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Autism is a clinical consensus diagnosis made based on behavioral symptoms of early developmental difficulties in domains of social-communication (SC) and restricted repetitive behaviors (RRB). Many readily assume that alongside being optimal for separating individuals based on SC and RRB behavioral domains, that the label should also be highly useful for explaining differential biology, outcomes, and treatment (BOT) responses. However, we also now take for granted the fact that the autism population is vastly heterogeneous at multiple scales, from genome to phenome. In the face of such multi-scale heterogeneity, here we argue that the concept of autism along with the assumptions that surround it require some rethinking. While we should retain the diagnosis for all the good it can do in real-world circumstances, we also call for the allowance of multiple other possible definitions that are better tailored to be highly useful for other translational end goals, such as explaining differential BOT responses.
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INTRODUCTION

Nearly every article on autism tends to start off in the same way. “Autism is <insert paraphrased DSM definition, or core symptom domains here>”. Whether intended or not, this ubiquitous leading statement gives off the impression of an objective medical diagnosis. Because the diagnosis itself is automatically endowed with this face validity, it is uncommonly challenged by many. But perhaps we should heavily scrutinize and challenge it. Perhaps we need to persistently keep asking the tough questions regarding what validity it can claim to have and more importantly, whether one or many better definitions could exist. Over time, the landscape of autism has changed dramatically – from a once narrow to now wide definition, from being rare to now being common in the population, from something studied mainly in childhood to now being viewed across the lifespan, from something discrete to now something a bit more dimensional, from being one “autism” to many “autisms,” from pure to complex, and from “disorder” to “neurodiversity” (1). With all of this change over time, it should be perhaps expected that we do some rethinking on the concept and challenge ourselves in terms of our assumptions. Many in the field have already begun that discussion (1–18) and the dialogue should continue until we reach a revolution or paradigm shift that radically changes the situation to improve in areas that are currently heavily lacking, and which are most important given the objectives of the community and the field. In this perspective piece, we will contribute one drop into this ocean of “rethinking autism” from a zoomed-out perspective intended to primarily promote outside-the-box thinking on the topic. If we are to “rethink autism,” we should zoom out and not make many assumptions about what should be taken as fact and start asking very basic questions about the history of the label, what the diagnostic label was/was not intended for, and whether our current focus on some features rather than others may have led us astray. We conclude with an analogy about the concept of “trees” that may be useful in illustrating similar types of thinking and how we might rethink the topic.



BACK TO THE FUTURE – THE HISTORY OF AUTISM

In moving forward, it may be useful to retrace your steps. A first way we can rethink autism is simply to look back at its history. For those who have just entered the field, this may be a difficult task, but there are several key references here which we think are essential reading on the topic (1, 19–27). We will not go through all the details here. However, to summarize one lesson that history has taught us so far, it is that “autism” is not a static concept over time, nor is it likely to be some objective “thing” out in nature waiting to be discovered and better understood. Rather, “what is autism” has changed considerably over time and will likely continue to evolve as we move forward. This notion of change in the diagnostic concept over time is important to be aware of, because we should not sit idly by assuming the current concept is necessarily more correct than past conceptions. Notions such as “prototypical autism” captured by Mottron and colleagues alongside the idea of weaning effect sizes over the years may support the idea that a previous conception of autism was more impactful (3, 4, 28). However, the sheer fact that the concept itself is non-stationarity should teach us to be highly skeptical of any current or past conception and any face validity that the diagnosis may be implicitly endowed with upon first glance. One way we might be able to evaluate whether the current situation is meeting our needs should be to question what the diagnosis is good for, but also what the diagnosis is not so good for. Certainly, we would not want to chuck out the diagnosis for all the good it does in real-world circumstances, but we should also not dogmatically hold onto it and resist change when we can all agree with its many shortcomings. Acknowledging the non-stationarity of the diagnostic concept itself, via a look back at history, should be the first step in being able to let go and allow for the possibility of new ways to characterize autism that fits the current zeitgeist and needs of the community and field.

Amongst the many notable key changes throughout the history of autism that could be commented on, here we isolate one specific change point that we believe is highly relevant for underscoring a major change in the population landscape of autism. In 1987, the DSM criteria changed from a monothetic (all criteria must be met) DSM-III to a polythetic (not all criteria need be met) DSM-III-R criteria. One of the most dramatic effects of this monothetic-to-polythetic shift was the sidelining of early language issues as a core and necessary feature. Before this point in time, influential individuals key to the construction of DSM-III criteria, such as Michael Rutter, had suggested that early language issues were a key feature of autism (29, 30). However, with the emergence of Asperger’s original case studies to the English speaking world (31), notable individuals such as Lorna Wing were influential in arguing that the concept of autism be broader than that of Kanner’s and DSM-III, particularly with respect to whether early language issues were essential. Wing also introduced the concept of the symptom triad (e.g., social, communication, and RRB) and the notion of a “spectrum” to further expand how social-communication difficulties might manifest in different types of individuals (e.g., aloof, passive, and active-but-odd) (32). Wing’s influence for this broader view (21, 33) were important factors in the DSM-III-R changes and to a polythetic relaxation which also made early language issues non-essential. All of these changes are likely important for giving us a broader and more complete view of the heterogeneous way that social-communicative issues can arise in different individuals. However, the impact of the change regarding the non-essential nature of early language issues cannot be understated. This change substantially reshaped how the autism population could be conceptualized – from once being a large majority of individuals with substantial intellectual and early language issues, to nowadays reflecting a large majority of autistic individuals without such issues (Figure 1). The impact of mixing together such individuals is still a prominent and current clinical issue. For example, as recognized by a recent Lancet commission, the label currently in use (mixing together all types of individuals) does not signify the differential need for services and support that the most profoundly affected individuals require (34).
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FIGURE 1. Highlighting the 1987 breakpoint of the change to DSM-III-R criteria. Before DSM-III-R, intellectual disability and early language issues were common key features. Even Rutter’s early opinions were that language was primary or core to autism. The change from monothetic to polythetic criteria in DSM-III-R changed all of this, since it allowed for individuals to be diagnosed without those kinds of issues. Over time, features such as intellectual disability and early language issues were filtered out altogether in the DSM-5 diagnostic criteria and are now used as specifiers. Star indicates one of the monothetic criteria regarding language.


We also note that at this point in time (i.e., mid 1980’s to early 1990’s), modern technologies that would allow us to peek into the underlying biology (e.g., high-throughput imaging and genome sequencing) were not available. Thus, these changes were made without the opportunity for science to sufficiently put to the test whether such a change was mixing together very different underlying neurobiology. Perhaps this last point could be argued to be irrelevant if someone were to claim that the diagnostic criteria was never made in the first place to differentiate individuals by biology. This is certainly true. However, given that the diagnosis is typically implicitly endowed with a certain type of face validity that most medical diagnoses also possess (e.g., differential biology), many will still assume that the diagnosis should indeed split apart individuals with very different underlying biology behind the phenotype. Evidence has been mounting in recent years suggesting that early language issues are quite important stratifiers, both from a clinical standpoint, but also in terms of underlying biology (3, 35–49). At what point should the field reflect back on whether such changes some several decades back were warranted?

Without being aware of these changes and the biases that they may represent in different subfields within autism research, the field can be quite a confusing array of findings that may be overgeneralized to the entire population. While some autistic individuals have problems in both verbal and non-verbal cognitive abilities, higher degrees of imbalance between these domains are common in autism (50–53). This is particularly important to consider given that the subset of individuals whom are minimally verbal and intellectually disabled individuals are much harder to test. Thus, a vast majority of neuroimaging, behavioral, and cognitive studies heavily rely on verbal individuals with intact intellectual functioning (35, 54). Findings from such studies do not necessarily represent what may be generalized to all autistic individuals, but rather to this subset of verbal and average-to-high intelligence individuals. Many individual studies suggest this as a caveat for interpreting their results. However, such caveats can be commonly overlooked when the literature is assessed in aggregate and may thus, give off the impression that the data represents effects that generalize to the entire population as a whole. When heterogeneity in early language and intellectual ability is examined as a factor of interest, remarkable differences can be detected (37–40, 45, 46). This indicates that neglect of studying minimally verbal and intellectually disabled individuals may mask very important differences within the autism population. Conversely, blood and other biological samples that allow for DNA extraction can be collected on these “harder to test” individuals, and as such, this literature may be biased in the other direction from neuroimaging, cognitive, and behavioral research on autism. Although autism is highly heritable and much of that inherited risk may reside in a polygenic mixture of small-risk commonly occurring variants, most of the more prominent findings in the autism genetics literature are restricted to rare de novo variants that affect a small minority of all autistic cases, and which nearly all co-occur with intellectual or other types of developmental disabilities at the phenotypic level (47–49, 55). Thus, it appears that different research literature in autism research may be inadvertently revealing aspects that are more pertinent to subsets of the population tied to this key change point in the shift from DSM-III to DSM-III-R. Without key attention focused on this nuance, the research may come off as being over-generalized to all within the autism population.

Although some of these features regarding differences in intellectual ability and early language were attempted to be retained in DSM-IV (e.g., Asperger’s Syndrome vs. autism), they have now largely been kicked to the wayside in DSM-5 (i.e., specifiers), while other features have seemed to stick. Rather than a symptom triad (pre-DSM-5), we now have a core symptom dyad of social-communication (SC) and restricted repetitive behavior (RRB) difficulties. SC and RRB tend to be the common denominators that all autistic individuals can be characterized by. However, because they are the common denominators that go into the diagnosis itself, and perhaps because they have stuck where other features have not, SC and RRB are also endowed (either explicitly or implicitly) with extra face validity for being the most important or essential (core or hallmark) features of autism. But are these the most important and essential elements/features of interest? Whether the current conception delineates what is truly core, important/essential features is likely a debate that will continue.



“ALL MODELS ARE WRONG – BUT SOME ARE USEFUL”: BEING MINDFUL OF PURPOSES, GOALS, AND OPTIMIZATION

In autism research we must be mindful that there are numerous end goals or purposes behind different types of studies. Certainly all are concerned with the diagnostic label of autism, but they may be interested in whether that diagnostic label is important for explaining a variety of very different types of things. We believe it is important to be mindful here that we are essentially building models for explaining various different phenomena of interest. These models may incorporate the diagnostic label of autism versus non-autism as one of the explanatory features (e.g., the case-control model), but may also incorporate other features. On this topic, it is important to remember the statistical aphorism that “all models are wrong, but some are useful” (56). A model’s utility or usefulness is its power over explaining why variability in the phenomenon of interest occurs. Being mindful of this, we must also understand that the diagnosis itself is already an optimization for a very specific set of phenomena of interest – that is, the label of autism versus non-autism is maximally sensitive and specific for explaining variability in exemplar types of SC and RRB behaviors (57). Because of this, we can then invert the model and say that if the end purpose or goal was to predict or explain variation in the labels of autism versus non-autism, we would need a set of exemplar features of SC and RRB that are maximally useful for explaining autism versus non-autism label variation. Having specified that the label of autism already has been optimized for a specific goal or end purpose, if we turn our attention to explaining other phenomena of interest – that is, biology, outcomes, or treatment (BOT) response – then we should be fully aware of the reality that the diagnostic label of autism may not be guaranteed to explain these other phenomena very well, no matter how much we hope or assume them to be so. The diagnostic label of autism has already been optimized for a certain end goal or purpose at the level of behaviors within SC and RRB domains, and there is no guarantee that the label will also be highly useful outside of this scope.



THE BOT OBJECTIVES – BIOLOGY, OUTCOMES, AND TREATMENT

Besides explaining the behavioral phenotype of autism (e.g., SC and RRB domains), what else should we care about explaining? There are numerous directions one could go here. However, the field already has some top priorities in this realm, regarding the ability to explain variability in differential biology, outcomes and treatment responses. We would call this subset of translational research objectives the “BOT objectives.” Are the BOT objectives aligned with the behavioral diagnosis of autism? If we were to assume a simple one-to-one linear mapping of biology to behavior, and vice versa, perhaps we could expect that biology exists that is indeed linked to the core hallmark SC and RRB features of autism. So far, we have not yet discovered such a mapping between biology and behavior in autism. Perhaps we haven’t been looking in the right places, or perhaps we aren’t yet equipped with the right tools to discover such a mapping, but perhaps we should also be prepared to accept that such an assumption is untenable as well. Thus, although the diagnosis is automatically endowed with some validity related to these BOT objectives, the reality is that the diagnosis was never designed to be optimal for explaining them. Rather, the diagnosis is optimized to explain phenomena in SC and RRB at the behavioral level. Thus, we should resist the assumption that the diagnosis should also be relevant for the BOT objectives until proven otherwise. If over time the science shows that the diagnostic label of autism may not be optimal for explaining the BOT objectives, we should then start seeking other types of models with other kinds of features that better explain the variability in differential biology, outcomes and treatment. We believe the field is already ready for this type of change (58) and we would issue a call-to-action to support the exploration of multiple other types of definitions that could be more useful for explaining BOT objectives within the autism population. However, such a call-to-action does not mean the diagnosis of autism has failed. The diagnostic label will always have the validity in being optimal for maximizing clinical consensus based on behavior. But we should be careful not to give it too much external validity with regards to other objectives that it was never optimally defined to explain in the first place.



THE TREE ANALOGY

We would like to conclude our discussion on ways to rethink autism with an analogy about the concept of “trees.” We turn to this analogy not because it represents a foolproof analogy that is 100% similar in every way. There are likely many extraneous aspects of this analogy that may not be best. However, we highlight here some specific similarities in this analogy to make salient a couple of key points that may shake our deeply held assumptions about concepts like autism.

In this analogy, we will ask the simple question of “what are trees?” This is meant to be analogous to the question of “what is autism?” On the surface, we might think this is a relatively easy question to answer, because we should all have a strong common sense understanding of what trees are. Indeed this common sense understanding of the concept of “tree” is so strong that if we go back to historical roots, we can find language that describes trees in Sanskrit and ancient Greek. This indicates that our ancestors must have valued and distinguished these types of plants so much that they thought it was pertinent to give a unique word to them. Because there is such a strong commonsense understanding of “tree,” could we distill an actual consensus definition as to what are the defining characteristics of trees that set them apart from other things in the plant kingdom? Below is a layperson’s consensus criteria on what is the most agreed upon definition (from Kim Coder’s outreach article entitled “What is a Tree?”) (59).


-Made mostly of woody substance.

-Has an erect, self-supporting, single unbranched trunk, or stem.

-Growth is perennial (throughout the year).

-Large and tall when fully mature.

-Has an elevated crown or branches.



The criteria above represent a consensus amongst a variety of dictionary, encyclopedia, botanical glossary, and ordinance/regulatory definitions of trees. This type of “consensus” definition has parallels to clinical consensus definitions based on behavior that we have about autism. The original concept behind the diagnosis was one based on observational and clinical consensus. Indeed, many experienced clinicians may have a similar strong common sense understanding of what the autism phenotype looks like, and as such, may not need much time while assessing some children to identify this autism prototype (4). While there is a difference in who makes the consensus definition (e.g., all people in the case of trees, versus specialists in the case of autism), the similarity we wish to underscore here is that both trees and autism have a consensus definition based on observable features (physical features in the example of trees, behavioral features in the example of autism).

Now that we have our consensus definition, let’s take the analogy one step further and assume that our definition of “tree” has face validity and value outside of the original context where the definition was optimized (e.g., on the basis of observable physical characteristics). Could we assume that the consensus definition of “tree” has validity with regard to how botanists would taxonomically characterize plants? In other words, because we have this strong consensus definition that trees are indeed a distinct “thing” in nature, would botanical taxonomies respect that and also distinguish trees as a specific scientific grouping separated from other plants? The answer here is simply “no.” Taxonomically, “trees” do not have a distinct scientific grouping. Rather, some trees are grouped into a cluster for flowering plants where seeds are encapsulated, called angiosperms (e.g., fruit trees), while the other types of trees are grouped into a class called gymnosperms, which have their seeds exposed (e.g., pine trees). Therefore, just because trees grow larger and taller than their other plant relatives in the same category, does not really matter, at least for an objective scientific definition. A blueberry bush and an apple tree come from the same angiosperm family and are not necessarily distinguished by the fact that apple trees fall within our definition of tree above, but blueberry bushes do not. Indeed, the point we are emphasizing here is that the concept of “trees” is a consensus definition historically defined in language by our human ancestors and which has carried on today. There are very good reasons to hold onto this definition, as it has value for labeling a specific type of plant that we all value culturally and wish to distinguish from other types of plants. However, although there is that consensus definition of “tree,” it does not correspond well with other taxonomic classifications of plants. Other taxonomic classifications of plants are optimized in other ways that do not correspond well to optimization within the consensus model for “tree.” Thus, the concept of tree is very salient to most of us and it may be very hard to shake the idea that scientifically, trees are not “one thing” that exists in nature. This point is emphasized to underscore the fact that although we might all be able to agree on a set of defining criteria, that by no means gives us license to assume that such a “thing” actually exists out in nature as an objectively defined “thing” and that all other connotations about underlying biology, etc., should follow from the initial consensus definition.

We can take a final step further in this analogy by considering the defining core or non-core characteristics of “trees” and drawing parallels to the diagnosis of autism. For example, let us say that the feature of growing large and tall when fully mature is akin to the RRB domain in autism, while the trunk or stem of a tree might be akin to the SC domain in autism. Here are two central defining features of trees and autism that are very well evident. Now let us take the seeds trees produce, along with the encapsulating tissue around it (e.g., fruit) and let us say that this is analogous to early language issues. Not all individuals with autism have early language issues, but some do. Not all trees bear fruit, but some do. A characteristic such as bearing fruit is not a core characteristic of a tree, because not all trees bear fruit, and also because many non-tree plants can bear fruit as well. Similarly, early language issues are no longer a core feature of autism (as they were in DSM-III) because the rationale is that not all individuals with the other core features have early language issues, and most crucially, because many non-autistic individuals can have substantial early language issues. By drawing this analogy, we would like to point out a distinction of importance. Fruit bearing trees are indeed a different class of plant altogether (i.e., an angiosperm) and such plants are so heavily differentiated from other trees falling into the gymnosperm category as to not be considered together, even despite the fact that, for example, a pine tree and an apple tree meet all the other core features of being a “tree.” By focusing on the core elements that are characteristic of autism, and marginalizing the importance of other non-core features, are we missing important aspects that would help us to derive a different definition or set of labels that is more tailored to elucidating differences that are considered to be of high-importance (e.g., BOT objectives)? This example is one of many that could be drawn in this type of “tree” analogy, and we offer it up as a potential thought experiment to help readers challenge their assumptions about autism and what is held to be of most importance, given a specific end goal/purpose/objective.



CONCLUSION

In conclusion, we think the time is ripe to actively have the field reconsider or rethink their assumptions and strongly held core beliefs about autism. In doing such a “rethink,” we should consider that the single diagnostic definition we currently possess need not be the only or most important way of defining the autisms. Indeed, we may need multiple different types of definitions or classification structures (i.e., models) that are tailored to different end goals/objectives. We hope that we have been able to make more salient that the diagnostic model currently in place is there to be optimal for a specific type of phenomena and end goal and that for other purposes or objectives, other models may be needed. As we consider other models, we may need to let go of what we believe are the core versus non-core features of the current diagnostic model, and think about other ways to optimally explain autism in terms of a variety of alternative, yet important objectives (e.g., BOT objectives).



AUTHOR CONTRIBUTIONS

Both authors listed have made a substantial, direct, and intellectual contribution to the work, and approved it for publication.



FUNDING

MVL was supported by funding from the European Research Council (ERC) under the European Union’s Horizon 2020 Research and Innovation Program under grant agreement No. 755816 (ERC Starting Grant to MVL).



REFERENCES

1. Happé F, Frith U. Annual research review: looking back to look forward – changes in the concept of autism and implications for future research. J Child Psychol Psychiatry. (2020) 61:218–32. doi: 10.1111/jcpp.13176

2. Gillberg C. The ESSENCE in child psychiatry: early symptomatic syndromes eliciting neurodevelopmental clinical examinations. Res Dev Disabil. (2010) 31:1543–51. doi: 10.1016/j.ridd.2010.06.002

3. Mottron L, Bzdok D. Autism spectrum heterogeneity: fact or artifact? Mol Psychiatry. (2020) 25:3178–85. doi: 10.1038/s41380-020-0748-y

4. Mottron L. A radical change in our autism research strategy is needed: back to prototypes. Autism Res Off J Int Soc Autism Res. (2021) 14:2213–20. doi: 10.1002/aur.2494

5. Lombardo MV. Prototyping as subtyping strategy for studying heterogeneity in autism. Autism Res. (2021) 14:2224–7. doi: 10.1002/aur.2535

6. Happé F, Ronald A, Plomin R. Time to give up on a single explanation for autism. Nat Neurosci. (2006) 9:1218–20. doi: 10.1038/nn1770

7. London EB. Categorical diagnosis: a fatal flaw for autism research? Trends Neurosci. (2014) 37:683–6. doi: 10.1016/j.tins.2014.10.003

8. Waterhouse L, Gillberg C. Why autism must be taken apart. J Autism Dev Disord. (2014) 44:1788–92. doi: 10.1007/s10803-013-2030-5

9. Waterhouse L, London E, Gillberg C. ASD Validity. Rev J Autism Dev Disord. (2016) 3:302–29. doi: 10.1007/s40489-016-0085-x

10. Müller R-A, Amaral DG. Editorial: time to give up on autism spectrum disorder? Autism Res. (2017) 10:10–4. doi: 10.1002/aur.1746

11. Geschwind DH, Levitt P. Autism spectrum disorders: developmental disconnection syndromes. Curr Opin Neurobiol. (2007) 17:103–11. doi: 10.1016/j.conb.2007.01.009

12. Tordjman S, Cohen D, Anderson GM, Botbol M, Canitano R, Coulon N, et al. Repint of “Reframing autism as a behavioral syndrome and not a specific mental disorder: implications of genetic and phenotypic heterogeneity”. Neurosci Biobehav Rev. (2018) 89:132–50. doi: 10.1016/j.neubiorev.2018.01.014

13. Johnson MH. Autism as an adaptive common variant pathway for human brain development. Dev Cogn Neurosci. (2017) 25:5–11. doi: 10.1016/j.dcn.2017.02.004

14. Johnson MH, Jones EJH, Gliga T. Brain adaptation and alternative developmental trajectories. Dev Psychopathol. (2015) 27:425–42. doi: 10.1017/S0954579415000073

15. Johnson MH, Charman T, Pickles A, Jones EJH. Annual research review: anterior modifiers in the emergence of neurodevelopmental disorders (AMEND)-a systems neuroscience approach to common developmental disorders. J Child Psychol Psychiatry. (2021) 62:610–30. doi: 10.1111/jcpp.13372

16. Constantino JN, Charman T, Jones EJH. Clinical and translational implications of an emerging developmental substructure for autism. Annu Rev Clin Psychol. (2021) 17:365–89. doi: 10.1146/annurev-clinpsy-081219-110503

17. Lombardo MV, Lai M-C, Baron-Cohen S. Big data approaches to decomposing heterogeneity across the autism spectrum. Mol Psychiatry. (2019) 24:1435–50. doi: 10.1038/s41380-018-0321-0

18. Lai M-C, Lombardo MV, Chakrabarti B, Baron-Cohen S. Subgrouping the autism “spectrum”: reflections on DSM-5. PLoS Biol. (2013) 11:e1001544. doi: 10.1371/journal.pbio.1001544

19. Wolff S. The history of autism. Eur Child Adolesc Psychiatry. (2004) 13:201–8. doi: 10.1007/s00787-004-0363-5

20. Feinstein A. A History of Autism: Conversations With the Pioneers. Chichester: Wiley-Blackwell (2010). p. 381.

21. Rosen NE, Lord C, Volkmar FR. The diagnosis of autism: from Kanner to DSM-III to DSM-5 and beyond. J Autism Dev Disord. (2021) 51:4253–70. doi: 10.1007/s10803-021-04904-1

22. Van Drenth A. Rethinking the origins of autism: Ida Frye and the unraveling of children’s inner world in the Netherlands in the late 1930s. J Hist Behav Sci. (2018) 54:25–42. doi: 10.1002/jhbs.21884

23. Verhoeff B. Autism in flux: a history of the concept from Leo Kanner to DSM-5. Hist Psychiatry. (2013) 24:442–58. doi: 10.1177/0957154X13500584

24. Howlin P. Adults with autism: changes in understanding since DSM-111. J Autism Dev Disord. (2021) 51:4291–308. doi: 10.1007/s10803-020-04847-z

25. Vivanti G, Messinger DS. Theories of autism and autism treatment from the DSM III through the present and beyond: impact on research and practice. J Autism Dev Disord. (2021) 51:4309–20. doi: 10.1007/s10803-021-04887-z

26. Thapar A, Rutter M. Genetic advances in autism. J Autism Dev Disord. (2021) 51:4321–32. doi: 10.1007/s10803-020-04685-z

27. Rutter M. Autism research: lessons from the past and prospects for the future. J Autism Dev Disord. (2005) 35:241–57. doi: 10.1007/s10803-004-2003-9

28. Rødgaard EM, Jensen K, Vergnes JN, Soulières I, Mottron L. Temporal changes in effect sizes of studies comparing individuals with and without autism: a meta-analysis. JAMA Psychiatry. (2019) 76:1124–32. doi: 10.1001/jamapsychiatry.2019.1956

29. Rutter M. The influence of organic and emotional factors on the origins, nature and outcome of childhood psychosis. Dev Med Child Neurol. (1965) 7:518–28. doi: 10.1111/j.1469-8749.1965.tb10960.x

30. Rutter M. Concepts of autism: a review of research. J Child Psychol Psychiatry. (1968) 9:1–25. doi: 10.1111/j.1469-7610.1968.tb02204.x

31. Wing L. Asperger’s syndrome: a clinical account. Psychol Med. (1981) 11:115–29.

32. Wing L, Gould J. Severe impairments of social interaction and associated abnormalities in children: epidemiology and classification. J Autism Dev Disord. (1979) 9:11–29. doi: 10.1007/BF01531288

33. Wing L. The definition and prevalence of autism: a review. Eur Child Adolesc Psychiatry. (1993) 2:61–74. doi: 10.1007/BF02098832

34. Lord C, Charman T, Havdahl A, Carbone P, Anagnostou E, Boyd B, et al. The lancet commission on the future of care and clinical research in autism. Lancet Lond Engl. (2021) 399:271–334. doi: 10.1016/S0140-6736(21)01541-5

35. Tager-Flusberg H, Kasari C. Minimally verbal school-aged children with autism spectrum disorder: the neglected end of the spectrum. Autism Res Off J Int Soc Autism Res. (2013) 6:468–78. doi: 10.1002/aur.1329

36. Kjelgaard MM, Tager-Flusberg H. An investigation of language impairment in autism: implications for genetic subgroups. Lang Cogn Process. (2001) 16:287–308. doi: 10.1080/01690960042000058

37. Lombardo MV, Pierce K, Eyler LT, Carter Barnes C, Ahrens-Barbeau C, Solso S, et al. Different functional neural substrates for good and poor language outcome in autism. Neuron. (2015) 86:567–77. doi: 10.1016/j.neuron.2015.03.023

38. Lombardo MV, Pramparo T, Gazestani V, Warrier V, Bethlehem RAI, Carter Barnes C, et al. Large-scale associations between the leukocyte transcriptome and BOLD responses to speech differ in autism early language outcome subtypes. Nat Neurosci. (2018) 21:1680–8. doi: 10.1038/s41593-018-0281-3

39. Lombardo MV, Eyler L, Pramparo T, Gazestani VH, Hagler DJ, Chen C-H, et al. Atypical genomic cortical patterning in autism with poor early language outcome. Sci Adv. (2021) 7:eabh1663. doi: 10.1126/sciadv.abh1663

40. Xiao Y, Wen TH, Kupis L, Eyler LT, Goel D, Vaux K, et al. Neural responses to affective speech, including motherese, map onto clinical and social eye tracking profiles in toddlers with ASD. Nat Hum Behav. (2022) 6:443–54. doi: 10.1038/s41562-021-01237-y

41. Lai M-C, Lombardo MV, Ecker C, Chakrabarti B, Suckling J, Bullmore ET, et al. Neuroanatomy of individual differences in language in adult males with autism. Cereb Cortex. (2015) 25:3613–28. doi: 10.1093/cercor/bhu211

42. Floris DL, Lai M-C, Auer T, Lombardo MV, Ecker C, Chakrabarti B, et al. Atypically rightward cerebral asymmetry in male adults with autism stratifies individuals with and without language delay. Hum Brain Mapp. (2016) 37:230–53. doi: 10.1002/hbm.23023

43. Barbeau EB, Klein D, Soulières I, Petrides M, Bernhardt B, Mottron L. Age of speech onset in autism relates to structural connectivity in the language network. Cereb Cortex Commun. (2020) 1:tgaa077. doi: 10.1093/texcom/tgaa077

44. Catani M, Dell’Acqua F, Budisavljevic S, Howells H, Thiebaut de Schotten M, Froudist-Walsh S, et al. Frontal networks in adults with autism spectrum disorder. Brain J Neurol. (2016) 139:616–30. doi: 10.1093/brain/awv351

45. Wilkinson CL, Levin AR, Gabard-Durnam LJ, Tager-Flusberg H, Nelson CA. Reduced frontal gamma power at 24 months is associated with better expressive language in toddlers at risk for autism. Autism Res Off J Int Soc Autism Res. (2019) 12:1211–24. doi: 10.1002/aur.2131

46. Naigles LR, Johnson R, Mastergeorge A, Ozonoff S, Rogers SJ, Amaral DG, et al. Neural correlates of language variability in preschool-aged boys with autism spectrum disorder. Autism Res Off J Int Soc Autism Res. (2017) 10:1107–19. doi: 10.1002/aur.1756

47. Wickstrom J, Farmer C, Green Snyder L, Mitz AR, Sanders SJ, Bishop S, et al. Patterns of delay in early gross motor and expressive language milestone attainment in probands with genetic conditions versus idiopathic ASD from SFARI registries. J Child Psychol Psychiatry. (2021) 62:1297–307. doi: 10.1111/jcpp.13492

48. Satterstrom FK, Kosmicki JA, Wang J, Breen MS, De Rubeis S, An J-Y, et al. Large-scale exome sequencing study implicates both developmental and functional changes in the neurobiology of autism. Cell. (2020) 180:568–84.e23. doi: 10.1016/j.cell.2019.12.036

49. Warrier V, Zhang X, Reed P, Havdahl A, Moore TM, Cliquet F, et al. Genetic correlates of phenotypic heterogeneity in autism. medRxiv. [Preprint]. (2020). doi: 10.1101/2020.07.21.20159228

50. Ankenman K, Elgin J, Sullivan K, Vincent L, Bernier R. Nonverbal and verbal cognitive discrepancy profiles in autism spectrum disorders: influence of age and gender. Am J Intellect Dev Disabil. (2014) 119:84–99. doi: 10.1352/1944-7558-119.1.84

51. Coolican J, Bryson SE, Zwaigenbaum L. Brief report: data on the stanford-binet intelligence scales (5th ed.) in children with autism spectrum disorder. J Autism Dev Disord. (2008) 38:190–7. doi: 10.1007/s10803-007-0368-2

52. Joseph RM, Tager-Flusberg H, Lord C. Cognitive profiles and social-communicative functioning in children with autism spectrum disorder. J Child Psychol Psychiatry. (2002) 43:807–21. doi: 10.1111/1469-7610.00092

53. Nowell KP, Brewton CM, Allain E, Mire SS. The influence of demographic factors on the identification of autism spectrum disorder: a review and call for research. Rev J Autism Dev Disord. (2015) 2:300–9. doi: 10.1007/s40489-015-0053-x

54. Jack A, Pelphrey KA. Annual research review: understudied populations within the autism spectrum – current trends and future directions in neuroimaging research. J Child Psychol Psychiatry. (2017) 58:411–35. doi: 10.1111/jcpp.12687

55. Myers SM, Challman TD, Bernier R, Bourgeron T, Chung WK, Constantino JN, et al. Insufficient evidence for “autism-specific” Genes. Am J Hum Genet. (2020) 106:587–95. doi: 10.1016/j.ajhg.2020.04.004

56. Box GEP. Robustness in the strategy of scientific model building. In: Launer RL, Wilkinson GN editors. Robustness in Statistics. Amsterdam: Elsevier (1979). p. 201–36. doi: 10.1016/B978-0-12-438150-6.50018-2

57. Huerta M, Bishop SL, Duncan A, Hus V, Lord C. Application of DSM-5 criteria for autism spectrum disorder to three samples of children with DSM-IV diagnoses of pervasive developmental disorders. Am J Psychiatry. (2012) 169:1056–64. doi: 10.1176/appi.ajp.2012.12020276

58. Hong S-J, Vogelstein JT, Gozzi A, Bernhardt BC, Yeo BTT, Milham MP, et al. Toward neurosubtypes in autism. Biol Psychiatry. (2020) 88:111–28. doi: 10.1016/j.biopsych.2020.03.022

59. Coder K. What is a Tree? (2017). Available online at: https://www.warnell.uga.edu/sites/default/files/publications/WSFNR-17-35%20Coder.pdf (accessed March 22, 2022).


Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Lombardo and Mandelli. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OPS/images/cross.jpg
3,

i





OPS/xhtml/nav.xhtml




Contents





		Cover



		Rethinking Our Concepts and Assumptions About Autism



		INTRODUCTION



		BACK TO THE FUTURE – THE HISTORY OF AUTISM



		“ALL MODELS ARE WRONG – BUT SOME ARE USEFUL”: BEING MINDFUL OF PURPOSES, GOALS, AND OPTIMIZATION



		THE BOT OBJECTIVES – BIOLOGY, OUTCOMES, AND TREATMENT



		THE TREE ANALOGY



		CONCLUSION



		AUTHOR CONTRIBUTIONS



		FUNDING



		REFERENCES

















OPS/images/cover.jpg
& frontiers | Frontiers in Psychiatry

Rethinking Our Concepts
and Assumptions About Autism









OPS/images/fpsyt-13-903489-g001.jpg
1943
1944 1994
1920- i E
1930 1965
| —]
Sukhareva Rutter -
Frye “Language is Rutter’s
primary” definition | I
Asperger ...... "Childhood Schizophrenia”...... M
. Language Issues and Intellectual Disability are Common Key Felatures I Heavy Research Focus on Individuals w/o Languageland 1D |

Polythetic

Kanner
(not all criteria must be met)

1) severe problems in social interaction and connectedness
2) resistance to change/insistence on sameness, ,

stereotyped movements DSM-III-R

s “No mode of communication, such
&pﬂgﬂ B, c8 as: communicative babbling, facial
e dlffI.CultIeS, : : acy Nt expression, gesture, mime, or

2) unusual circumscribed interests, ShGkenIanataae"

3) intact intellectual functioning, and good verbal skills - SR

DSM-IV
“Delay in, or total lack of, the
development of spoken language”

Asperger Syndrome

- no cognitive delays
- no delays in language






OPS/images/logo.jpg
’ frontiers ‘ Frontiers in Psychiatry





