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Sensitive periods in development and risk for psychiatric
disorders and related endpoints: a systematic review of child
maltreatment findings

Jonathan D Schaefer, Theresa W Cheng, Erin C Dunn

Variation in the mental health of people who have experienced childhood maltreatment is substantial. One hypothesis
is that this variation is attributable, in part, to the timing of maltreatment—specifically, whether maltreatment occurs
during sensitive periods in development when the brain is maximally sensitive to particular types of environmental
input. To determine whether there is scientific consensus around when periods of peak sensitivity occur, we did a
systematic review of human observational studies. Although 89 (75%) of the 118 unique cross-sectional or longitudinal
cohort studies we identified reported timing effects, no consistent sensitive periods were identified for any of the
most studied outcomes. Thus, observational research on childhood maltreatment has yet to converge on a single
period (or set of periods) of increased vulnerability. We identified study characteristics that might contribute to these
between-study differences and used observations from our Review to suggest a comprehensive set of recommendations

for future research.

Introduction

Psychiatric disorders affect an estimated 16-26% of the
global population each year and 70-80% of the population
at some point during their lifetime."* A major driver of
psychiatric disorders is childhood maltreatment, a form
of early adversity that encompasses the absence of
expected inputs and responses from parents or caregivers
(eg, physical or emotional neglect) and the presence of
harmful, threatening inputs and responses (eg, physical,
sexual, or emotional abuse).** Childhood maltreatment is
common, with worldwide prevalence estimates ranging
from 13% (sexual abuse) to 36% (emotional abuse).
People with a history of maltreatment have, on average,
atleast twice the risk of developing a psychiatric disorder,
an effect that appears to be causal.”® Nevertheless, it is
clear that not all maltreated children are equally affected.
One important determinant of the effects of maltreatment
might be its developmental timing—specifically, whether
it occurs during sensitive periods in development,
meaning life stages when particular environmental
inputs might be more influential. Identifying when these
periods exist could have major benefits, including
advancing understanding of the mechanisms linking
maltreatment to later psychopathology and informing
the development of targeted strategies to facilitate more
timely intervention.

Neuroplasticity, which refers to the brain’s dynamic
capacity to undergo structural and functional maturation
and change in response to experience,’ is a powerful
determinant of the extent to which different life
experiences can become biologically embedded. So-called
critical and sensitive periods are states of elevated plasticity
when the effect of experience on neurodevelopment is
especially strong and lasting.”” Critical periods have long
been viewed from a deterministic perspective: after the
critical period ends, the effects of experience are
permanent and irreversible; the window of plasticity
closes and remains shut. But windows of sensitive-period

plasticity do not fully close; rather, some degree of
plasticity remains, although considerably more effort is
required to produce change after a sensitive period ends
than when that window was open. Therefore, we favour
the term sensitive period in this Review, because of the
potential for symptomatic improvement, remission, or
recovery in nearly all common forms of psychopathology.
The neurobiological mechanisms that create sensitive
periods are complex and encompass mechanisms that
inhibit, initiate, and later slow, plasticity.® These
mechanisms involve processes that govern the initial
wiring of the brain (eg, synapse formation and
overproduction) and those that shape consolidation of
neural networks (eg, synapse elimination and pruning).’
The associated psychological literature also commonly
groups these mechanisms into those that are time limited
and activated by universal experiences across the human
species (sometimes labelled as experience expectant), and
other ongoing learning mechanisms thought to be
unique to the individual and their environment
(ie, experience dependent)." The experience-expectant
category is more commonly implicated in the formation
of sensitive periods; however, the distinction between the
two types of mechanisms is not necessarily precise and
this framework does not capture all types of plasticity.”
Scientific interest in sensitive periods started nearly a
century ago, when the concept was first articulated by
Charles Stockard, an embryologist. Stockard observed
that birth defects in fish offspring occurred only when
mothers were exposed to extreme temperatures and toxic
chemicals just as a specific embryonic organ was
developing, labelling these time periods as moments of
supremacy or critical moments.® In 1935, ethologist
Konrad Lorenz was the first to apply this concept to
animal behaviour, noting that young ducklings, goslings,
and chicks would not imprint in the typical way for their
species if their encounter with a moving object was
delayed.” In the second half of the 20th century, animal
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researchers also began generating evidence to support
the existence of critical socialisation periods when
specific social inputs were necessary for typical social
and emotional functioning.” Harry Harlow’s 1965 study*
showed rhesus monkeys kept in social isolation between
ages 3 months and 12 months had clear, enduring social
and emotional deficits (whereas isolation at later ages
appeared not to have such an effect), and in 1970, Nobel
laureates David Hubel and Torsten Wiesel began
establishing critical periods in the development of
sensory systems.” These early animal socialisation
studies, in particular, informed human research on
attachment and approach learning, and the hypothesis
that early caregiving relationships have a crucial role in
determining later emotional and behavioural health.”

Since the 1950s, studies mentioning sensitive or critical
periods have steadily increased. Articles additionally
mentioning maltreatment are fewer but increased by
40 times in less than two decades (appendix 1 p 4).
Published reviews investigating timing effects for
maternal deprivation or institutionalisation suggest a
sensitive period between ages 6 months and 24 months.”
However, periods of peak vulnerability to maltreatment
remain unknown.””

In this systematic review, we investigated whether
evidence has converged to identify sensitive periods when
the developing brain is most susceptible to the effects of
childhood maltreatment. Specifically, we investigated the
questions: (1) what proportion of studies testing for
timing effects of maltreatment find such effects, and how
consistent are the periods of peak vulnerability across
studies? (2) Some researchers have postulated that
sensitive periods are a property of individual biological
systems (eg, neural circuits) rather than complex
phenotypes, such as mental health disorders;* are
findings more consistent in studies at more “biological”
levels of analysis? (3) Do findings become more consistent
when studies are stratified by different study
characteristics (eg, sample size, statistical approach, or
assessment methods)? (4) Research has repeatedly
suggested a high degree of multifinality in psycho-
pathology, wherein the same risk factor increases risk for
multiple types of disorder simultaneously;” does this
principle extend to studies of the timing effects of
maltreatment (ie, do multiple disorder types show similar
timing effects)? (5) Relatedly, the principle of equifinality
suggests that the same mental health problems can arise
through multiple different developmental histories and
risk factors;” does this principle extend to studies of
timing effects (ie, do different types of maltreatment
show similar timing effects)? (6) Are there sex or gender
differences in the periods identified across studies?

Methods

Search strategy and selection criteria

Using PRISMA guidelines,” we did a systematic review
of human observational studies that tested for
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maltreatment timing effects by searching MEDLINE,
PsycINFO, and the Cumulative Index to Nursing and
Allied Health. Because some researchers have
speculated that sensitive periods might be more readily
identified for more biological outcomes, we sought
to identify studies examining whether timing of
maltreatment was related to psychopathology
(eg, psychiatric disorder diagnosis or high scores on
symptom scales) as well as studies connecting timing
of maltreatment to related constructs within other
levels of analysis, including neuroimaging (ie, brain
structure or functioning), epigenetics (ie, DNA
methylation), psychophysiology (eg, cortisol reactivity
or cortisol awakening response), and behaviour
(eg, personality or cognitive test performance). In
addition to covering multiple levels of analysis, we
selected search terms to capture a range of Research
Domain Criteria constructs, including negative valence
systems, positive valence systems, cognitive systems,

13910 records identified
5826 from MEDLINE
4016 from PsychINFO
4068 from CINAHL

—>| 3080 duplicates excluded |

A4
| 10830 records screened |

—DI 10 661 records excluded |

A4

| 169 reports sought for retrieval |

_,I

A 4

1 report not retrieved |

| 168 reports assessed for eligibility |

v

4 additional records identified by citation
searches

54 reports excluded
19 did not include a sensitive period
analysis
14 did not assess maltreatment for at
least two non-overlapping age
periods that preceded outcome
assessment
7 did not assess a relevant outcome
7 did not assess maltreatment
4 not available in English
2 meta-analysed secondary data
1 explicitly conflated timing effects
with chronicity

v

118 reports assessed for eligibility

Figure 1: Study profile
CINAHL=Cumulative Index to Nursing and Allied Health.

See Online for appendix 1
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social processes, arousal and regulatory systems, and
sensorimotor systems.”

The inclusion criteria used in this Review were that
studies reported results from human participants; the
research was published in English; participants were
assessed for one or more relevant outcomes; participants
were assessed for exposure to maltreatment alone or
alongside other measures of adversity; maltreatment
exposure was assessed for at least two non-overlapping
time periods that each preceded the outcome assessment
(studies assessing maltreatment exposure across a
continuous range of ages were considered to meet this
criterion); and the article reported results for at least one
test of sensitive period effects, whether that was an
implicit (ie, non-statistical) or explicit comparison of
associations between maltreatment occurring during two
or more different age periods and a given outcome.
Studies were labelled as being of “maltreatment” if they
assessed any of these exposures: physical abuse, sexual
abuse, emotional or verbal abuse, physical neglect, or
emotional neglect. Although we required studies to
assess maltreatment occurring at ages before age
18 years, we did not exclude studies for also assessing
maltreatment after this point or based based solely on
participant age (because many were retrospective studies
of adults). These criteria and definitions were established
before doing our systematic search; however, the search
procedure was not preregistered and a public protocol
was not prepared.

Our search proceeded in four steps. First, we searched
each database from inception to Aug 9, 2020, using
strings related to child abuse, maternal deprivation,
neglect, sexual, physical, or emotional abuse, mal-
treatment, adverse childhood experiences, and
victimization, as well as strings related to age, timing,
and sensitive or critical periods, to psychopathology or
mental disorders, to other Research Domain Criteria
such as negative or positive valence, and to neuroimaging;
full strings are shown in appendix 1 (pp 5-9). We exported

Figure 2: Overview of the literature on sensitive periods for child
maltreatment

Full details on the 118 studies are in appendix 2. (A) Scatterplot of increases in
sample size across sensitive period studies. (B) Frequency of child maltreatment
exposures examined across sensitive period studies. Studies could be counted
more than once if they examined multiple maltreatment types. Maltreatment
composite studies combined multiple types of maltreatment into a single
exposure measure, and adversity composite studies combined maltreatment
and other non-maltreatment adversities into a single exposure measure.

(C) Frequency of specific outcomes examined across sensitive period studies.
Studies could be counted more than once if they examined multiple outcomes.
(D) Use of exposure timing, including dividing age into two to six categories or
examining year of age (continuous). (E) Frequency of analytical strategies used
in sensitive period studies. Indirect comparison studies described rather than
tested differences in the magnitude of the association between exposure and
outcome as a function of exposure timing; direct comparison studies statistically
evaluated whether the effect of exposure at one point differs from that at
another; and competing hypotheses studies directly evaluated alternative
theoretical explanations, including accumulation, chronicity, or recency.
GMV=grey matter volume.
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articles to the systematic review application, Rayyan.”
Second, two authors (JDS and ECD) independently
screened titles and abstracts of articles retrieved from the
search before reviewing the text of potentially eligible
studies. Third, two authors (JDS and ECD) screened the
text of retrieved articles to identify those meeting all
inclusion criteria. Fourth, two authors (JDS and ECD)
independently extracted study characteristics and our
primary outcome (the sensitive periods identified).
Discrepancies at each step were resolved by discussion.
We arranged studies into subgroups based on key
characteristics, including the outcome of interest,
maltreatment type assessed, and other study design
features, and then we searched the references of all
included studies.

We evaluated all studies for risk of bias with two
independent raters (two of three raters for each study:
JDS, TWC, and Samantha Stoll) using an adapted Quality
Assessment Tool for observational cohort and cross-
sectional Studies developed by the National Heart, Lung,
and Blood Institute.” Discrepancies were resolved by the
third rater. Finally, we used permutation testing to
statistically evaluate sensitive periods for the most
studied outcomes in each level of analysis (ie, depression,
language or cognitive ability, and hippocampal volume;
appendix 1 pp 2-3).

Results

Our search identified 10830 studies, of which 114 were
eligible to be included and a further four studies were
identified through citation searches, such that
118 independent reports met our inclusion criteria
(figure 1). Of these studies, 71 (60%) tested for asso-
ciations of maltreatment timing with psychopathology,
8 (7%) with neural indices, 5 (4%) with DNA methylation,
25 (21%) with other Research Domain Criteria units of
analysis, and 9 (8%) examined outcomes at multiple
levels (appendix 2 p 1).

Despite a shared focus on maltreatment, the 118 studies
differed substantially. First, sample sizes were highly
variable, ranging from 15 to 978647 participants.
100 (85%) studies included more than 100 participants,
with 37 (31%) reporting more than 1000 participants
(figure 2A).

Second, maltreatment exposure was measured with
reports of individual maltreatment types, maltreatment
clusters, and maltreatment experiences co-occurring
with other childhood adversities (figure 2B). Only
28 (24%) of the 118 studies employed prospective
assessments; the remainder used cross-sectional or
retrospective designs. 61 (52%) studies used measures
that aggregated across different maltreatment types or
combined maltreatment with other kinds of adversity
and 50 (42%) examined only specific maltreatment
types (most commonly sexual abuse). The remaining
7 (6%) studies used both aggregated and specific
measures.

See Online for appendix 2
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Third, several dozen outcomes were studied; psycho-
pathology was the most common. Within our three major
outcome categories (psychopathology, imaging, and other
Research Domain Criteria units of analysis), the most
common outcomes were depression, hippocampal
volume, and language or cognitive ability (figure 2C).

Fourth, researchers defined maltreatment timing
differently. Definitions of timing included the age at first
or worst exposure; the presence or absence of maltreatment
during different periods of development (eg, age 011 years
vs age 1218 years); scores showing the extent of exposure
during different periods of development (eg, frequency,
severity, total number of maltreatment events, or
number of types of maltreatment); and grouping by
recency of maltreatment, often combined with the onset
of maltreatment (eg, early maltreatment vs early-and-
recent or recent-only maltreatment). Timing was most
often treated as a categorical measure, with development

divided into periods roughly corresponding to
early childhood, middle childhood, and adolescence.
Considerably fewer studies used dichotomous or
continuous measures of age (figure 2D).

Fifth, studies varied in the analytical rigour with
which they identified sensitive periods. The least
rigorous type of study, which we labelled as indirect
comparison studies (n=41[35%)]), described rather than
statistically tested differences in the magnitude of the
association between maltreatment and outcome as a
function of exposure timing. Direct comparison studies
(n=55 [47%)]) provided a stronger test of the sensitive
period hypothesis by statistically evaluating whether
the effect of exposure at one point in develop-
ment differed from the effect of exposure at another.
The most rigorous type, competing hypotheses
studies (n=20 [17%)]), directly compared the effects
of maltreatment happening during two or more
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time periods and evaluated alternative explanations
for observed timing effects, including maltreatment
accumulation (number of exposure types or times
exposed), chronicity (duration), or recency (only timing
of the most recent exposure). Two (2%) of the 118 studies
did not fit into any of these categories (figure 2E).

Our assessment of study quality showed that the risk of
biased results from this literature was high overall
(appendix 2 p 2). Across studies, the mean number of
study quality criteria met was 5-5 (SD 1-9) of 13. The
most common item that did not pass the risk of bias
assessment was whether the paper presented a
justification for selecting or recruiting the number of
participants included or discussed statistical power. Only
21 (18%) studies included this information, of which
15 (71%) indicated they were likely to be underpowered
for at least some of the analyses done.

Across all 118 studies, 89 (75%) reported at least one
sensitive period. Although sensitive periods appeared
more consistent when exposure age was dichotomised,
no consistent sensitive periods were identified for each of
the most commonly studied outcomes in each major level
of analysis (depression, hippocampal volume, and
language or cognitive ability; figure 3). This observation
was supported with permutation testing, which indicated
insufficient evidence to reject the null hypothesis that
childhood maltreatment was not associated with the
outcome at each age (appendix 1 p 11). No clear timing
patterns were observed among the next most studied
outcomes within each level, although the number of
studies within these domains was too small for
permutation testing (appendix 1 pp 12-13).

Although some experts have suggested that sensitive
periods might be more readily found for more “biological”
outcomes,” we observed only weak evidence supporting
this hypothesis. For example, whereas neuroimaging and
epigenetic studies were more likely to report sensitive
period effects than studies of psychopathology (8 [100%]
of the 8 neuroimaging studies were positive vs 4 [80%)] of
5 epigenetics studies vs 54 [76%)] of 71 psychopathology
studies), these differences did not reach statistical
significance, which was probably due to the small number
of studies in some groups (x2=2-45, df=2, p=0-293).

There was also no clear relationship between likelihood
of reporting positive findings and analytical rigour. The
proportion of studies reporting at least one sensitive period
was statistically comparable across competing hypotheses
studies and indirect comparison studies (18 [90%)] of
20 competing hypotheses studies and 35 [85%] of 41
indirect comparison studies; ¥2=0-25, df=1, p=0-615).
However, direct comparison studies reported significantly
fewer positive findings (35 [64%] of 55) than both

competing  hypotheses  studies  (x2=4-918, df=l,
p=0-027) and indirect comparison studies (x2=5-616,
df=1, p=0-018).

Because of the range of factors that could contribute
to the mixed findings we observed, stratifying papers by

www.thelancet.com/psychiatry Vol 9 December 2022

C Language or cognitive ability

Dichotomous

Enlowetal (2012) +— ————@
Bell et al (2018) o
T T T T T T T T T T T T T T T 1
Categorical
Jaffeeetal (2011) —— ——— ————@
Dunnetal (2016) = —e
Green et al (2018) L g
Holmes et al (2018) °
Hambrick et al (2019) — L
Rossenetal (2019) 4+—————@
T T T T T T T T T T T T T T T 1
Continuous
Craneetal (2009) °
Mackiewicz-Seghete et al (2018) ®
Schalinski et al (2018) °
T T T T T T T T T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Age (years)

Figure 3: Summary of maltreatment-related sensitive period findings for depressive symptoms or depression
diagnosis (A), hippocampal volume (B), and cognitive or language ability (C), by timing as dichotomous,

categorical, or continuous age

Each line shows the results from one study,*”” with the length and position of the line showing the ages when
maltreatment was assessed. Thicker, colour-coded line segments indicate the specific sensitive periods identified
by the study. Solid dots show the end of the maltreatment exposure assessment window. Open dots indicate
studies in which maltreatment exposure was assessed beyond age 18 years. Coloured gradients show sensitive
periods from studies using age as continuous and reporting that outcomes were associated with an earlier or later

sensitive period without denoting specific ages.

outcome alone might be insufficient to investigate
between-study heterogeneity. Therefore, we tried
organising papers on depression (the most common
study outcome) in other ways—including by sample
size, analytical rigour, maltreatment assessment
approach, study design, and use of diagnosis versus
symptom outcomes—to see whether more consistent
findings would emerge (figure 4). They did not.
Similarly, no clear patterns emerged when grouping
studies according to timing of the outcome assessment
(ie, whether depression was measured in adolescence,
young adulthood, or in heterogeneous age groups;
appendix 1 p 14).

We tested whether multiple types of mental health
problems might share similar sensitive periods by
reviewing studies assessing internalising and extern-
alising disorders. Although these outcomes overlap, they
are more causally and symptomatically distinct than
disorders within the same diagnostic group (eg, anxiety
and depression). Although we found substantial
between-study variation in the sensitive periods observed
for both internalising and externalising disorders,
individual studies tended to find similar periods of peak
vulnerability for both outcomes (appendix 1 p 15).
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To investigate whether different maltreatment types
share similar sensitive periods, we identified 20 studies
that tested sensitive period effects for at least
two maltreatment types. Of these studies, 15 (75%)
reported at least one positive sensitive period finding, with
all but two (both of which used a dichotomous measure of
age) also finding that sensitive periods differed at least
somewhat across maltreatment type (figure 5). However,
there was little consistency across these studies in the
sensitive periods identified for specific types of
maltreatment (eg, physical vs sexual abuse) or broader
maltreatment categories (eg, abuse vs neglect).

Sex differences in the timing of sensitive periods could
also be expected, because of known sex differences in
maltreatment prevalence and timing,*** brain develop-
ment,* psychopathology risk,** and sex-specific critical
periods for hormonal and corticolimbic system functioning
in rodents.”** The few studies examining sex differences
were almost equally split on whether sex differences in the
effects of timing were found (appendix 1 pp 16-17).

Discussion

Although three-quarters of the 118 studies included in
this systematic review reported timing effects, we found
little converging evidence for maltreatment-related
sensitive periods. Sensitive periods were not more
consistent in studies with similar characteristics,
including outcome type, operationalisation of maltreat-
ment timing, or study rigour.

Possible explanations for why we observed such low
convergence include that the timing and magnitude of
sensitive periods has been shown to vary as a function
of both genes and environmental input (this
variability probably complicates efforts to identify
universal periods of enhanced neuroplasticity),** or
that sensitive periods in childhood are less numerous
and their effects more nuanced than those occurring
prenatally or perinatally. Periods of neuroplasticity that
occur later in development might therefore be
considerably more difficult to identify in observational
work.
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However, neither of these explanations would explain
why our maltreatment results contrast those found in
studies examining maternal deprivation or institutional-
isation, which suggest larger effects on future psycho-
pathology during the first 6-24 months of life.” This
discrepancy might partly be because maternal deprivation
and institutionalisation both represent omissions of

expected care, whereas the category of maltreatment is
more heterogeneous, encompassing both omission of
expected care (ie, neglect) and unexpected harm
(ie, abuse). However, the literature on deprivation and
institutionalisation is characterised by considerable
complexity, with some reports indicating a second
sensitive period in pre-adolescence,” and both
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Figure 4: Maltreatment-related sensitive period studies for depressive symptoms or depression diagnosis, by sample size (A), analytical strategy (B), maltreatment assessment approach (C),

study design (D), and diagnosis versus symptom outcomes (E)

Each line shows the results from one study, **” with the length and position of the line showing the ages when maltreatment was assessed. Thicker line segments indicate the specific sensitive periods
identified by the study. Solid dots show the end of the maltreatment exposure assessment window. Open dots indicate studies in which maltreatment exposure was assessed beyond age 18 years.
Coloured gradients show sensitive periods from studies with age as continuous and reporting that outcomes were associated with an earlier or later sensitive period.
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Figure 5: Sensitive periods identified by studies assessing two or more different types of maltreatment and
psychopathology outcomes, by timing as dichotomous, categorical, or continuous age

Results of each study®**” are shown as a group of coloured lines, with the length and position of the lines showing
the ages at which maltreatment was assessed and colour showing maltreatment type. Thicker segments indicate
the specific sensitive periods identified for each outcome, whereas thinner segments indicate no sensitive periods
were identified for that age range. Solid dots show the end of the exposure assessment window. Gradients show
sensitive periods from studies using age as continuous and reporting that worse outcomes were associated with an
earlier or later sensitive period. Results are shown only from studies with at least one positive sensitive period
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sex-specific and sleeper (or latent) effects.*””” Even
studies using randomised assignment to study the effects
of institutionalisation have been unable to disentangle
the effects of exposure duration from developmental
timing.” These sources of complexity also extend to
studies of maltreatment, perhaps further contributing to
inconsistent findings across studies.

Another possible contributor, cited in nearly all
systematic reviews, is methodological heterogeneity. We
attempted to understand this heterogeneity by grouping
studies with similar characteristics. However, these
efforts were hindered in many instances by the small
number of studies in some subsets. The possibility of
heterogeneity that was unaccounted for even within
these subsets makes it difficult to discern if conflicting
findings indicate a true absence of sensitive periods or
simply methodological and statistical confounds. At the
very least, our findings suggest that if maltreatment
timing effects exist, they are likely to be sensitive to
aspects of study design. In the panel, we outline some of
the most probable contributors to these discrepancies
and steps to mitigate them in future research.

We found that 75% of studies assessing children for
multiple types of maltreatment reported distinguishable
sensitive periods associated with each type. This
observation aligns with theories organising exposures
along distinct continuums of adversity that differentially
affect neural systems and behaviour (eg, the Dimensional
Model of Adversity and Psychopathology).”*** Thus, our
findings suggest sensitive periods might be clarified by
examining specific forms of maltreatment or dimensions
of adversity rather than broad or aggregated composites.

Our results additionally suggest a need for increased
precision in assessments of maltreatment timing.
Dichotomous operationalisations of age seemed to
contribute to a false sense of consistent findings, which
disappeared when more precise measures of
maltreatment timing were used. Studies with more
precise measures of timing using instruments such as
the Maltreatment and Abuse Chronology of Exposure
scale® might help to identify relatively brief (eg, <3 years)
sensitive periods that would otherwise be missed.””

Studies using objective outcome measures (eg, brain
morphometry or stress physiology) were not statistically
more likely to identify sensitive periods than studies
using subjective outcomes (eg, psychiatric symptoms).
However, the small number of high-quality studies using
objective outcomes combined with heterogeneity in the
outcomes studied limited our ability to make strong
inferences about whether shifting focus to more
transdiagnostic, biological measures would better show
maltreatment timing effects.

Regarding subjective outcomes, we observed that
individual studies assessing both internalising and
externalising symptoms generally identified overlapping
sensitive periods for these constructs. This finding
might reflect within-study correlations of these
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outcomes, and also suggests that sensitive periods
relevant to maltreatment could manifest as increased
vulnerability to the development of general psycho-
pathology, rather than specific disorders or diagnostic
families. This explanation aligns with decades of
research indicating that the effects of maltreatment are
non-specific, increasing risk for multiple types of
psychiatric disorders simultaneously.””” Consequently,
our understanding of maltreatment timing effects might
benefit from first examining outcomes at the level of
general psychopathology, unless there are compelling
theoretical reasons to examine disorder-specific
measures.

Risk of bias was high in the studies we reviewed, with
many not meeting even half of the criteria in our quality
assessment tool. One salient limitation was that few
studies reported being adequately statistically powered.
This finding suggests it would be premature to interpret
the null or mixed findings summarised in this systematic
review as strong evidence that there are no sensitive
period effects. Future studies on sensitive periods should
address this limitation by estimating statistical power
and preregistering analytical plans on open science
platforms to reduce concerns about multiple testing.
Studies should also try to assess and communicate how
much the reported frequency of a particular exposure
(eg, sexual abuse) varies across development, because
this variation could affect power to detect sensitive
periods at specific ages (eg, early in development when
infantile amnesia limits maltreatment recall).

Only 24% of the studies had a prospective assessment
strategy. Although sensitive periods for depression from
prospective studies were not more reliable than from
retrospective studies, known challenges with retrospective
measures suggest their predominance is a limitation of the
field. Compared with prospective measures, retrospective
measures typically overestimate maltreatment effects on
subjective outcomes and underestimate maltreatment
effects on objective outcomes.” Retrospective and
prospective measures of maltreatment occurrence also
show low levels of agreement.” To our knowledge,
agreement between retrospective and prospective
measures of maltreatment timing has not been
systematically studied, but it might be even lower due to
cognitive biases, including telescoping effects (the
tendency to perceive recent events as more remote and
more distant events as more recent).” We therefore
encourage investigators examining maltreatment timing
effects to use prospective assessment strategies whenever
possible.

In addition to more rigorous measurement of
maltreatment, we encourage innovation in the develop-
ment of new and more objective measures of early-life
stressors, as these could reduce measurement error and
increase statistical power to detect timing effects. For
example, combining self-report and parent-report
measures of maltreatment with glucocorticoid levels
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Panel: Key challenges and recommendations for future research on maltreatment
timing effects

Timing effects probably differ for different types of maltreatment, which peak

in frequency and severity at different ages and work through partly separable neural
mechanisms. Researchers should therefore stratify maltreatment analyses by
maltreatment type or broad dimensions of adversity (eg, deprivation vs threat) when
possible

Over-reliance on crude measures of age of exposure (eg, dichotomised into early vs
late) might obscure brief sensitive periods and contribute to a false sense of
consistency that disappears when more precise measures of age are used. Researchers
should therefore avoid dichotomous operationalisations of age in favour of
multicategorical or continuous options

The effects of maltreatment on psychopathology are likely to be general (ie, increasing
risk of multiple types of mental health problems) rather than specific, and yet most
sensitive period studies examine disorder-specific outcomes.Unless compelling
reasons exist to examine disorder-specific measures, researchers should consider first
examining outcomes at the level of general psychopathology or broad psychiatric
spectra (eg, internalising symptoms)

Risk of biased findings appears high because many studies are of poor quality.
Researchers can take steps to improve quality by adopting the changes described, and
ensuring adequate statistical power and preregistering analyses

Over-reliance on retrospective measures of maltreatment, which show poor
agreement with prospective measures, typically overestimate maltreatment effects
on subjective outcomes, and might generate biased estimates of maltreatment
timing. Researchers should therefore use prospective assessment strategies with
frequent assessments whenever possible, and consider incorporating objective
measures of exposure (eg, biomarkers)

Observational studies of sensitive periods face statistical challenges, including
multicollinearity (because maltreatment exposure tends to be highly correlated across
adjacent ages), multiple testing (when numerous age ranges or regression models are
compared), and many ways to operationalise relevant constructs. Researchers should
therefore consider using advanced analytical approaches including the Structured Life
Course Modeling Approach, random forest regression, or specification curve analysis
Ruling out alternative explanations is crucial; what appears to be developmental
differences in plasticity could instead reflect myriad other age-related differences

(eg, rates of exposure or child-coping resources). Although no study will be able

to account for all potential alternative explanations, researchers could increase
confidence in their findings by testing as many plausible competing hypotheses

as their data allow

sampled repeatedly across development might help
researchers to account partly for some of the known
issues within the literature on maltreatment (eg, recall
failure and cognitive biases).”* Children’s primary teeth
have also recently been proposed as a promising new
tool, because of their unique ability to record the timing
of early-life stressors at a daily and weekly resolution."”
Teeth might well be a new and non-invasive biospecimen
that records life experiences objectively and can guide
causally informative research on how and why psychiatric
disorders emerge after experiences of adversity."™

When assessing sensitive periods in observational
studies, two key challenges exist: multicollinearity and
multiple testing. Multicollinearity arises because maltreat-
ment exposure can be highly correlated across adjacent
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ages. Multiple testing problems arise when several age
ranges or regression models are compared. To mitigate
these issues, new analytical strategies have been developed
to test sensitive period effects with accumulation-of-risk
and other theories, including the structured life course
modelling approach* and machine-learning approaches
(eg, random forest regression).” In addition, specification
curve analysis can address methodological heterogeneity
issues, because this technique examines how effect sizes
vary across hundreds or even thousands of models that
operationalise key parameters (eg, maltreatment type or
timing) in different ways."

Eliminating alternative explanations for apparent
sensitive period effects is crucial. What appears as
developmental differences in plasticity could instead
reflect age-related differences in rates, severity, or
accumulation of maltreatment exposure, or other factors
that vary by age, such as child coping resources and
cognitive capacity (eg, younger children might internalise
maltreatment because they do not have the cognitive or
socioemotional sophistication to attribute it to parental
characteristics). Ruling out all alternative explanations is
only possible in an experimental context. Nevertheless,
investigators with observational data could increase
confidence in their findings by testing as many plausible
competing hypotheses as possible.

Although theories on the importance of developmental
timing exist in multiple fields, including life-course
epidemiology,” developmental neuroscience,” and
developmental psychopathology,™ this systematic review
shows that these theories are not yet consistently
supported by evidence from human observational studies
on childhood maltreatment. We hope this Review
inspires more rigorous research to investigate these
timing effects, which, if known, could inform the optimal
timing of intervention efforts aimed at improving mental
health at the individual and population levels.

Conclusions

Researchers and clinicians should be cautious before
deeming a particular phase of development a sensitive
period for the effects of childhood maltreatment on
psychopathology and associated constructs, because
existing research does not align on any single period of
increased vulnerability. This observation should not be
interpreted as conclusive evidence that maltreatment-
related sensitive periods do not exist, because it could
also be due to methodological heterogeneity, study
designs characterised by high risk of bias, and low
analytical rigour. Studies that directly address these
limitations are needed before information regarding
maltreatment timing can be productively incorporated
into causal models and clinical decision making.
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