state, making our
baseline model a mediation model rather than a traditional corre-
lation model. Testing moderation or interaction in a mediation
model requires special manual computationsmainly for estimating
conditional indirect effects or predictions [41,59]. We employed
these computations. Because our model was based on latent con-
structs rather than directly observed variables, we conducted
structural equation modelling using Mplus 7.0 [60], and we used
full information maximum-likelihood estimation to treat missing
data [61]. We first computed an interaction construct by multiply-
ing indicators of each of the two concerning constructs, harsh
and unpredictable environment and adverse internal state, using
the Mplus default approach rather than randomly pairing
indicators and multiplying them manually [62]. This default
approach does not provide the usual goodness-of-fit statistics
[63,64]. Data fitness of an interaction model is assessed relative to
that of the baseline model by computing the difference of the
log-likelihood values of the two models (D =−2 × [(log-likelihood
for the main effect model)− (log-likelihood for the interaction
model)], [58]). D follows χ2 distribution with DF being the differ-
ence in the number of estimated parameters between the two
models, which, in the present case, was 1.
3. Results
Table 1 presents means, standard deviations, and zero-order
correlation coefficients of all the indicator variables used in
the study. These are based on multi-informant (mothers,
fathers, and children) and longitudinal (5.5 years) obser-
vations. The correlation coefficients were statistically
significant and mostly substantial considering expected
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attenuation by themulti-source and cross-lag data.Within each
construct, the indicators were positively and statistically sig-
nificantly correlated. Across constructs, clusters of indicators
were correlated with one another in the expected directions.
For example, the cluster of environmental indicators and the
cluster of internal state indicators were each positively and sig-
nificantly correlated with the cluster of indicators measuring
fast LH behavioural profiles. These intercorrelations provided
the foundation to test the structural interaction between
external environment and internal state constructs.

We first tested the mediation model as the baseline model.
The goodness-of-fit statistics (χ2/d.f. = 7.32, Comparative Fit
Index = 0.94, Tucker–Lewis Index = 0.91, Root Mean Square
Residual = 0.077, Standardized Root Mean Square Residual =
0.095) of the model taken together were adequate according to
theminimum standard [65,66].We then included the computed
interaction construct in the model. The log-likelihood for the
mediation or baselinemodel was−6312.88 and that for the inte-
grated mediation–interaction model was −6301.70, D = 22.36,
p < 0.001, indicating that the mediation–interaction model
showed statistically significant improvement in data fitness
over the mediation model not containing the interaction term.

As shown in figure 1, parameter estimates of the
mediation–interaction model including the interaction term
were all statistically significant and adequate. Most of the
factor loadings exceeded 0.50 with an average of 0.58,
suggesting adequate measurement models. The structural
model was consistent with our LH theorizing. Harsh and
unpredictable environment (β = 0.50, p < 0.001) and adverse
internal state (β = 0.15, p < 0.001) were each uniquely longitud-
inally associated with a fast LH behavioural profile after
controlling the linear prediction of internal state by external
environment. Both predictors were statistically significant,
but the external environment was the stronger predictor of
fast LH than internal state. More importantly, the interaction
term was statistically significant representing an ordinal direc-
tion (β = 0.11, p < 0.01) as hypothesized. The conditional direct
longitudinal prediction of LH by external harsh and unpredict-
able environment at higher levels of adverse internal state (+1
s.d.) was more robust (β = 0.69, p < 0.001) compared to the con-
ditional direct association (β = 0.32, p < 0.001) at lower levels of
internal state (−1 s.d.). Both conditional predictions were stat-
istically significant. Similarly, at higher (+1 s.d.) compared to
lower levels (−1 s.d.) of harsh and unpredictable environment,
adverse internal state was a significant (β = 0.26, p < 0.001)
versus non-significant (β =−0.03, n.s.) longitudinal predictor
of fast LH. These conditional effects were obtained after
controlling the presumed causal relation of harsh and unpre-
dictable environment to adverse internal state (the mediation
model). Finally, the conditional indirect prediction by harsh
and unpredictable environment of LH through the mediation
of adverse internal state was slightly attenuated (β = 0.075,
p < 0.001) at higher values of adverse internal state (+1 s.d.)
compared to the same conditional indirect effect (β = 0.089,
p < 0.001) corresponding to lower levels of adverse internal
states (−1 s.d.). Relevant to the present study, we plotted the
two sets of conditional direct predictions of LH in figure 2.
4. Discussion
Existing research has shown, in separate studies, that both
external environments and internal body states affect
animal LH. Investigating these two factors in the same indi-
viduals, recent studies have demonstrated unique LH
predictions by the two predictors (e.g. [33]). Findings of the
present study add to the literature by showing the two factors
interact in reinforcing LH calibration in the same direction.
Childhood harsh and unpredictable environments and
adverse internal states were each uniquely associated with
fast LH behavioural profiles in adolescence, and each factor
strengthened the LH association of the other factor. Specifi-
cally, at higher, compared to lower, levels of internal
adversity, external harshness and unpredictability was more
predictive of fast LH. Similarly, adverse internal state was
predictive of fast LH when the external environment was
harsh and unpredictable but not when it was benign. These
conditional predictions suggest that external environments
and internal body states likely reinforce the same cues
about mortality–morbidity in accelerating fast LH. In the
present study, we obtained information about childhood
environmental harshness and unpredictability and adverse
internal state at approximately the same time, 3 years
before measuring LH profiles, therefore establishing longi-
tudinal, unconditional, and conditional associations with or
predictions of LH from the external and internal predictors.
Additionally, external environment was more strongly associ-
ated with fast LH than was internal state as evidenced both
by the two main effects (β = 0.50 versus 0.15) and the four
conditional associations (figure 2). External environment
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may be an underlying cause of both fast LH behavioural pro-
files and internal body states [1] and, when this common
variance was statistically accounted for in the present study
by integrating the mediation modelling of the relation of
external environment to internal state, LH prediction by the
internal but not the external predictor was attenuated.
These comprehensive findings support the conclusion that
external environment has a stronger impact in shaping LH
than internal state. Nonetheless, the internal state is still pre-
dictive of a fast LH behavioural profile overall and when
external harshness and unpredictability are severe rather
than benign.

Traditional LH theory emphasizes the environment as the
sole actor in activating and formulating animal LH. Specifi-
cally, the mortality-causing harshness and unpredictability,
as well as resource conditions (which were not investigated
in the present study and have rarely been studied by other
human LH research [8]), cause physiological (e.g. endocrine
and homeostasis) and psychological tuning (e.g. cognitive
and behaviour) that is oriented either towards growth and
development (slow LH) or mating and reproduction (fast
LH). Recent research has introduced animal internal state as
a complementary actor in forming LH strategies [13,22,67].
In the light of the present findings, external environment
and internal body state should not be distinguished as categ-
orically separate drivers of LH. The two can be regarded
as representing different and unique sensory inputs. For
humans, the external environment is sensorially processed
mainly as visual, auditory, and tactile data, whereas internal
state is processed mainly as interoceptive including viscero-
ceptive information. Humans and other animals processing
more and more consistent sensory information should cali-
brate LH more decisively than those having less or less
consistent information. Such is the implication of the present
findings about the significant ordinal interaction effect. In the
human case, for example, a child who constantly feels pains
in her stomach while witnessing adult neighbours falling ill
to a strange parasite should be more readily set on a faster
LH path compared to the one who receives only one but
not both sensory inputs or who receives two inconsistent
inputs by experiencing external mortality but internal
homeostasis or vice-versa.

A proviso to the present findings and discussion is that,
like most of the existing human LH literature (e.g. [68]), the
external environment operationalized in the present study
was mostly individually specific, representing a person’s
unique home and family environment rather than a larger
ecology shared with other conspecifics and thus increasing
seeming consistency between external and internal con-
ditions in impacting LH. This is not necessarily a limitation
of the present study but, rather, represents the reality of LH
research on contemporary human participants. Because
humans have long mastered the external environment [69],
most ecology-wide variables, such as mortality, pandemic
and even intraspecific conflict that are traditionally defined
in the species-general LH literature as extrinsic risks beyond
individuals’ survival effort, operate exactly depending on
modern human individuals’ survival abilities or, more pre-
cisely, resource conditions. Thus, they do not fully satisfy
the definition of extrinsic risks [70]. Because of these difficul-
ties, individual-level variables, such as chaos at home, family
misfunctioning, and unpredictable life events, have been sub-
stituted as proxies of extrinsic risks in human LH research
(e.g. [40]). Another related weakness is using multi-informant
reporting to measure internal states, as well as external
environments, because individual differences in interoception
may potentially be correlated with LH (e.g. [71]) and may in
general confound the effects of body conditions. However,
cognitive assessment of both internal and external informa-
tion may become integral parts of human LH calibration.
An appreciation of these human-specific conditions is
needed in applying species-general models to study human
LH. The present study represents such an appreciation and
one of the first attempts to our knowledge to investigate
how external environments and internal states interact in
calibrating human LH behavioural profiles.
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