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A B S T R A C T   

Autistic children and adults are at increased risk of showing behaviours that may be described as challenging, 
however, little is known about whether or how these behaviours may change over time. Given the profound 
impact that challenging behaviour can have on both the autistic individual and their support network, it is 
critical that the trajectory of challenging behaviours be better understood. This systematic review and meta- 
analysis identified and synthesised observational longitudinal studies of challenging behaviour in autistic in
dividuals. Fifty-six studies were included in the systematic review, and the effect sizes of 37 independent samples 
arising from 34 of these reports were examined through meta-analysis. Crucially, across the 37 samples, scores on 
the measures of challenging behaviour reduced by a small, yet significant, extent over time. Although age of the 
sample at baseline assessment did not moderate the effect, the time between the baseline assessment and final 
follow-up and age at final follow-up both moderated the magnitude of the effect, with challenging behaviour 
scores reducing to a larger extent in (a) studies with longer intervals between baseline and final follow-up and (b) 
studies with older samples at follow-up. The results from the current systematic review and meta-analysis have 
both theoretical and practical implications for understanding challenging behaviour over time in autistic in
dividuals. Avenues for future research are also highlighted that may allow better understanding, and therefore 
support of, challenging behaviour in autistic individuals.   

1. Introduction 

Autism spectrum disorder (ASD, hereafter autism) is a lifelong neu
rodevelopmental condition characterised by differences or difficulties in 
social communication as well as the presence of restricted and repetitive 
behaviours and interests (American Psychiatric Association, 2013). 
Population-based prevalence studies suggest that one in 54–100 in
dividuals have a diagnosis of autism1 (see review by Chiarotti & Ven
erosi, 2020). The prevalence of autism is higher in males than females 
(ratio male:females diagnosed is 3.8:1; Loomes, Hull, & Mandy, 2017) 
and in those with a co-occurring intellectual disability (ID; Tonnsen 
et al., 2016). One-third of autistic individuals have a co-occurring 
diagnosis of an ID (defined by intelligence quotient [IQ] ≤ 70 and dif
ficulties with adaptive functioning), with a higher rate in females than 
males (39% vs. 32%; Maenner et al., 2020). Autistic individuals are 
reported to show elevated rates of behaviours that may be described as 

challenging, hereafter referred to as challenging behaviours (McClin
tock, Hall, & Oliver, 2003; Simó-Pinatella, Mumbardó-Adam, Alomar- 
Kurz, Sugai, & Simonsen, 2019). The focus of this review and meta- 
analysis is on understanding the level of challenging behaviour over 
time and any moderators of change over time. 

1.1. Challenging behaviour in autistic individuals 

Autistic children and adults have an increased likelihood of showing 
challenging behaviour, or behaviours that challenge, compared to their 
neurotypical peers (McClintock et al., 2003) and individuals with other 
neurodevelopmental disorders (Simó-Pinatella et al., 2019). Emerson 
(1995, p. 44) defined challenging behaviour as culturally abnormal 
behaviour(s) of such an intensity, frequency or duration that the phys
ical safety of the person or others is likely to be placed in serious jeop
ardy, or behaviour which is likely to seriously limit use of, or result in 

* Corresponding author at: Autism Centre of Excellence, Griffith University, Messines Ridge Road, Mt Gravatt, Brisbane, QLD 4122, Australia. 
E-mail address: Dawn.Adams@Griffith.edu.au (D. Adams).   

1 The term autistic has been used in line with the preferred term of the community (Kenny et al., 2016), but the range of preferences for terms is acknowledged. 
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the person being denied access to, ordinary community facilities. 
Challenging behaviour is therefore an umbrella term for behaviours 
which include self-injurious behaviour, aggression, and destruction of 
the environment, amongst other behavioural topographies. Whilst a 
single term is used within this document to describe this range of be
haviours, this does not mean to imply that all topographies of chal
lenging behaviour should be considered as a single entity. Indeed, the 
aetiology of the differing forms of challenging behaviour places varying 
emphasis on specific neurobiological processes (e.g., pain) as well as 
social and non-social reinforcement at different stages of onset and 
maintenance for different topographies (see review by Vandewalle & 
Melia, 2021). Supports and strategies for different topographies also 
differ (Oliver et al., 2022). 

It is critical that the trajectory of challenging behaviours are un
derstood, as challenging behaviour of increasing severity can cause long- 
term damage or injury, result in residential placement, reduce quality of 
life, and impact the system of supports. Challenging behaviour is asso
ciated with poorer physical health outcomes (Oliver et al., 2003) and is a 
barrier to accessing healthcare to prevent or reduce these poor outcomes 
(Walsh, Lydon, O'Dowd, & O'Connor, 2020). Higher levels of chal
lenging behaviour are associated with reduced physical, social, and 
psychological quality of life in both autistic children and adults (Chiang 
& Wineman, 2014) as well as in their parents (e.g., Estes et al., 2009) 
and other family members (Yacoub, Dowd, McCann, & Burke, 2018). 
Challenging behaviour can also impact upon the well-being and stability 
of paid support professionals (Nevill, Istvan, & Havercamp, 2021). 

1.2. Prevalence of challenging behaviour in autistic individuals 

A large body of cross-sectional research has explored the prevalence 
of challenging behaviour in autistic individuals. Accurate prevalence 
estimates are difficult to determine due to methodological differences, 
variation in the definition of the behaviours being measured, and vari
ability in participant characteristics (Mazurek, Kanne, & Wodka, 2013; 
Summers et al., 2017). Further, population-based studies of challenging 
behaviour in autistic individuals are lacking (Soke, Rosenberg, Ham
man, et al., 2016). Large samples (N > 13,000) from national registers 
suggest that self-injurious behaviour occurs in approximately 30% of 
autistic individuals (Soke, Rosenberg, Hamman, et al., 2017); a meta- 
analysis of 37 papers (n = 14,379 participants) suggested a prevalence 
rate of 42% (Steenfeldt-Kristensen, Jones, & Richards, 2020). The 
prevalence of aggression (from samples of 1380 and 1584 children) is 
suggested to be 53–56% (Kanne & Mazurek, 2011; Mazurek et al., 
2013). The prevalence of some, but not all, challenging behaviours can 
vary based on the presence and level of co-occurring ID. For example, 
autistic children with a severe-profound ID were 1.84 times more likely 
to show self-injurious behaviour than those with an average or above- 
average IQ but ID did not impact prevalence of aggression (Kurzius- 
Spencer et al., 2018). Prevalence rates may also be impacted by an 
interaction between ID and the presence/absence of autism character
istics (Esteves, Perry, Spiegel, & Weiss, 2021). These findings suggest 
that IQ may be a factor contributing to some of the variability in prev
alence rates of differing challenging behaviours. 

While research has used a variety of methods to document preva
lence of challenging behaviours in autistic individuals, less is known 
about whether, or how, the level or severity of challenging behaviour 
changes over time or with age. This means that many important ques
tions about the trajectory of challenging behaviours in autistic in
dividuals remain unanswered. The trajectory of challenging behaviour 
across age for autistic individuals is very unlikely to be discovered or 
described by any single study but can be better addressed with meta- 
analytic methods that aim not only to document the levels of chal
lenging behaviour reported over time, but also to explore the factors 
which may impact any change reported across studies. In this study, we 
therefore aim to synthesise the longitudinal data on challenging 
behaviour in autistic individuals across the life course in order to 

identify stability or change in the level of such behaviours over time. 
Establishing the longitudinal trajectory of challenging behaviours is 

important in order to inform models of the development of these be
haviours as well as to inform systems and supports for the behaviour. 
The presence of challenging behaviour impacts the quality of life and 
well-being of the autistic individual (Chiang & Wineman, 2014) and 
those who support them (e.g., Totsika, Hastings, Emerson, Berridge, & 
Lancaster, 2011), and results in increased access to services (Adams 
et al., 2016). These relationships are stronger for chronic and persistent 
challenging behaviour (e.g., Adams et al., 2018). From a clinical 
perspective, being aware of the trajectory of challenging behaviours 
across different age groups will help services to plan effectively for the 
future needs of autistic individuals (Davies & Oliver, 2013). Such data 
could also help services to identify critical timepoints at which to 
intervene to prevent any escalation or increase in challenging behaviour 
from occurring and to assist services in planning for ongoing need for 
supports, particularly in light of an ageing population. 

1.3. Factors moderating the prevalence and severity of challenging 
behaviour in autistic individuals 

1.3.1. Age and time between assessments 
Few cross-sectional studies have reported on the level or severity of 

challenging behaviour in autistic individuals across the lifespan, with 
studies tending to focus on either younger or adult populations. Using a 
broad measure of challenging behaviour, Matson, Mahan, Hess, Fodstad, 
and Neal (2010) did not identify any significant differences in the level 
of challenging behaviour between young children (aged 3-6 years), 
children (7–10 years), or young adolescents (11–14 years). Aligning 
with this finding, based on 3317 parents or caregivers of autistic in
dividuals aged 2–61, a similar number of behavioural concerns were 
found across the school years (1.23 for age 5–11 years; 1.34 for age 
12–17 years). The number of behavioural concerns remained stable 
across the two adulthood groups (18–24 years, 25–61 years; both 1.19 
concerns), yet was significantly lower than that reported for the school- 
aged groups (Lai & Weiss, 2017). However, when different adulthood 
age grouping were used, a decline in challenging behaviour is reported 
in those aged 50 or above (Totsika, Felce, Kerr, & Hastings, 2010). 

Cross-sectional data suggests differing trajectories for different be
haviours which can be considered under the umbrella term of chal
lenging behaviour. Fodstad, Rojahn, and Matson (2012) reported a 
significant increase in the level of aggressive/destructive behaviours 
from 12 to 25 months (n = 147) to 26–39 months (n = 150), but no 
change with age for self-injurious behaviour. Given this potential for 
topography-specific developmental trajectories of challenging behav
iour in autistic individuals, some studies have focussed solely upon on 
specific behaviour. Duerden et al. (2012) reported no statistical change 
in severity of self-injurious behaviour from pre- to post-puberty. How
ever, it may be that changes occur later in life; based on a sample of 712 
autistic individuals, aged 2–62, Esbensen, Seltzer, Lam, and Bodfish 
(2009) reported a significant decrease in the severity of self-injurious 
behaviour with age. Similar to Totsika et al. (2010) finding reporting 
on a broader measure of challenging behaviour, the most notable 
decline was in those in middle adulthood and beyond (i.e., aged 40 
onwards). 

The potential importance of considering a broad age range is also 
apparent in literature focusing upon aggression. A number of studies 
using the Child Behaviour Checklist (CBCL) to measure aggression in 
samples of 147–169 1–5-year-old children did not find any association 
between level of aggression and age (Hartley, Sikora, & McCoy, 2008; 
Sikora, Hall, Hartley, Gerrard-Morris, & Cagle, 2008), which would 
suggest that the level of aggression remains stable over this develop
mental period. However, using the same measure, but with a larger 
sample size (n = 414) and a broader age range (1–21 years), Farmer 
et al. (2015) did report a decline in aggressive behaviour with age. Thus, 
proposing trajectories of challenging behaviour based on cross-sectional 
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data is problematic due to between-participant variability plus the 
inherent limitations in difficulties in separating out age-related versus 
cohort effects. This has led to a recognised need for more longitudinal 
studies documenting the presentation and level of challenging behav
iour for autistic individuals (Vandewalle & Melia, 2021). However, 
similar to the cross-sectional studies, due to differing samples and 
measurement approaches there is variability in the results of the longi
tudinal studies, with some suggesting an improvement (reduction) of 
challenging behaviours with age (e.g., Gray et al., 2012) while others (e. 
g., Rattaz, Michelon, Munir, & Baghdadli, 2018) suggest a more stable 
continuation and persistence of behaviours over time. Any analysis must 
therefore consider the age of the sample at onset as well as time between 
assessments, as age at follow-up may also impact the level of challenging 
behaviour documented. 

1.3.2. Sex 
Meta-analyses note an unequal ratio of males and females in autism, 

with a pooled estimate of fewer than four males to each female (Loomes 
et al., 2017). The impact of sex on the behavioural presentation of 
autistic males and females may be influenced by age (Fulton, Paynter, & 
Trembath, 2017), camouflaging (Tubio-Fungueirino, Cruz, Sampaio, 
Carracedo, & Fernandez-Prieto, 2021), and the socio-construction of sex 
in relation to both autism and behaviour (Ferri, Abel, & Brodkin, 2018). 
Given this, and the finding that sex is a risk factor for challenging 
behaviour in individuals with intellectual disabilities (McClintock et al., 
2003), it is important to consider the potential role of sex on the pre
sentation and severity of challenging behaviour in autistic individuals. 

Limited studies have explored sex-based differences in prevalence or 
severity of challenging behaviour in autistic individuals (Hartley & 
Sikora, 2009; Margari et al., 2019) and of those that have, most have not 
controlled for the other potential moderators discussed in this review. In 
general, studies have tended to find little difference between males and 
females pre-schoolers (Hartley & Sikora, 2009; Postorino, Fatta, De 
Peppo, & …& Mazzone, L., 2015), primary school aged autistic children 
(Nasca, Lopata, Donnelly, Rodgers, & Thomeer, 2020) or into adoles
cence (Brereton, Tonge, & Einfeld, 2006). In contrast, using data on 
2418 participants aged 4–18 from the Simons Simplex Collection, 
Frazier, Georgiades, Bishop, and Hardan (2014) reported more behav
ioural challenges in autistic females than autistic males and a meta- 
analysis of the prevalence of self-injurious behaviour in autism iden
tifies a higher prevalence of self-injury in males than females (Steen
feldt-Kristensen et al., 2020). There is therefore a clear need for a meta- 
analysis to combine samples and potentially overcome some of the 
previous limitations and explore the potential of sex as a moderator on 
the severity of challenging behaviour in autistic individuals. 

1.3.3. Intellectual disability 
There is some cross-sectional evidence to suggest that level of ID may 

have a differing impact on different topographies of challenging 
behaviour (McTiernan, Leader, Healy, & Mannion, 2011). Using ques
tions from standardised measures, a series of studies reported that lower 
levels of IQ, the presence of an ID, or lower levels of adaptive behaviour 
are associated with higher levels of aggression in cross-sectional studies 
of pre-schoolers (Hartley et al., 2008), school-aged children (Dominick, 
Davis, Lainhart, Tager-Flusberg, & Folstein, 2007), early childhood into 
adolescence (Hill et al., 2014), and adulthood (Rattaz et al., 2018). 
However, other studies (e.g., Sikora et al., 2008), including a large study 
from the Simons Simplex registry which reported on 1038 individuals 
aged 4–17 years (Kanne & Mazurek, 2011), reported that IQ is not 
correlated with, nor a significant predictor of, challenging behaviour in 
regression models. A recent meta-analysis of the literature reporting the 
prevalence of self-injurious behaviour (Steenfeldt-Kristensen et al., 
2020) suggested that level of ID is not significantly associated with the 
prevalence of self-injurious behaviour. However, a systematic review of 
the factors associated with self-injurious behaviour (Vandewalle & 
Melia, 2021) concluded that lower IQ and adaptive behaviour may be 

associated with greater severity or frequency of self-injurious behaviour. 
The heterogeneity of findings reported in the literature highlights the 
need to carefully differentiate between factors associated with preva
lence and those associated with severity or frequency of challenging 
behaviour, and longitudinal data are needed to explore whether such 
factors are impacting challenging behaviour over time. 

1.3.4. Measurement of challenging behaviour 
In longitudinal studies, measurement must be accurate to effectively 

assess progress (Reed and Osborne, 2013), to have sufficient reliability 
to not be impacted by changes in informants or staff, and to be sensitive 
enough to detect change over time. Alongside considering variability in 
measures used across studies, there is also notable variability in the 
score reported from specific measures. Many of the frequently used 
measures of behaviour can be reported as a subscale score or a total 
score, which may be calculated by summing scores from multiple sub
scales such as externalising behaviour, internalising behaviours, or so
matic problems. This means that while some studies report on a “broad” 
measure of behaviour, typically the measure's total score, others report 
on a “narrow” measure of challenging behaviour, such as the External
ising subscale or the Aggression Behaviour subscale of the Child 
Behaviour Checklist (CBCL; Achenbach & Rescorla, 2001). The poten
tially differing impact of exploring a concept with broad or narrow 
measures is highlighted by the contrasting results between meta- 
analyses on the social interaction and communication profiles in 
autistic males and females by Mahendiran et al. (2019), which used 
broad measures (e.g., total scores), and Wood-Downie, Wong, Kovshoff, 
Cortese, and Hadwin (2021), which focussed upon narrow measures. 

Combining internalising with externalising behaviours (alongside 
other areas) into a total score may have a particular impact on studies 
exploring the longitudinal course of challenging behaviour given the 
differing trajectories of internalising and externalising behaviours re
ported in autistic individuals with age. Whilst internalising behaviours 
are reported to increase from young childhood into older childhood 
(Varela, DuPont, Kamps, et al., 2020) and further increase from 
adolescence into adulthood before declining into older adulthood 
(Uljarevic et al., 2020), the studies described above suggest that exter
nalising behaviours may show the opposite pattern of decreasing into 
adolescence and into adulthood. When the scores reflecting an increase 
are combined with scores reflecting a decrease, the total score (a broad 
measure) may be a numerically similar score across ages or over time but 
may actually reflect a differing experience and presentation in different 
age groups. Exploring whether challenging behaviour was measured 
using a total score or with a subscale (or measure) specific to challenging 
behaviour impacts upon or moderates the course of challenging 
behaviour documented will therefore be an important element of un
derstanding the differing and often conflicting results reported across 
studies. 

1.4. The current study 

With the limited number of longitudinal studies reporting on chal
lenging behaviour in autistic individuals having variability in method
ology, measures, samples, and findings, it is difficult to interpret results 
and, as yet, no single review has brought together these findings to 
identify commonalities or differences. The lack of consistent research 
identifying potential risk factors for challenging behaviour also limits 
the ability to improve supports, strategies, and management of such 
behaviour (Soke et al., 2017). Therefore, this review will identify studies 
reporting longitudinal data on challenging behaviour in autistic chil
dren, adolescents, and adults using a meta-analytic approach in order to 
identify any change in levels of challenging behaviour across the life
span for autistic individuals. In addition to looking at whether the level 
of challenging behaviours changes over time, the review will also 
identify which factors have sufficient data to explore potential moder
ators of changes to levels of challenging behaviour over time and which 
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require further focus within future research. 
To the authors' knowledge, the present study is the first to identify 

and synthesise the literature which reports on longitudinal data to 
describe or examine the level of challenging behaviour (or specific 
challenging behaviours) over time in autistic individuals. As the focus is 
on levels of challenging behaviour over time, this study will only focus 
upon studies which are observational (i.e., studies which do not 
implement an intervention as part of the study design). The aim of the 
present study was therefore to use meta-analytic techniques to aggregate 
data from across multiple studies identified through a systematic review 
to address three unanswered questions about the longitudinal course of 
challenging behaviour in autistic individuals:  

1. How do the levels of challenging behaviour(s) change over time for 
autistic individuals?  

2. Does the extent of change reported in challenging behaviour(s) 
change depending on the measure used?  

3. Do individual or research design factors moderate the level of change 
in challenging behaviour reported, specifically, age at baseline, sex, 
presence of ID, time between baseline and final follow-up, drop-out 
rate, study quality, and measure of challenging behaviour used? 

1.5. Ethics 

The present meta-analysis used anonymized data and therefore was 
exempt from approval by the Ethics Committee of the authors' 
institution. 

2. Method 

The protocol for this systematic review was registered online with 
PROSPERO, an international register for systematic reviews with health- 
related outcomes (Registration number: CRD42020215938; uploaded as 
supplementary material). Preferred Reporting Items for Systematic Re
views and Meta-Analyses (PRISMA) standards were followed for all 
stages of this systematic review. 

2.1. Eligibility criteria 

Studies were included if they met the following inclusion criteria: (a) 
study must report data from a measure of challenging behaviour for 
autistic individuals (including questionnaires and observations, vali
dated or unvalidated, may or may not be focus of study) at multiple time 
points, with a minimum of 6 months between time points; (b) study is 
purely observational (i.e., does not report on an intervention imple
mented as part of the study); (c) study must involve a sample of humans 
with a diagnosis of autism (i.e., with diagnosis confirmed by educa
tional/clinical report or a standardised measure) and/or their care
givers; and (d) if there is a mixed-diagnosis sample, the data for the 
autistic participants are reported separately. Reviews, opinions, edito
rials, book chapters, and descriptive pieces were not included. No limit 
was placed on the age range of the autistic individuals. This a priori 
decision was made so that levels of challenging behaviour could be 
explored across the lifespan. 

2.2. Search strategy 

The electronic databases ERIC, MEDLINE, and PsycINFO were 
searched in April 2021 and updated in April 2022 and January 2023. 
The Cochrane library and PROSPERO database were searched to 
confirm that no other systematic reviews of the current study topic 
existed or were registered as being in progress. The search was restricted 
to reports published after 1994, aligning with publication of DSM-IV 
(American Psychiatric Association, 1994). Given that quality of each 
study would be reviewed and that the quality score is entered as 
moderator into the meta-analysis, gray and non-peer reviewed literature 

were included as an effective and transparent way to reduce the risk of 
publication or reporting bias and is in-line with recent recommendations 
(e.g. Johnson, 2021). The search terms were: autism (autis* OR 
asperger* OR asd OR pdd OR pervasive developmental disorder), chal
lenging behaviour (challenging behavi* OR aggressi* OR self injur* OR 
self-injur* OR maladaptive behavio* OR behavio* problem OR problem 
behavio* OR aberrant behavio* OR self-harm OR aggressive behavio* 
OR disruptive behavio* OR destructive behavio* OR destruction of 
property OR behavio* difficulties OR behavio* of concern OR behavio* 
challenge) AND (longitudinal* OR year* OR trajectory OR follow up OR 
cohort OR prospective). 

2.3. Review strategy 

When combined, electronic searches resulted in 5515 records being 
identified (see Fig. 1). Following removal of duplicates, the titles and 
abstracts of 3417 reports were assessed against inclusion criteria by the 
primary rater. A random sample of 20% was blind-double reviewed by a 
second rater, resulting in 97.5% agreement (Kappa = 0.90). Although 
inter-rater reliability at both stages of the screening process is necessary 
for clarity and consistency, it is conducted by <15% of published re
views (Belur, Tompson, Thornton, & Simon, 2021). Conducting inter- 
rater reliability on a subsample is accepted practice when a review is 
large and resources are limited (Petticrew & Roberts, 2008). The reports 
where ratings differed were all included by the primary rater and 
excluded by the second rater, meaning that the reports that went 
through to full-text review were more likely to be overly inclusive. 
Where inclusion or exclusion could not be determined by the title and 
abstract alone, the full text of 525 reports was assessed by a primary 
rater. A random sample of 20% of the full-text reports were also double 
reviewed by a second rater who was blind to the other researcher's 
ratings, resulting in a 97.9% agreement (Kappa = 0.9). The two reports 
that differed in ratings were rated by a third rater. Following this, 56 
studies met full inclusion for the review. 

2.4. Data extraction and synthesis 

For each paper, information extracted included study details 
(including geographical location of study), sample characteristics (sex, 
prevalence of ID, age), and study design (measure of CB used, time be
tween data points). Data from the measure of challenging behaviour 
used in the study, including effect sizes for change over time, were also 
extracted. Data extraction was undertaken for all included papers 
independently by two of the authors; 100% agreement was reached. A 
few studies reported exact mean time between assessments, but as per 
Sowislo and Orth (2013) where valid indicators of time between as
sessments were given, this information was used to estimate the 
variable. 

2.5. Meta-analytic procedure 

Meta-analysis data were analysed using Stata v. 17 (StataCorp, 
2021). A study was included in the meta-analysis if it contained suffi
cient data to calculate Cohen's d effect size, using the hierarchy of pro
cedures described below. If a cohort was analysed by more than one 
study (either in its entirety or a subsample of the larger cohort), only one 
study (the one with the largest sample size reporting on a standardised 
measure of challenging behaviour or where that was equal, the one with 
the longest follow-up) was included in the meta-analysis to ensure in
dependence of effect sizes. This resulted in 16 studies not being included 
(see Research Team and Study Design subsection of Results for overlap 
in study cohorts). Where a study reported sufficient data to calculate an 
effect size on multiple subscales from a measure of behaviour (e.g., the 
total and externalising subscale), the a priori decision was taken to enter 
data from the externalising subscale into the meta-analysis. If the study 
did not report on, or did not report sufficient data on the externalising 
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subscale, then data from the total score was entered. Studies included in 
meta-analysis are marked with an asterisk in Table 1. 

The effect size used (Cohen's d) was interpreted using Cohen (1988) 
guidelines, with d = 0.2 a small effect size, d = 0.5 a medium effect size, 
and d = 0.8 a large effect size. Cohen's d was calculated so that a positive 
effect size represents improvement in challenging behaviours over time. 
When not reported in the article, Cohen's d was calculated based on the 
difference between means (i.e., initial vs. final follow-up) divided by 
pooled standard deviation. If standard errors were given, these were 
transformed into standard deviations and entered into the above
mentioned formula. If relevant standard deviation or standard error 
values were missing, associated F- or t-values were used in conjunction 
with applicable means to calculate pooled standard deviation (Johnson 
& Eagly, 2014). Where the relevant F- or t-value was missing, associated 
p-value was used to calculate the t-value, which was then used to obtain 
the pooled standard deviation (Johnson & Eagly, 2014). Finally, Hedges' 
(1981) adjustment was applied to calculate unbiased estimates of 
Cohen's d. Unbiased estimates of Cohen's d, on average, neither over- nor 
under-estimate effect size, so the use of such an adjustment is particu
larly important when conducting a meta-analysis incorporating small 
sample sizes due to the associated risk of overestimating effect size 
(Cumming, Fidler, Kalinowski, & Lai, 2012). Estimates of standard error 
around unbiased Cohen's d were calculated using Lipsey and Wilson 
(2001) formula recommended for within-subjects designs. 

2.6. Assessment of study quality 

Included studies were evaluated for methodological quality using the 
National Institute for Health Quality Assessment Tool for Observational 
Cohort and Cross-Sectional Studies (available from https://www.nhlbi. 
nih.gov/health-topics/study-quality-assessment-tools). This 14-item 
questionnaire includes questions on multiple aspects of study design 
including study objective, study sample, and population, and the inde
pendent and dependent variable selection and measurement. Of the 14 
items, one was considered to not be applicable to the current study (i.e., 
Item 8; “For exposures that can vary in amount or level, did the study 
examine different levels of the exposure as related to the outcome?”). As 
a result, the included studies were rated against 13 items. A global score 
of 26 could be allocated, with 2 points being allocated for each item 
addressed by the article, 1 point for items that might have been 
addressed (but were unclear), and 0 points for each item not addressed. 

3. Results 

3.1. Included reports 

Overall, 56 reports were included in the systematic review, and these 
are summarised in Table 1. Fifty-four reports were peer-reviewed arti
cles, and two were dissertations. Using the process documented in the 
data analysis section, 32 articles had sufficient and independent data to 
be entered into the meta-analysis (marked with ^ in Table 1). 

Fig. 1. PRISMA diagram.  
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Table 1 
Studies Included in the Review (^ indicates papers included in meta-analysis).  

Study T1 
N 

T1 Age in years 
(mean, SD, 
range) 

Time from 
T1 to final 
timepoint 

Final 
timepoint age 
(mean, SD, 
range) 

T1% 
male 

T1% 
ID 

Sampling technique, 
country 

Consider 
interventions? 

CB measure Number of time 
points 
behaviour 
reported 

Sig. change 
over time 

d d 

^ Anderson, Maye, and Lord 
(2011) 

65 9.75 (2.22) 9 years 18.1 (1.86) 90 NSb Agencies, USA Medication, therapy ABC Irritability, 
Agitation, & 
Crying 

M = 14 (4.56) ↓ * 0.91 

Baghdadli et al. (2012) 152 4.9 (1.3) 10 years 15 (1.6) 82.2 NSb Epi-TED cohort, France Yes – 
therapy 

T1 Self-injury 
absent/mild/ 
mod/ 
severe rating, T3 
ABC Item 52 

3 NS NA 

Baker, Seltzer, and 
Greenberg (2011) 

149 14.77 (1.89) 3 years 17.82 (2.06) 74 56 AAA study, USA No SIB-R MBP 2 ↓* NA 

Baker, Smith, et al. (2011) 117 19.77 (6.72) 
11.3–48.2 

7 years NS 77 57 AAA study, USA No SIB-R MBP 4 ↓* NA 

Ballaban-Gil, Rapin, 
Tuchman, and Shinnar 
(1996) 

99 6.8 
0.8–20.3 

11.3 years 18.1 (NS) 
12–29.5 

75 61 Clinic, USA Medication Parent report 
during interview 

2 NSc NA 

^ Berkovits et al. (2017) 108 5.7 (1.1) 10 months NS 82.4 12 Agencies, schools, support 
groups, USA 

No CBCL Total 2 ↔ − 0.16  
CBCL EXT 2 ↑* NA 

^ Bos, Diamantopoulou, 
Stockmann, Begeer, and 
Rieffe (2018) 

60 11.65 (1.3), 
9–15 

1.50 years NS 100 0 From larger study that 
recruited from clinic, 
Netherlands 

No CSI, Disruptive 
Behaviour Scale 

3 ↓* 0.18 

^ Breeman et al. (2018) 122 10.2a (1.15) 
6–13 

NS (< 1 year) NS 100 NSb Schools, Netherlands Yes Peer nominations 
of disobedience 

3 ↑* − 0.46 

^ Capal et al. (2020) – 
Seizure group 

22 6.3 (3.51) 3.93 years 10.2 (3.62) 73 53 ATN-RCBA, USA Medication ABC Irritability, 
Agitation, & 
Crying 

2 ↓* NA  

CBCL EXT 2 ↓* 0.11 
^ Capal et al. (2020) – Non- 

seizure group 
450 5.88 (3.13) 3.73 years 9.62 (3.17) 83 43 ATN-RCBA, USA Medication ABC Irritability, 

Agitation, & 
Crying 

2 ↔ NA  

CBCL EXT 2 ↔ 0.27 
^ Carr and Lord (2013) – 

Caucasian 
80 8.96 (1.28) 5 years 14.13 (0.21) 90 NSb Clinic, USA Therapy ABC TBP 2 NSc 0.16 

^ Carr and Lord (2013) – 
African American 

68 10.12 (1.06) 5 years 14.21 (0.26) 87 NSb Clinic, USA Therapy ABC TBP 2 NSc 0.12 

^ Chandler et al. (2016) 93 6.83 (1.2) 1.17 years NS 77 NSb Clinic, UK No DBC TBP 2 ↓* 0.63   
2 ↓* NA 

^Chowdhury, 2012 143 5.22 5 years 10.39 (2.67) 76 NSb Clinic, USA Medication, Therapy NCBRF 2 ↓* 0.23 
^ Dellapiazza, Michelon, 

Picot, and Baghdadli 
(2021) 

51 5.5 (2.1) 2.90 years 8.6 (2.1) 85 42 From ELENA cohort, 
France 

No ABC Irritability, 
Agitation, & 
Crying 

2 ↔ 0.22 

^ Dieleman, De Pauw, 
Soenens, Beyers, and 
Prinzie (2017) 

139 10.2 (2.4) 
5.1–6.2 

9 years 16.0 (2.3) 
11.6–22.6 

83 11 Services, Belgium Medication, other 
supports 

CBCL EXT 3 ↓* 1.03 

^ Eisenhower et al. (2015) 166 5.75 
4–7 

1.50 years NS 82 NS Schools, services, clinics, 
support groups, USA 

No TRF/CTRF EXT 
Problems 

3 ↓* 0.29 

^ Estes, Rivera, Bryan, Cali, 
and Dawson (2011) 

30 6 3 years 9 (NS) 83 0 Subset from ongoing 
study, USA 

No ABC Irritability, 
Agitation, & 
Crying 

2 NSc NA      

(continued on next page) 

D. A
dam

s et al.                                                                                                                                                                                                                                  



ClinicalPsychologyReview
104(2023)102320

7

Table 1 (continued ) 

Study T1 
N 

T1 Age in years 
(mean, SD, 
range) 

Time from 
T1 to final 
timepoint 

Final 
timepoint age 
(mean, SD, 
range) 

T1% 
male 

T1% 
ID 

Sampling technique, 
country 

Consider 
interventions? 

CB measure Number of time 
points 
behaviour 
reported 

Sig. change 
over time 

d d 

^ Gallagher, Pilch, and 
Hannigan (2018) 

34 9 4 years 13 (NS) NS 0 Growing up in Ireland 
epidemiological study, 
Ireland 

No SDQ Total 
Difficulties 

2 ↔ 0.20 

^ Gray et al. (2012) 119 8.7 (4.3) 
2.8–19.8 

16 years 24.8 (4.7) 
17.1–35.2 

82 82 ACAD study, Australia Noted at T1 DBC-MIS 5 ↓* 0.65              

Greenberg et al. (2006) 149 19.9 (7.84) 
11.3–48.9 

1.50 years NS 76 57 AAA study, USA No SIB-R EXT 2 NS NA 

Hartley et al. (2012) 199 20.2 (67.6) 6.98 years NS NS 59 AAA study, USA No SIB-R MBP 4 NSc NA 
^ Hastings (2007) 24 9.8 (4.04), 3- 

19a 
2 years 11.72 (3.92) 

6–20 
49a 37a NS, UK No SDQ Total 

Difficulties 
2 NSc 0.36 

Helverschou et al. (2021) 132 28.6 (10.6) 
16–66 

2 years NS 67 100 Norway No ABC Total 3 ↓* NA 

^ Herring et al. (2006) 84 3.1 (0.59) 1 year 4.2 (0.6) 89 89 Clinic, Australia No DBC TBP 2 ↔ − 0.11 
^ Hickey, Bolt, Rodriguez, 

and Hartley (2020) 
166 9.1 (2.3) 2 years NS 86 35 Mailings to schools, 

childcare centres, clinics, 
community settings, 
stores, USA 

No TRF Total 3 NSc − 0.01 

Hsiao et al. (2022) 121 10.3 (3.3) 3.2 years 13.3 (3.5) 88 NS Clinic, Taiwan  CBCL Aggression 2 NS NA 
Kring et al. (2009) 275 24.8 (9.4) 

12.7–51.8 
1.50 years NS 76 68 AAA study, USA No SIB-R BPS 2 ↓* NA 

^ Kuo, Magill-Evans, and 
Zwaigenbaum (2015) 

29 15.1 (2.3) 1 year NS 90 NS Services, support 
organisations, Canada 

No CBCL EXT 2 NSc 0.26 

^ Laverty, Oliver, Moss, 
Nelson, and Richards 
(2020) 

67 13.4 (7.7) 10 years 23.9 (7.7) 81 NS Autism parent group, UK Access to 
paediatrician 

(CBQ) SIB 
present/absent 

3 ↓* 0.37 

^ Li, Bos, Stockmann, and 
Rieffe (2020) 

57 4.6 (1.0) 
1.8–5.9 

2.10 years NS 100 0 Autism clinic, Netherlands  
No 

ECI-4 EXT 3 NSc 0.18 

^ Libove et al. (2017) 13 11.0 (1.3) 
8–12 

2.38 years 13.6 (1.7) 
9–16 

100 0 Recruited for longitudinal 
neuroimaging study, USA 

Medication, Therapy CBCL EXT 2 ↓* 0.64 

^ Lin, Iao, Lee, and Wu 
(2021) 

75 2.1 (0.4) 1.50 years 3.6 (0.9) 83 NS Clinic, Taiwan Therapy CBCL EXT 2 NSc 0.23 

Martin-Borreguero et al. 
(2021) – Regression 

19 3.6 (± 0.9) 2 years NS 85 NS NS, Spain Parents agreed to 
make no changes to 
any psycho 
educational 
treatment. Children 
on medications 
excluded 

SDQ Total 
Difficulties 

2 ↔ NA 

Martin-Borreguero et al. 
(2021) – No regression 

33 3.6 (± 0.9) 2 years NS 82 NS SDQ Total 
Difficulties 

2 ↔ NA 

^ May, Cornish, and 
Rinehart (2014) 

56 Females: 9.7 
(1.86). 
Males 10.5 
(1.93), All: 
7–12 

1 year NS 50 0 Clinics, autism register, 
Australia 

Medication Conners 
Aggression 

2 NSc − 0.13−
0.02 

Mazurek et al. (2019) 437 5.07 (2.14), 
2–10 

3.93 years 8.90 (2.23) 83 NSb ATN-RCBA, USA Medication CBCL Aggressive 
Behaviour Scale 

2 NSc NA 

Melville et al. (2008) 50 37.8 (14.1) 2 years NS 77 100 Services, UK Medication C21st Health 
Check Problem 
Behaviours score 

2 NSc NA 

Orm, Øie, Fossum, 
Andersen, and Skogli 
(2021) 

26 12.0 (2.3) 2 years 14.2 (2.4) 64 0 Hospital clinics, Norway No CBCL 
Externalising 

2 ↓* NA 

(continued on next page) 
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Table 1 (continued ) 

Study T1 
N 

T1 Age in years 
(mean, SD, 
range) 

Time from 
T1 to final 
timepoint 

Final 
timepoint age 
(mean, SD, 
range) 

T1% 
male 

T1% 
ID 

Sampling technique, 
country 

Consider 
interventions? 

CB measure Number of time 
points 
behaviour 
reported 

Sig. change 
over time 

d d 

^ Osborne, McHugh, 
Saunders, and Reed 
(2008) 

83 8.8 10 months NS 97 NS Local education 
authorities, UK 

No SDQ Total 
Difficulties 

2 ↓* 0.31 

Peters-Scheffer, Didden, 
and Korzilius (2012) 

102 1.93 (0.65) 2 years NS 75 100 Previous/ 
ongoing study, 
Netherlands 

No CBCL Total 3 NSc NA 

Peverill et al. (2019) 363 3.23 (0.73) 
12–5 

NS 3.98 (0.8) 84 NS Pathways in ASD cohort, 
Canada 

No CBCL Ext. 4 NSc 0.41 

Piro-Gambetti, Rodriguez, 
Papp, Greenlee, and 
Hartley (2021) 

188 7.9 (2.3) 11.7 months 
(3.7) 

NS 86 34 Adverts, letters, clinics, 
USA 

No CBCL Total 4 ↓ 0.35 

Rabbani et al. (2021) 150 NS 1 year NS 80 NS Clinics, Bangladesh No Study specific 
measure 

52 Mixed due to 
COVID 
lockdowns 

NA 

^ Rattaz et al. (2018) 106 15 (1.3) 
13–17 

5 years 20.6 (1.5) 
18–23 

85 75 Epi-TED cohort, France No ABC Irritability, 
Agitation, & 
Crying 

2 ↔ NA 

Reed et al. (2012) 
–Mainstream school 
group 

NS 8.8 (3.5) 4–16) 10 months NS NS NSb Mainstream schools, UK No SDQ Total 
Difficulties 

2 ↔ NA 

^ Reed et al. (2012) – 
Special education group 

NS 8.2 (2.7) 4–16) 10 months NS NS NSb Special schools, UK No SDQ Total 
Difficulties 

2 ↓* 0.38 

Rice et al. (2016) 98 8.14 
(4.01) 

18 years 24.03 (4.45) 86 45 ACAD study, Australia No DBC (set items) 5 Mixed NA 

Roselló Miranda, Berenguer 
Forner, Baixauli Fortea, 
& Miranda Casas (2022) 

52 8.56 (1.38) 
7–11 

5 years 12.9 (0.9) 
12–15 

92.3 0 Schools, clinic, Spain Medication SDQ Total 
Difficulties 

2 NS NA 

Sacrey et al. (2015) 62 0.51 (0.4) 1.5 years 2.5 (0.5) 77 NSb Previous/ 
ongoing study, Canada 

No Non-S 6 NS NA 

Shattuck et al. (2007) 241 22.0 (9.7) 
10–52 

4.50 years NS 766 69 AAA study, USA No SIB-R EXT, MBP 2 ↓* NA 

^ Simonoff et al. (2013) 81 NS 4 years 15.5 (0.4) 
14.7–16.8 

93 NSb SNAP cohort, UK No SDQ Total 
Difficulties 

2 ↓* 0.58 

^ Siracusano et al. (2021) – 
Preschoolers  

4.0 8 months NS 76 12 Clinic, Italy Therapy, parents 
support 

CBCL Total, EXT 2 ↔ 0.13 

^ Siracusano et al. (2021) – 
School attenders  

9.0 10 months NS 83 42 Clinic, Italy  CBCL Total, EXT 2 ↔ 0.00 

^ Soke (2015)  6.0 (3.4) 1.04 years NS 82 NS ATN Registry No PCQ 2 NS 0.99 
Taylor and Seltzer (2010) 242 16.3 (3.1) 

10.1–23.5 
10 years NS 73 63 AAA study, USA No SIB-R Total, EXT 5 ↓*before high 

school exit 
then ↔ 

NA 

^ Totsika et al. (2013) 132 3 2 years 5.22 (NS) 
5.18–5.26 

82 22 Millennium cohort study, 
UK 

No SDQ Total 
Difficulties 

2 NSc − 0.16 

^ Vaillancourt et al. (2017) 367 3.2 (0.7) 3.24 years NS 84 NS Pathways in ASD cohort, 
Canada 

No CBCL EXT. 4 ↓* 0.40 

Woodman et al. (2015) 313 21.7 (9.45) 
10–49 

8.50 years NS 75 69 AAA study, USA No SIB-R EXT, MBP 2 ↓* NA 

^ Woodman et al. (2016) 364 21.85 (9.42) 
10.15–52.08 

8.22 years 
(3.07) 

31.07 (8.85) 
19.79–58.83 

74 70 AAA study, USA No SIB-R Total, MBP 6 ↓* 0.55 

Zaidman-Zait et al. (2014) 184 3.4 (0.5) 3 years NS 84 NSb Pathways in ASD cohort, 
Canada 

No CBCL EXT 3 NSc 0.31 
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3.2. Research team and study design 

The research was conducted in 13 countries: the most frequent being 
United States (n = 22), United Kingdom (n = 8), Canada (n = 5) and 
Australia (n = 5). Due to the nature of the review, all studies were 
longitudinal, the number of data collection points ranging from two to 
52. Time between baseline and final data collection ranged from 9 
months to 16 years (M = 3.55 years). 

A number of studies reported upon data collected as part of larger 
and/or ongoing cohorts, which is important to consider when inter
preting the results of the systematic review due to the potential for 
overlapping study designs and participants. Nine reports (Baker, Seltzer, 
& Greenberg, 2011; Baker, Smith, Greenberg, Seltzer, & Taylor, 2011; 
Greenberg, Seltzer, Hong, & Orsmond, 2006; Hartley, Barker, Baker, 
Seltzer, & Greenberg, 2012; Kring, Greenberg, & Seltzer, 2009; Shattuck 
et al., 2007; Taylor & Seltzer, 2010; Woodman, Smith, Greenberg, & 
Mailick, 2015; Woodman, Smith, Greenberg, & Mailick, 2016) reported 
on data from the Adolescents and Adults with Autism (AAA) cohort; 
three (Peverill et al., 2019; Vaillancourt et al., 2017; Zaidman-Zait et al., 
2014) reported on participants from the Pathways in ASD cohort; and 
two (Gray et al., 2012; Rice et al., 2016) reported on data from the 
Australian Child to Adult Development (ACAD) study. There was also 
overlap in participants and/or datasets used between Baghdadli et al. 
(2012) and Rattaz et al. (2018; Epi-TED cohort), Capal, Macklin, Lu, and 
Barnes (2020) and Mazurek et al. (2019; Autism Treatment Network 
Registry Call Back Assessment), and Berkovits, Eisenhower, and Blacher 
(2017) and Eisenhower, Blacher, and Bush (2015). 

3.3. Quality of included studies 

Ratings using the Quality Assessment Tool for Observational Cohort 
and Cross-Sectional Studies (13 items; maximum 26 points) ranged be
tween 13 and 22 (M = 18.01, SD = 2.36). None of the included studies 
met all the criteria on the Quality Assessment Tool for Observational 
Cohort and Cross-Sectional Studies. The most commonly met criteria 
(met by 100% of studies) were those that aligned with the inclusion 
criteria of this review i.e. that articles specified and defined their study 
population and were aware of each participant's diagnosis of autism 
prior to measuring challenging behaviour. The least commonly met 
criteria, or ones that were least commonly reported upon, were sample 
size justification or power analysis (6% of studies) and whether the 
outcome assessors (i.e., those rating challenging behaviour) were blind 
to the participants' diagnosis of autism (0% of studies). It is notable, 
however, that fulfilling this latter criterion is not possible when 
exploring parent-reported challenging behaviour due to parents' 
knowledge of their child's diagnosis. Furthermore, loss to follow-up was 
<20% for only 46% of studies. Overall, in accordance with the GRADE 
approach, given that all studies were observational in nature, the initial 
certainty in an estimate of effect is low. 

3.4. Participants 

Sample sizes ranged from 13 to 1603. Larger samples tended to be 
drawn from large datasets or the ongoing cohorts noted above. Ten 
studies solely recruited through clinics or services, four solely through 
schools or education authorities. Three did not state their recruitment 
method. 

The average percentage of males was 82.1%. Four studies did not 
report on the gender of the participants within the sample. The average 
mean cohort age was 10.16 years (SD = 7.10 years), with samples 
reporting age ranges of 6 months up to 66 years. Twenty-three studies 
did not report the proportion of participants with an ID. The average 
proportion of participants with an ID in the 34 studies that did report 
this was 42.8% (SD = 34.88%). Eight studies did not include participants 
with an ID; in three studies all participants had ID. Medications and 
therapy (related or not related to challenging behaviour) accessed A
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between assessments was reported in 19 of the studies. 

3.5. Measure of challenging behaviour used 

Fifty-four (96%) of the studies used a standardised, published 
questionnaire. The majority of studies reported upon broad measures of 
behaviour, such as the Child Behaviour Checklist (CBCL; Achenbach & 
Rescorla, 2001; n = 13), Aberrant Behaviour Checklist (ABC; Aman & 
Singh, 1986; n = 10), the Scales of Independent Behaviour – Revised 
(SIB-R; Bruininks, Woodcock, Weatherman, & Hill, 1996; n = 9), the 
Strengths and Difficulties Questionnaire (SDQ; Goodman, 1997; n = 8), 
and the Developmental Behaviour Checklist (DBC; Einfeld & Tonge, 
2002; n = 4). All of the studies reporting on the SIB-R were reporting on 
the same cohort of participants (i.e., AAA study). 

Some studies reported total scores or total maladaptive behaviour 
scores, others reported subscale scores. For the CBCL, three studies re
ported the total score, 11 reported the Externalising subscale (three of 
which were reporting on the same cohort), and two the Aggressive 
Behaviour subscale. For the ABC, two studies reported the total score 
and five the Irritability, Agitation, and Crying subscale (which contains 
items relating to self-injury, aggression and other challenging behav
iours). For the SIB-R, seven reported the Maladaptive Behaviour Prob
lems total score (all from the same cohort) and five reported the 
Externalising subscale (three from the same cohort). Studies reporting 
on the SDQ predominantly used the total score (n = 9). Three of the four 
studies reporting on the DBC reported the total score, two also reported 
the Disruptive Behaviour subscale score, and one reported on specific 
items. Only three studies reported on data from informants other than 
parents/caregivers: two (Chandler et al., 2016; Hickey et al., 2020) used 
teacher data on a standardised questionnaire and one (Breeman et al., 
2018) used peer nominations of disobedience. 

3.6. Change in behaviour score over time 

Due to the inclusion criteria for the study, all studies reported on data 
from the measure of behaviour across multiple time points of the study. 
However, the level or prevalence of behaviour was not the focus of all 
studies, so only 33 studies statistically explored the change in behaviour 
over time (see Table 1 for a summary). Of these, only two studies 
Breeman et al. (2018) reported a significant increase in challenging 
behaviour over time over time. Used peer nominations of disobedience, 
suggesting that over time, children rate a higher number of peers as 
being disobedient to the teacher. The other study to report a significant 
increase was in the context of mixed results; Berkovits et al. (2017) 
found mixedreport a significant increase in the CBCL score over time, 
but no significant difference in the CBCL total score. Five studies re
ported mixed outcomes across measures, subgroups, or across time
points. For example, Taylor and Seltzer (2010) noted a significant 
decline on SIB-R Total score prior to leaving high school, then no sig
nificant change beyond high school. 

Six studies reported no significant change on the measures of chal
lenging behaviour over time: three of these reported on samples that 
were preschoolers at Time 1, and three reported on samples that were 
school aged at Time 1. Two studies used the ABC, two used the SDQ, one 
used the DBC, and one used the CBCL. 

Twenty-one studies reported a significant decline in scores on the 
measures of challenging behaviour over time; however, it is important to 
note that six of these were from the same cohort (AAA). Fourteen of 
these studies reported on cohorts that were school aged at Time 1, five 
reported on adults from the AAA cohort, and two reported on a cohort of 
children who were preschoolers at Time 1. All seven of the studies that 
reported a significant decline on the SIB over time were using data from 
the AAA cohort. Four studies used the CBCL, two the DBC, two used the 
SDQ, two the ABC and one each used the CSI, TRF, NCBRF, and CBQ. 

As there may be specific changes for specific subscales or behaviours, 
the findings for specific subscales and behaviours are synthesised below. 

Five studies reported statistical comparisons for two or more timepoints 
from the Irritability, agitation and crying subscale of the ABC (which 
contains items such as ““injures self”, “does physical violence to self”) 
and aggression (e.g. “aggressive to others”. Of these, two reported a 
significant decline over time and three reported no change. Some sta
tistical comparisons on behaviour-specific subscales were only reported 
within one study; these reported significant declines on the CSI 
Disruptive Behaviour subscale, DBC Disruptive behaviour subscale, and 
the CBQ self-injurious behaviour (present/absent) subscale. 

3.7. Meta-analysis 

Due to the significant heterogeneity reported in the literature sur
rounding challenging behaviour in autistic individuals (Mazurek et al., 
2013; Summers et al., 2017), a random-effects model was used for all 
analyses. In addition, a standard test of heterogeneity (Cochrane's test; 
DerSimonian & Laird, 1986) was used to test heterogeneity within our 
sample. In the current sample, Cochran's Q = 712.58, p < .001. This 
statistically significant finding suggests that the variance across studies 
is due to more than just sampling error. Furthermore, I2 was used as an 
indicator of the percentage of heterogeneity present between studies, 
with I2 = 25% indicating a small amount of heterogeneity, I2 = 50% 
indicating a medium amount of heterogeneity, and I2 = 75% indicating a 
large amount of heterogeneity (Higgins & Thompson, 2002; Higgins, 
Thompson, Deeks, & Altman, 2003). A large amount of heterogeneity 
remained in the current meta-analysis, with the analysis explaining 
7.89% of the total between-study variation (I2 = 92.11%). Such a finding 
is unsurprising given that the hypotheses of this meta-analysis relate to 
the use of different methods (e.g., different outcomes, different ages, 
etc.). 

3.7.1. Levels of challenging behaviour over time 
To statistically examine whether there is any change in the level of 

challenging behaviour reported with time, a meta-analysis was under
taken on 37 samples from 34 of the 56 articles identified in the sys
tematic review. Cohen's d was calculated from 37 independent samples 
from 34 papers. Sample sizes of the studies within the meta-analysis 
ranged from 13 to 1603 participants (M = 140.43, SD = 262.25), with 
a total of 5196 participants represented in the meta-analysis overall. The 
calculated effect sizes ranged from − 0.46 to 1.03 (M = 0.28, SD = 0.32), 
with 30 of the 37 effect sizes being positive (i.e., indicating improvement 
in challenging behaviour over time). Using a random-effects model, the 
weighted mean effect size was 0.28 (95% CI = 0.17, 0.39), and was 
found to be significantly greater than zero (z = 4.87, p < .001; see 
Fig. 2). Therefore, across studies, challenging behaviour improves to a 
significant, albeit small, extent over time. 

A sensitivity analysis was conducted to ascertain any change in the 
estimated overall mean effect size in the context of a small (as opposed 
to large) level of heterogeneity. Assuming I2 = 25%, the estimated mean 
effect size was 0.34 (95% CI = 0.30, 0.38) and was found to be signif
icantly greater than zero (z = 17.19, p < .001). Therefore, even with 
small levels of heterogeneity, challenging behaviour was still observed 
to improve to a significant and small extent over time. Of note is that 
when the model was run excluding the two dissertations (“gray litera
ture”), the results remained unchanged: the mean effect size of the 
model with only peer-reviewed articles was 0.26 (95% CI = 0.15, 0.37) 
and remained significantly greater than zero (p < .001). 

An influence analysis was conducted to determine the impact of in
dividual studies on overall pooled effect size, allowing for identification 
of potential outliers. As the point estimate for each included study fell 
within the confidence interval of the combined analysis (i.e., between 
0.17 and 0.39), no individual studies were removed. The point estimates 
for individual studies ranged from 0.26 to 0.30. 
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3.7.2. Impact of broad and narrow measures of behaviour on heterogeneity 
of results 

Due to the presence of substantial heterogeneity in the current 
sample, a subgroup analysis was undertaken to investigate whether the 
rate of improvement in challenging behaviour varies based upon the 
outcome measure used. Of the 37 samples included, 20 compared 
changes in challenging behaviour over time as measured by a total 
challenging behaviour score (i.e., a broad measure), while 17 compared 
such change using an externalising behaviour score (i.e., a narrow 
measure) only (see upper half of Table 2). The weighted mean effect size 
was significantly greater than zero for samples that measured change in 

challenging behaviour over time using (1) a total score from a broad 
behaviour measure and (2) observed externalising behaviours specif
ically, suggesting observed challenging behaviour improves to a signif
icant, albeit small extent over time in autistic individuals when 
measured by either a broad or narrow measure. While 92.1% of the total 
between-study variation in the overall meta-analysis was systematic, 
stratifying by outcome measure indicated 91.5% systematic variance 
within broad measures and 91.8% systematic variance within narrow 
measures, indicating similar levels of heterogeneity when externalising 
behaviours are measured specifically (Qb = 0.01, p = .904). 

τ

θ θ

θ

Fig. 2. Forest plot of effect sizes.  
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3.7.3. Impact of recruitment method on heterogeneity of results 
A second subgroup analysis was undertaken to investigate whether 

the rate of improvement in challenging behaviour varies based upon the 
recruitment used (i.e. recruited from the community, clinic, or a mix). Of 
the 37 samples included, 15 recruited their participants through clinics 
or services, six through community or educational settings only, 15 
through both clinics and schools and one did not state their recruitment 
method (see lower half of Table 2). The weighted mean effect size was 
significantly greater than zero for all studies that used all three 
recruitment methods, suggesting observed challenging behaviour im
proves to a significant, albeit small extent over time in autistic in
dividuals regardless of whether the sample was recruited through a 
clinic, through non-clinical/community settings or a mix of both. While 
92.4% of the total between-study variation in the overall meta-analysis 
was systematic, stratifying by recruitment method indicated 84.7% 
systematic variance within studies that recruited clinical samples, 
88.48% systematic variance for the non-clinical samples and 95.4% 
systematic variance for samples recruited using both clinical and non- 
clinical settings. This indicates similar levels of heterogeneity when 
different recruitment methods are used (Qb = 2.17, p = .338). 

3.8. Moderator analyses 

Meta-regression analyses were conducted to investigate whether age 
of participants at baseline, time between baseline and the final measure, 
the proportion of males and those with an ID within the sample, the 
outcome measure used (broad vs. specific), study quality, and dropout 
rate moderate the degree to which challenging behaviour changes over 
time in autistic individuals (see Table 3). The unbiased effect size of each 
study represents the outcome variable (such that positive effect sizes 
represent a reduction in challenging behaviour over time), and random- 
effect weights were used within the meta-regression model. Age at 
recruitment, age at final time point, time between baseline and the final 
measure, proportion of males within a sample, the proportion of par
ticipants with an ID within a sample, and study quality were continuous 
variables, and as such, dummy coding was not required. The type of 
outcome measure used had two levels (narrow vs. broad) and so was 

dummy coded such that the reference category was the category of 
studies with the smallest effect size (i.e., externalising behaviour). 
Similarly, dropout rate had two levels (low, <20% vs. high, >20%2) and 
so was dummy coded such that the reference category was the category 
of studies with the smallest effect size (i.e., low dropout). Recruitment 
method had three levels (clinical, non-clinical and mixed) so was 
dummy coded such that the reference category was the category of 
studies with the smallest effect size (i.e., non-clinical). 

Both age at final timepoint and time between the initial measure of 
challenging behaviour and final follow-up significantly predicted 
change in challenging behaviour over time. Specifically, the greater the 
amount of time between baseline and the final follow-up, and the older 
the participants were at the final data collection point, the larger the 
effect size and therefore the greater the reduction in challenging 
behaviour. However, age of participants at initial assessment (e.g., Time 
1 of the longitudinal study) did not significantly predict change in 
challenging behaviour over time, suggesting it is the time between data 
collection points, rather than the age of the participants per se, that is 
associated with the change in level of challenging behaviour. The pro
portion of male participants, the proportion of participants with an ID, 
the use of a narrow or a broad measure of challenging behaviour (i.e., a 
total behaviour score or an externalising behaviour score) and recruit
ment method (clinical, non-clinical or mixed) did not significantly pre
dict change in challenging behaviour over time. Finally, neither quality 
rating of the study nor dropout rate predicted the change in challenging 
behaviour over time. A large amount of heterogeneity remained for all 
moderator variables, with the time between the initial measure of 
challenging behaviour and the final follow-up explaining 9.23% (I2 =

90.77%) of the between-study variation, age of participants explaining 
9.36% (I2 = 90.64%), age at following up 14.28% (I2 = 85.72%), pro
portion of male participants 8.32% (I2 = 91.68%), proportion of par
ticipants with an ID 12.35% (I2 = 87.65%), use of a broad or narrow 
outcome measure 8.08% (I2 = 91.92%), recruitment method 8.16% 
(91.84%), study quality 8.60% (I2 = 91.40%), and dropout rate 8.69% 
(I2 = 91.31%). 

3.9. Publication bias and small study effects 

The data were assessed for publication bias (i.e., over-representation 
of positive or negative results) and small study effects (i.e., the tendency 
for smaller studies to have larger effect sizes than larger studies) using 
multiple methodologies as recommended by Rücker et al. (2011). First, a 
contour-enhanced funnel plot of the effect size of each sample against its 
standard error was inspected (see Fig. 3). Visual inspection of the 
contour-enhanced funnel plot revealed a pattern of effects that were 
asymmetrically distributed, with the suggestion of missing studies. This 
finding suggests that the overall effect size may have been over- or 
under-estimated due to possible publication bias. 

As a result of the visual asymmetry in the contour-enhanced funnel 
plot, the trim-and-fill method (Duval & Tweedie, 2000) was used in 
order to estimate the number of missing studies, and to impute the effect 
sizes of any identified missing studies. This method allows adjustment of 
the mean effect size as though there was no publication bias. The trim- 
and-fill method identified eight studies that needed to be filled in the 
current dataset, resulting in a corrected mean effect size of 0.40 (95% CI 
0.28, 0.52) as compared to the original mean effect size of 0.28 (95% CI 
0.17, 0.39; See Fig. 4). 

In addition to the above, Egger's test was conducted on the overall 
and stratified analyses to further assess the presence of publication bias. 
Egger's test was non-significant (p > .05) for all analyses, providing 
evidence of the absence of publication bias or related small study effects 

Table 2 
Cochran's Q and subtest test results for subgroup analyses.   

Heterogeneity  Pooled estimates  

Q p-value I2 M CI (95%) 

Outcome Measure       
Total score 234.65 <0.001 91.5% 0.29 0.12 0.45 
Externalising 406.31 <0.001 91.8% 0.27 0.12 0.43 

Recruitment method      
Clinical 88.79 <0.001 84.7% 0.28 0.13 0.43 
Non-clinical 47.27 <0.001 88.4% 0.10 − 0.19 0.38 
Mixed 398.07 <0.001 95.3% 0.35 0.16 0.55 

Note. M refers to the pooled value of Cohen's d. 

Table 3 
Meta-regression test results for predicted moderator variables.  

Comparison β SEβ p- 
value 

Time between baseline and final measure 0.04 0.02 0.017 
Age at baseline 0.02 0.01 0.139 
Age at final timepoint 0.24 0.01 0.010 
Proportion of participants with an ID 0.00 0.00 0.860 
Proportion of male participants − 0.00 0.00 0.254 
Broad (i.e., Total score) or narrow (e.g., Externalising 

score) measure 
0.02 0.12 0.896 

Quality − 0.04 0.03 0.170 
Dropout rate 0.22 0.11 0.055 
Recruitment method: clinical 0.18 0.17 0.28 
Recruitment method: mixed 0.26 0.17 0.12  

2 Low dropout rate was defined as <20% dropout, while high dropout rate 
was defined as >20% dropout consistent with the National Institute for Health 
Quality Assessment Tool for Observational Cohort and Cross-Sectional Studies. 
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in this meta-analysis. A full list of Egger's test results is available here. 
Overall, the evidence for publication bias or related small study effects 
in the current results is inconsistent but may represent a limitation of our 
findings given the possibility that our effect sizes are underestimated in 
some cases. 

4. Discussion 

Despite challenging behaviours being associated with a broad range 
of negative outcomes for autistic individuals (e.g., Chiang & Wineman, 
2014; Oliver et al., 2003) and those who care for them or support them 
(e.g., Estes et al., 2009; Yacoub et al., 2018), there have been only 56 

observational articles reporting longitudinal data on challenging 
behaviour in autistic individuals, reporting on 43 different samples. For 
comparison, over two hundred studies were excluded during the sys
tematic review process due to being longitudinal studies of challenging 
behaviour reporting on medical or psychological interventions. It is 
likely that the high prevalence and long-lasting negative impact of 
challenging behaviours has been a driving factor for this stronger focus 
on interventions research. While there is a clear need for intervention 
research, especially with longitudinal follow-up, such research may be 
better interpreted in relation to a large, established literature base 
documenting the course of challenging behaviours outside of interven
tion studies. The aim of this review was therefore to synthesise 

Fig. 3. Contour-enhanced funnel plot of the samples included in this meta-analysis.  

Fig. 4. Funnel plot of the samples included in this meta-analysis and imputed studies.  
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longitudinal observational studies reporting data on challenging 
behaviour in autistic individuals and to use meta-analytic techniques to 
explore whether level of challenging behaviour over time is moderated 
by participant characteristics (level of ID, sex, age at initial assessment), 
study quality or study design factors (time between data collection 
points, measure used, subscale reported, dropout rate). 

There were three main findings that emerged from this review. First, 
only 56 studies met the inclusion criteria and reported on longitudinal 
data on challenging behaviour in autistic individuals. These predomi
nantly focussed on reporting on challenging behaviour across childhood, 
with the included studies reporting on only two independent samples 
focussed solely upon adulthood (i.e., study reports participants mean 
age of 18 or above at the study onset) and only eight independent 
samples which reported on data from childhood or adolescence into 
adulthood (i.e., study cohort had a mean age of 18 or above at the final 
data collection point). Second, almost all included studies reported 
either no significant change or (more commonly) a significant decline in 
scores on the behaviour measure over time. In addition, the meta- 
analysis on data from 5196 participants across 37 independent sam
ples revealed a clear but small change in magnitude effect size which 
demonstrates that the frequency or severity of challenging behaviour 
reduces over time. It is important to note, however, that a reduction is 
not the same as remission. The longer the time period between baseline 
and the final follow-up, the greater the decline in challenging behaviour 
score. Finally, almost all of the observational cohort studies in this re
view measured challenging behaviour using a parent-based measure 
which has been developed to measure behaviour in neurotypical 
populations. 

4.1. Age 

The finding that most of the studies reported upon children is not 
unique to challenging behaviour. Despite most people being an adult for 
longer than they are a child, the volume of research on autism in 
adulthood is very limited compared to that on childhood (Howlin & 
Magiati, 2017; Lorenc et al., 2018). Within the present review, of the 
studies that provided an age range, the oldest participant was 66, and 
the oldest mean age of the sample was 37.8 years. This suggests that very 
little is known about the trajectory of challenging behaviours from 
adulthood into older adulthood. With increasing numbers of individuals 
receiving a diagnosis of autism, there will be an increasing ageing 
population of autistic individuals. There is therefore a clear need for 
more high-quality work focussing upon adulthood and older adulthood 
in autistic individuals (Happe & Frith, 2020), including research which 
explores age-related behavioural change in autistic older people, so as to 
anticipate any changing support and service requirements with age 
(Totsika et al., 2010). 

4.2. Time 

Almost all the studies in this review reported no significant change 
or, most commonly, a significant decline in the score for behavioural 
challenges over time. The results of the meta-analysis also indicated a 
small but significant reduction in the frequency or severity of chal
lenging behaviour over time, with the moderator analysis highlighting 
that the longer the time between baseline and follow-up and the older 
the age at follow up (but not baseline), the larger the reduction in 
challenging behaviour score. While this is a very promising finding for 
parents and for service providers, it is important that this finding is 
further explored. First, reduction is not the same as remission: behav
iours may still be present at a clinically significant level. As studies 
tended to report only mean scores, it is not known whether the reduction 
in scores on the measures used to describe challenging behaviour re
flects a reduction in the number of behaviours, the severity of behav
iours, or the frequency of behaviours. Even if the number or frequency of 
behaviour(s) decrease with age, the results of such behaviour from 

individuals who may be growing taller, heavier, or stronger with age 
may actually be more distressing or dangerous than the same behaviour 
in younger children (Levy & Perry, 2011; Shea & Mesibov, 2005). It is 
also possible that the parents or caregivers completing the question
naires make informal changes or adjustments which impact upon their 
child's behaviour (e.g., Dreyfus & Dowse, 2018) or that they have 
accessed formal supports or therapy. Less than one third of the included 
studies reported on therapies or medications accessed by the partici
pants, making it difficult to explore the potential role of therapy in the 
change in scores. Given that many of the measures ask for a relative 
rating (e.g., never, sometimes, always), if the behaviour remains present 
across the years, the subjective perspective of the frequency or severity 
of the behaviour may change, which may then result in a reduced rating. 
As none of the studies included objective or observational measures of 
behaviour, it is not possible to explore the extent of change over time on 
subjective measures compared to objective measures. Further, given 
that most studies reported on measures not designed for autism and that 
individuals on the spectrum typically show higher scores than other 
groups, some reversion to the mean is also a possible explanation. 

4.3. Study methodology: recruitment methods and outcome measure 

The results of the meta-analysis and meta-regression indicate that 
there was no significant difference in change in challenging behaviour 
over time based upon method of recruitment. This suggests the results 
presented are relevant to both clinical and community samples. In 
contrast, the meta-analysis did highlight the importance of careful 
measurement selection. The limited number of studies using each 
measure limited the ability to explore outcomes for specific measures or 
specific forms of challenging behaviour within the meta-analysis. This is 
not uncommon in autism research; Provenzani et al. (2020) systematic 
review identified 406 trials published between 1980 and 2016 which 
used 327 outcome measures, of which 69% had only been used in the 
literature once. This heterogeneous and often non-specific use of 
outcome measures may be significantly hampering comparisons be
tween studies and, thus, progress of intervention research in this area. 
Despite large number of measures used, they were predominantly broad 
measures of behaviour resulting in a limited number of studies which 
reported on longitudinal data on behaviour-specific measures, such as 
those unique to self-injury or specific behaviours which would be clas
sified as aggression. Combined with the mixed findings for some sub
scales (e.g. ABC Irritability, agitation and crying), this highlights an area 
of significant need for future research, as the aetiology and effective 
supports may differ based on the topography of the challenging 
behaviour (Oliver et al., 2022). 

With the exception of the DBC and ABC, the majority measures used 
were designed for the neurotypical population. A systematic review of 
measures of challenging behaviour in young autistic children identified 
this lack of autism-specific work on measurement of challenging 
behaviour as a significant weakness in the field (Hanratty et al., 2015). 
Questions from within such measures, such as “can't get his/her mind off 
certain thoughts; obsessions” pose a risk of diagnostic overshadowing, as 
they may be measuring the presence of autism characteristics rather 
than challenging behaviour per se. This, in combination with a lack of 
autism-specific evidence on reliability and validity, means that it is 
difficult to know how much variability there may be in reporting over 
time, making it difficult to make judgements about the significant of 
change over time (Hanratty et al., 2015). Therefore, before these mea
sures are used in intervention studies, further systematic work is 
required to explore and document the measurement properties of these 
tools for the child, adolescent, and adult populations, at home and 
school, with a particular focus on establishing their responsiveness to 
change. 

Challenging behaviours can pose a particular challenge within 
school settings, potentially having a negative impact on the teachers, 
support staff, on other children, and on the learning environment 
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(Nicholls, Hastings, & Grindle, 2020). Higher levels of challenging 
behaviour are associated with a greater risk of a residential placement or 
of attending special school (Pilling, McGill, & Cooper, 2007). Given the 
challenge that schools face with such behaviours, it would be beneficial 
to be able to draw upon a large body of literature exploring the trajec
tory and moderators of challenging behaviour for autistic students at 
school. In contrast, this review identified only two studies which re
ported on longitudinal data from school. Therefore, although chal
lenging behaviour decreases over time based on parent report (i.e., in 
the home and community settings), it is not known if a corresponding 
decrease is seen at school. The use of multiple informants (e.g., parents 
and teachers) is important to understand the role of the environment, 
something that is particularly important for autistic individuals (Ozon
off, Goodlin-Jones, & Solomon, 2005). 

4.4. Sex, intellectual disability, and sociocultural factors 

The existing literature has reported mixed findings in relation to the 
impact of sex and the presence of ID on the level or severity of chal
lenging behaviour in autistic individuals. The meta-analysis in this study 
found that neither the proportion of male participants nor the propor
tion of participants with an ID significantly predicted change in chal
lenging behaviour in autistic individuals over time. The included studies 
did not consistently report on sex and the presence of ID, however. Three 
studies in this review did not report on the proportion of males and fe
males and 22 did not report on the proportion of individuals with a co- 
occurring ID. To better ascertain whether sex and the presence of ID 
moderate challenging behaviour in autistic individuals over time, it will 
be crucial that future longitudinal studies consistently report on the sex 
and cognitive ability of their participants. Furthermore, sociocultural 
factors, such as socioeconomic status or ethnicity, were seldom reported, 
prohibiting the inclusion of such factors as moderators. Numerous re
views of both descriptive and interventional studies (e.g., Pierce et al., 
2014; Safer-Lichtenstein, Hamilton, & McIntyre, 2019;) have noted that 
less than one third of their included articles report on racial or ethnic 
backgrounds or indicators of socioeconomic status of their participants. 
Having a standard way of reporting factors associated with socioeco
nomic status (such as caregiver education level) would improve the 
quality of reporting as well as allowing for easier inclusion of such data 
into future meta-analyses. 

4.5. Limitations 

This study must be considered in relation to its limitations. While 
every effort was undertaken to include a broad range of search terms, it 
is possible that studies which do not use such terms, but describe a 
specific behaviour (e.g., smearing) may not have been identified. A 
priori decision to set the minimum time between assessments at 6 
months will have led to the exclusion of additional studies with shorter 
follow-ups. The requirement for the study to report on the data at 
multiple timepoints led to the exclusion of some studies which had 
collected longitudinal data of challenging behaviour but did not report it 
at more than one time point (e.g. Richards, Moss, Nelson, & Oliver, 
2016). Eleven impoverished articles were also identified (i.e., articles 
that met inclusion criteria, but were missing information essential to 
calculate an associated effect size for the meta-analysis). Although cor
responding authors were emailed requesting the relevant data, no au
thors responded. 

Each moderator explored explained up to 14.28% of the heteroge
neity of the results, meaning that future research is needed to investigate 
other potential moderators of the level of challenging behaviour over 
time. It could also be suggested that more heterogeneity could be 
explained by investigating interactions between different combinations 
of the moderator variables; however, due to the limited number of 
studies, there was not sufficient power to be able to undertake this. As 
the date limit was set from 1994 covering both DSM-IV and DSM-V 

criteria for ASD (as well as iterations of the ICD-10) for the included 
articles, it is recognised that the participants may have received their 
autism diagnosis with differing diagnostic criteria, so earlier studies 
likely included those with PDD-NOS that may not have received an 
autism spectrum disorder diagnosis under DSM-5, for example. There
fore, results may not generalise from the older to newer studies or may 
not immediately generalise to studies collecting data at present. 

5. Conclusion 

This systematic review and meta-analysis reveals the limited extent 
of observational research reporting on challenging behaviour over time. 
The results highlight that based on parent (and in two cases, teacher) 
report, challenging behaviour decreases over time, with significantly 
larger decreases in studies with longer duration between baseline and 
final assessment. The predominant focus has been on children and ad
olescents, with only three independent samples reporting solely on the 
level of challenging behaviour over time within autistic adults. Few 
studies used measures of behaviour designed for individuals with neu
rodevelopmental disorders or for autistic individuals. Additional work is 
clearly needed to document the longitudinal trajectories of specific to
pographies of challenging behaviour over time, using sensitive and 
reliable measures for this cohort, so as to be able to provide a context to 
interpret intervention work in this area to ultimately support better 
outcomes for autistic individuals through evaluation of what constitutes 
a meaningful change over time in response to medical or psychological 
intervention. 
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