Attainment and loss of early social-communication skills across neurodevelopmental

conditions in the Norwegian Mother, Father and Child Cohort Study

Alexandra Havdahl Ph.D."%29, Cristan Farmer Ph.D.”, Pl Surén Ph.D.'t, Anne-Siri @yen Ph.D.?,
Per Magnus Ph.D.%, Ezra Susser Ph.D.>%, W. lan Lipkin’, Ted Reichborn-Kjennerud, Ph.D.%,
Camilla Stoltenberg Ph.D.}#, Somer Bishop Ph.D.*, Audrey Thurm Ph.D.*3

*Equal first authors, *Equal last authors

t+ Sadly, Pal Surén died on 22 September, 2022, after the submission of the manuscript.

!Norwegian Institute of Public Health, Oslo, Norway, 2Nic Waals Institute, Lovisenberg Diaconal
Hospital, Oslo, Norway, *Neurodevelopmental and Behavioral Phenotyping Service, National
Institute of Mental Health, Bethesda, MD, “Department of Global Public Health and Primary Care,
University of Bergen, Bergen, Norway, °New York State Psychiatric Institute, Columbia University
Medical Center, New York, NY, ®Department of Epidemiology, Mailman School of Public Health,
New York, NY, "Center for Infection and Immunity, Mailman School of Public Health and
Departments of Neurology and Pathology, Vagelos College of Physicians and Surgeons of
Columbia University, New York, NY, 8UCSF Weill Institute for Neurosciences, University of
California, San Francisco, San Francisco, CA, SPROMENTA Research Centre, Department of

Psychology, University of Oslo, Oslo, Norway

Abbreviated title: Social-communication skill onset and loss

Word count: 4641 (excluding references and tables)

Dr. Bishop receives royalties from the Autism Diagnostic Observation Schedule, 2" Edition
(ADQOS-2). All profits from her own research, clinical work, and training are donated to charity.

The other authors report no conflicts of interest.



Social-communication skill onset and loss 2

Abstract
Background: Delays and loss of early-emerging social-communication skills are often discussed as
unique to autism. However, most studies of regression have relied on retrospective recall and
clinical samples. Here we examine attainment and loss of social-communication skills in the
population-based Norwegian Mother, Father and Child Cohort Study (MoBa).
Methods: Mothers rated their child’s attainment of 10 early-emerging social-communication skills
at ages 18 and 36 months (N=40,613, 50.9% male). Prospectively reported loss was defined as skill
presence at 18 months but absence at 36 months. At 36 months, mothers also recalled whether the
child had lost social-communication skills. The Norwegian Patient Registry was used to capture
diagnoses of Autism Spectrum Disorder (autism) and other neurodevelopmental disabilities
(NDDs).
Results: Delay in at least one skill was observed in 14% of the sample and loss in 5.4%. Recalled
loss of social-communication skills was rare (0.86%) and showed low convergence with
prospectively reported loss. Delay and especially loss were associated with elevated odds of an
autism diagnosis (n=383) versus no autism diagnosis (n=40,230) (>3 skills delayed:
OR=7.09[4.15,12.11]; >3 skills lost: OR=30.66[17.30,54.33]). They were also associated with
increased likelihood of autism compared to some other NDDs. Delay (relative risk [RR]=4.16[2.08,
8.33]) and loss (RR=10.00[3.70, 25.00]) associated with increased likelihood of autism versus
ADHD, and loss (RR=4.35[1.28,14.29]), but not delay (RR=2.00[0.78,5.26]), associated with
increased likelihood of autism compared to language disability. Conversely, delay conferred
decreased likelihood of autism versus intellectual disability (RR=0.11[0.06,0.21]), and loss was not
reliably associated with likelihood of autism versus intellectual disability (RR=1.89[0.44,8.33]).
Conclusions: This population-based study suggests that loss of early social communication skills is

more common than studies using retrospective report have indicated and is observed across several
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NDD diagnoses (not just autism). Nevertheless, across diagnoses, the majority of children showed
no reported delay or loss in these prospectively measured skills.
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Abbreviations: The Norwegian Mother, Father and Child Cohort Study (MoBa); Medical Birth
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Introduction

Regression, the loss of previously acquired skills, was recognized as a feature of autism in
the earliest descriptions (Kanner, 1943; Kanner & Eisenberg, 1953). While language regression was
an early focus, more recent studies found that decreases in general social engagement may comprise
most of the regression reported in autism (Barger, Campbell, & McDonough, 2013). Recent
conceptualizations also emphasize that regression is not simply dichotomous, but varies in degree,
and is best captured in the context of the individual’s developmental trajectory (Ozonoff & losif,
2019; Thurm, Powell, Neul, Wagner, & Zwaigenbaum, 2018).

Estimates of regression prevalence in autism are derived from a variety of sources (Barger et
al., 2013), including neurology clinics (McVicar, Ballaban-Gil, Rapin, Moshe, & Shinnar, 2005;
Shinnar et al., 2001), autism diagnostic clinics (Hansen et al., 2008; Lord, Shulman, & DiLavore,
2004; Luyster et al., 2005), internet-based registries (Kalb, Law, Landa, & Law, 2010), and some
population-based samples (Baird et al., 2008; Brignell et al., 2017; Taylor et al., 2002; Wiggins,
Rice, & Baio, 2009). Most studies have used retrospective interviews or questionnaires at the time
of diagnosis. However, retrospective recall of regression does not reliably agree with prospective
clinical observation, particularly for subtle aspects of social-communication (Ozonoff & losif,
2019). Further, studies that prospectively track attainment and loss of skills (e.g., infant sibling
studies) are limited by their relatively small, non-representative samples, and diagnostic follow-up
windows that do not extend past the early developmental period (Pearson, Charman, Happé, Bolton,
& McEwen, 2018). This makes it difficult to understand associations between early skill loss and
later diagnoses of autism or other neurodevelopmental disabilities (NDDs) (Szatmari et al., 2016).

Outside of autism, much of the work on regression has been in the context of
neurodegenerative disorders or rare genetic conditions, including those wherein regression is a
diagnostic feature (Goin-Kochel, Trinh, Barber, & Bernier, 2017; Spagnoli, Fusco, & Pisani, 2021,
Thurm et al., 2018). Exceptions include data from convenience samples suggesting that language

loss occurs (rarely) among children with language disability without autism and average-range
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nonverbal cognition (Pickles et al., 2009), and that loss is retrospectively reported in a range of
NDDs (Brignell et al., 2017; Luyster et al., 2005; Thurm, Manwaring, Luckenbaugh, Lord, &
Swedo, 2014). However, because retrospective reports are collected after the point of clinical
referral, or as part of research targeting children identified as high risk for developmental problems,
there is a gap in knowledge about skill loss at the population level. While at least one population-
based study indicated that retrospectively reported early loss of language skills is not unique to
autism (Baird et al., 2008), other types of loss were not evaluated.

Historically, when regression status has been used to stratify autism samples into more
phenotypically or genetically homogeneous subgroups, it is defined based on loss of specific skills
(e.g., language loss), and without regard to whether the skill had been acquired on-time. This
method of categorization may have contributed to the apparent unique association with autism, as
the delayed acquisition of skills among children with other NDDs (e.g., intellectual disability; ID)
may preclude the ability to show regression in early development.

Information about the acquisition of specific social-communication skills is lacking for both
the general population and those with NDDs. There are some general population convenience
sample data (e.g., Sheldrick & Perrin, 2013; Visser-Bochane, Reijneveld, Krijnen, van der Schans,
& Luinge, 2020) and reports from government and regulatory agencies (Zubler et al., 2022), about
the age by which various skills are likely to be established. In the context of NDDs, the few reports
which have jointly considered both the timing of acquisition and the presence of loss (Luyster et al.,
2005; Prescott & Ellis Weismer, 2021; Thurm et al., 2014) are subject to the same ascertainment
and retrospective reporting limitations described above. To better understand the regression
phenomenon across clinical and non-clinical populations, it is necessary to examine the initial
attainment of skills as a pre-requisite to any loss of those skills, and to do so before the point of
clinical referral. This information is also critical to forming a more complete picture of the early
developmental course associated with various behaviorally defined conditions, which is ultimately

needed to identify mechanisms underlying their associated impairments.
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For insights into attainment and loss of early social-communication skills in the general
population, we used the Norwegian Mother, Father and Child Cohort Study (MoBa), a population-
based prospective pregnancy cohort study. Population-based samples help reduce recall or other
types of bias that affect retrospective (Hus, Taylor, & Lord, 2011) or even prospective (Ozonoff et
al., 2011) parent reports in at-risk samples. By linking MoBa to the nationwide patient registry, we
were able to examine how patterns of attainment and loss of social-communication skills are
associated with a later diagnosis of autism, compared with 1D, language disability and other NDDs.

Methods
Sample

MoBa is a population-based pregnancy cohort study conducted by the Norwegian Institute
of Public Health (Magnus et al., 2016). Participants were recruited country-wide from 1999 to 2008.
The participation rate among pregnancies approached for recruitment was 41%. The cohort includes
approximately 114,500 children, 95,200 mothers and 75,200 fathers. This study is based on version

10 of the quality-assured data files released for research in June 2017.

Ethical considerations

The establishment of MoBa and initial data collection was based on a license from the
Norwegian Data Protection Agency and approval from The Regional Committees for Medical and
Health Research Ethics (REC). MoBa is currently regulated by the Norwegian Health Registry Act.
All participating mothers and fathers in MoBa provided informed written consent. This study was

approved by REC (2013/201).

Measures
Prospectively reported skills
From instruments designed to screen for developmental delays in social-communication

(Modified Checklist for Autism in Toddlers (Robins, Fein, Barton, & Green, 2001); Early
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Screening for Autistic Traits (Swinkels et al., 2006), and the Social-communication Questionnaire
(Rutter, Bailey, & Lord, 2003)), we selected 10 items with yes/no response format: showing
objects, imitating, pointing to indicate interest, showing interest in peers, following pointing
gesture, responsive smiling, responding to name, easy to make eye contact with, responding to
speech, communicative facial expressions (Table S1 and S2).

Each skill was coded using a three-level scheme: “delayed” if the parent endorsed “no” on
the 18-month questionnaire, “attained and maintained” if the parent endorsed “yes” on both the 18-
month and 36-month questionnaire, and “lost” if the parent endorsed “yes” at 18 months and “no”
at 36 months. Missingness across the 10 skills is shown in Table S3. Based on their values across
all 10 skills, each participant was assigned to one of four profiles: 1) Neither delay nor loss, 2) delay
in >1 skill with no loss, 3) loss of >1 skill with no delay, and 4) combined delay and loss (>1
delayed and >1 lost). We note that the degree of delay is not reflected in these categories; the
typical age of attainment for the selected items had a wide range, but lack of attainment of any skill
by 18 months was coded in the same way (“delayed”). The duration of loss could not be captured
through this coding scheme.
Retrospective recall loss of skills

While the 36-month questionnaire did not ask specifically about whether each of the 10
skills were lost individually, two items were drawn from the 36-month questionnaire on recalled
loss of social-communication skills since the age of 18 months: “Has your child lost any social
skills (e.g., could wave or say “Hi” to greet someone, then lost this skill)?”, and “Has your child
turned out to be less sociable (e.g., he/she is more difficult to have eye contact with, is less
interested in other people now)?”. Responses were binary (yes/no; “not sure” treated as missing).
The binary summary variable “Any recalled social-communication loss” was coded as present if at
least one of the two items was endorsed “yes,” and absent otherwise (treated as missing if either

item was missing).



Social-communication skill onset and loss 8

Recalled loss of language and motor skills was included for descriptive purposes: “Has your
child lost any language skills (for example, used single words or sentences for a time and then
stopped using the words)?”” and “Has your child lost any motor skills (e.g., could run and jump
while remaining steady, but falls over much more now)?”. The duration of loss was not captured.
Clinical diagnoses

Information about NDD diagnoses was obtained from the Norwegian Patient Registry
(Bakken, Ariansen, Knudsen, Johansen & Vollset, 2020), which capture all diagnoses from
government-financed hospitals and outpatient clinics, coded using the International Classification of
Diseases, Tenth Revision (World Health Organization, 2008). We included all diagnoses of autism
(F84: Childhood autism/Atypical autism/Asperger syndrome/Childhood disintegrative
disorder/Pervasive Developmental Disorder-Not Otherwise Specified), ID (F70-F79), language
disability (LD) (F80), and ADHD (F90) registered from 2008 through 2018 (age range at end of
follow-up: 9-19).

Other characteristics

MBRN provided information on the child’s sex and birth year, and the MoBa maternal-
report questionnaires on age at questionnaire completion, maternal education, age at first walking
(36-month questionnaire), age at first words and phrases (5-year questionnaire), and whether the
child had been referred to educational/psychiatric/habilitation services by age 36 months.

Statistical Analysis

First, we aimed to describe patterns of early social-communication skill attainment in a
population-based sample. We used descriptive statistics to examine the sample proportion with
prospectively reported neither delay nor loss, delay only, loss only, and combined delay and loss,
and to summarize the demographic (sex, maternal education), early developmental (major
milestones), and clinical characteristics (NDD diagnoses) of these profiles. We also summarized the
milestone responses at the skill level (Table S4), though to increase reliability of measurement,

analysis was based on the summary of all items rather than single items (see Methods). To anchor
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the prospective results to existing literature on retrospectively recalled loss, we calculated
descriptive agreement statistics, including sensitivity, specificity, and positive predictive value of
retrospective recall corresponding to prospective report.

Second, we aimed to evaluate the relationship between delayed acquisition of skills, loss of
skills, and autism diagnosis. Accordingly, we used binomial logistic regression to model autism
diagnosis (versus no autism diagnosis, to include children with other diagnoses) as a function of the
number of skills which were delayed (O/reference, 1, 2, or 3+) and the number of skills which were
lost (O/reference, 1, 2, or 3+). While we did not hypothesize an interaction between loss and delay,
we planned to include this term in the model and retain only if it contributed robustly (i.e., p-value
< 0.10). The parameters in this model are expressed as odds ratios, where an autism diagnosis is the
event. When an event is rare, odds ratios and relative risk ratios are generally interchangeable
(Sedgwick, 2014).

We expanded upon this model to examine whether the skill delay and/or loss were
specifically associated with an autism diagnosis or more broadly with a range of NDD diagnoses.
We used multinomial logistic regression to model NDD diagnostic outcome (autism, ID, LD,
ADHD, and none).For the purpose of this analysis, diagnosis was assigned hierarchically to
compare autism with ID, LD and ADHD (autism > ID > LD > ADHD). The parameters in this
model are expressed as relative risk ratios.

For all main analyses, complete-case analysis was used, restricting to children with data on
all 10 social-communication skills at 18 and 36 months of age (participant disposition in Figure
S1). We compared the subsample with complete data to the rest of the cohort on background
characteristics and proportions with autism, ID, LD, ADHD (Table S5). Given that complete case
analysis can be biased by selective attrition, we performed sensitivity analyses assessing the impact
of missing data on the results by using inverse probability weighting. We weighted the included
participants by the inverse of the probability of being included in the complete-case analysis,

deriving the weights from a logistic regression model using key background variables and
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diagnostic group outcomes as predictors (see Table S5). All regression models included the

covariates child’s sex, birth year, and age at completion of the 18- and 36-month questionnaires,

and standard errors were robustly estimated with clustering by maternal reporter to account for

sibships (n=4,804). All covariates (child’s sex, birth year, and age at completion of the 18- and 36-

month questionnaires) were specified a priori and retained in the models no matter their effect size.
Results

A total of 40,613 children (n=20,665[50.88%] male) were included (Figure S1). The
prevalence of any NDD diagnosis was 4.53% (n = 1,840); n = 1,546 (3.81% of total) had only one
diagnosis, n = 254 (0.63%) had two diagnoses, and n = 40 (0.10%) had three or four diagnoses. The
prevalence of NDD diagnosis (not mutually exclusive) was highest for ADHD (n=1,340, 3.30%),
followed by autism (n=383, 0.94%), LD (n=319, 0.79%), and ID (n=135, 0.33%). The pattern of
attaining all skills by 18 months and maintaining them at 36 months was most common (82.11% of
all children) (Table 1 and Table S6). Of the remaining attainment patterns, Delay with no loss was
the largest (12.51%), followed by Loss with no delay (3.91%) and Combined delay and loss
(1.47%).

Among children with available data (n=40,023), 0.86% had retrospectively recalled social-
communication skill loss by 36 months. Of 345 with retrospective loss and 2,077 with prospective
loss, only 70 reported loss both prospectively and retrospectively. Correlation between the two
sources was poor (¢=.06). Comparing retrospective to prospective loss, the sensitivity (proportion
with prospective loss who had retrospective loss; 3.37%) and positive predictive value (proportion
with retrospective loss who had prospective loss; 20.29%) were very low. As loss in general was
relatively rare, specificity (proportion without retrospective loss who also did not have prospective
loss; 99.28%) and negative predictive value (proportion without prospective loss who also did not
have retrospective loss; 94.94%) were high.

Table 2 and Table S7 shows the sample demographic and developmental characteristics,

summarized by NDD diagnostic group. While the rate of loss (with or without delay) was highest

10
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for 1D, the rate of loss in the absence of delay was highest for the autism group. As shown in Figure
1, social-communication skill acquisition patterns characterized by any loss or delay were most
common for the ID group, followed by autism, LD, ADHD, and no diagnosis. We quantified the
relationship of skill delay and loss to later autism diagnosis using binomial logistic regression,
showing that increasing numbers of both delayed and lost skills were associated with increased odds
of an autism diagnosis (relative to no autism diagnosis, with or without other NDD diagnosis)
(Table 3; IPW results in Table S8. However, loss was more strongly associated with an autism
diagnosis (with or without other NDD diagnosis) than was delay. Although children with >3
delayed skills had much greater odds of an autism diagnosis than those with no delayed skills
(OR=7.09[4.15,12.11]), this value was even higher for children with >3 lost skills
(OR=30.66[17.30,54.33]).

We next used multinomial logistic regression to probe whether the associations between
skill delay and loss were specific to autism diagnosis (Figure 2; Table S9A). The interaction term
between delay and loss was omitted because of large p-value. Increasing number of delayed skills
were related to increasing risk of an ID diagnosis compared to an autism diagnosis. Whereas
increasing numbers of lost skills were related to increased risk of an autism diagnosis compared to
ID, the 95% confidence intervals for the relative risk ratios included 1. Increasing numbers of
delayed and lost skills were both related to increased risk of an autism diagnosis compared to a LD
diagnosis, though the effects were more robust for loss than delay. Finally, both delay and loss were
associated with increased relative risk of autism in comparison to ADHD. The results of the inverse
probability weighted analyses were consistent with the results from the primary complete-case
analyses (Table S9 B). Further, we found similar results when stratifying the sample based on ID
diagnosis (Table S9 C). Excluding children diagnosed with Rett Syndrome (n=3) did not affect the
results.

Discussion

11
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This study addresses a major gap in understanding of early social-communication
development by exploring prospectively recorded acquisition and loss of several specific social-
communication skills, and subsequent NDD diagnoses, in a population-based sample. While we
found that both delay and loss in social-communication skills was associated with later autism
diagnosis, all NDD diagnostic groups experienced higher rates of delay and loss in social-
communication skills than those without any NDD diagnosis.

Our findings may help define typical attainment patterns of social-communication skills,
which is needed to inform the development of guidelines for identifying social-communication
delays (Gadomski, Riley, Scribani, & Tallman, 2018; Zubler et al., 2022). In this general population
sample, 82% were reported to have attained all 10 early emerging social-communication skills by
18 months, supporting the idea that these skills are typically attained by 18 months and may be
useful when screening for developmental delays in very young children. Prospectively collected
population-based data may also be helpful in generating a more detailed understanding of the
specific timing of individual social-communication milestone attainment, as has recently been done
with language milestones (Visser-Bochane et al., 2020).

Both delay and loss of social-communication skills were more common among children
who later received NDD diagnoses than those who did not; delays and/or loss were reported in two-
thirds of the ID group, 43% of the autism group, 34% of the LD group and 22% of the ADHD
group. That loss of social-communication skills was observed to some extent in all NDD diagnostic
groups suggests that it is best conceptualized as a sign of risk for NDDs generally, rather than
autism specifically. These findings add to a growing body of literature highlighting the need to
describe early developmental phenotypes among populations at risk for NDDs that may not
manifest fully in the first 3 years of life (Ozonoff, Young, et al., 2018; Stenberg et al., 2021).

Despite the association between loss and NDD diagnoses, an important finding is that a

substantial proportion of each diagnostic group showed neither delay nor loss across a range of

12
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social-communication skills. Thus, clinicians should not view the apparent absence of delay or loss
in the first years of life as clear evidence of typical development.

The prevalence of skill loss estimated by this study is much lower than that of recent prospective
behavioral coding studies (Ozonoff et al., 2010), which is likely attributable to differences in
methodology. As shown in recent work that compares methods and reporters (Ozonoff, Gangi, et
al., 2018) behavioral coding that captures frequency and uses a dimensional approach is likely to be
more sensitive to subtler changes, allowing for more opportunities for a child to evidence skill loss
than with the high-level and very specific parent report questions used in the current study. Further,
the strikingly low sensitivity (3.36%) and low positive predictive value (20.29%) of retrospective
recall of social-communication loss for detecting prospectively reported loss corroborates others’
findings that existing estimates of regression—based largely on retrospective report—may be
underestimates (Ozonoff, Gangi, et al., 2018; Ozonoff, Li, et al., 2018). Taken together, these
findings add to a growing body of research on skill loss, which underscores the importance of
carefully considering how “loss” is operationalized and calling into question the validity of
retrospectively reported regression as a stratification factor in autism research (Goin-Kochel et al.,

2017; Pearson et al., 2018).

Limitations

The population-based cohort ascertainment and the large sample size of prospectively
collected data are primary strengths. However, as for all cohort studies, MoBa has certain
participation biases, such as underrepresentation of younger parents and those with lower education
(Biele et al., 2019; Magnus et al., 2016; Nilsen et al., 2009). There were also missing data on the
repeated rating of the 10 social skills. However, we carried out inverse probability weighting on
variables associated with missing data and found consistent results, suggesting that our findings
were not substantially impacted by missing data bias. Further, we were unable to capture any NDD

diagnoses occurring after age 9 for the youngest children in MoBa. The resulting misclassification

13
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may have weakened the predictive power of the delay and loss variables. We selected only
behaviors with consistent response scales, but the use of multiple forms may have contributed to
measurement error. Because of the way prospective loss was categorized (a skill present at 18
months which was not present at 36 months), lack of test-retest reliability in parent report was
indistinguishable from true loss. This may have inflated the rate of prospective loss. Conversely, the
rate of loss may have been deflated by excluding loss which occurred prior to 18 months, after 36
months, or in skills not assessed. We also point out differences in how data was collected such that
retrospective loss was ascertained via broad questions with only a few examples, and parents may
or may not have been thinking of the exact same 10 skills that were described in the other
questionnaires that were obtained prospectively when responding to the retrospective items. The
focus of this study on prospectively reported loss of discrete social-communication skills, rather
than broad categories, may limit comparability between the rates of delay and loss observed here
and in other studies. Future studies could examine if diagnostic groups are differentiated further
based on profiles of delays and losses in specific skills.
Conclusion

There is growing consensus that early skill acquisition and onset patterns among children
with autism and other NDDs may provide important insights relevant to clinical management and
scientific understanding of these conditions. Further, numerous studies indicate that information
about the timing of delays in and losses of skills during NDD onset is best captured through
prospective means (Pearson et al., 2018; Zhang et al., 2019). Our study provides evidence that while
both delay and loss of early social-communication skills are associated with NDD diagnoses, they
are neither specific to nor uniformly observed within autism. This highlights the need for a more
nuanced conceptualization of the relationship between skill loss and autism, considering both
degree and domain of skill loss, as well as recognition that it is not specific to autism. Clinically,
these results support the current American Academy of Pediatrics recommendation to ask about

developmental milestone acquisition multiple times during early development (Hyman, Levy, &

14
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Myers, 2020). This will likely yield more cases of possible loss, which should be considered an

early indicator of risk for NDDs.

Acknowledgments:

The Norwegian Mother, Father and Child Cohort Study is supported by the Norwegian
Ministry of Health and Care Services and the Ministry of Education and Research.
MoBa data collection on social-communication skills was partly supported by the Autism Birth
Cohort Study, which was supported by the National Institutes of Health/National Institute of
Neurological Disorders and Stroke (U01 NS047537). This work was also supported in part by the
South-Eastern Norway Regional Health Authority (2020022 to Alexandra Havdahl, 2012101 to
Anne-Siri @yen), the Research Council of Norway (274611 to Ted Reichborn-Kjennerud), the
Intramural Research Program of the NIMH (ZIC-MH002961 to Audrey Thurm), and the Eunice
Kennedy Shriver National Institute of Child Health and Human Development (NICHD;
R0O1HDO093012 to Somer Bishop). The views expressed in this article do not necessarily represent
the views of the institutions or funders (including the National Institutes of Health, the Department
of Health and Human Services, or the United States Government).

We are grateful to all the participating families in Norway who take part in the on-going
MoBa cohort. We thank Synnve Schjglberg, Michaeline Bresnahan, Deborah Hirtz, Mady Hornig,
George Davey Smith and Catherine Lord for their comments on a conference abstract including
parts of this work on a previous version of the MoBa data files. We thank Sheila Ghods and Stian
Valand for their assistance with formatting and references. We dedicate this work to the memory of
Pal Surén, who was a brilliant researcher and a dear colleague and friend to many of us.

Data from the Norwegian Patient Registry has been used in this publication. The
interpretation and reporting of these data are the sole responsibility of the authors, and no

endorsement by the Norwegian Patient Registry is intended nor should be inferred.

15



Social-communication skill onset and loss 16

Corresponding author:
Alexandra Havdahl
PROMENTA Research Center
Department of Psychology
University of Oslo

Oslo, Norway

Alexandra.Havdahl@psykologi.uio.no

Key Points:
e Prospective population-based data are crucial for understanding the timing of skill
attainment and frequency of loss of social-communication skills.
e A large population-based sample with diagnostic outcomes was used to show that most
social-communication skills are attained by 18 months in typically developing children.
e Both delay and loss of social-communication skills occur between 18 and 36 months among
children diagnosed with varied neurodevelopmental conditions (autism spectrum disorder,

intellectual disability, language disability, and attention deficit hyperactivity disorder).

16



Social-communication skill onset and loss 17

References

Baird, G., Charman, T., Pickles, A., Chandler, S., Loucas, T., Meldrum, D., . . . Simonoff, E. (2008).
Regression, developmental trajectory and associated problems in disorders in the autism spectrum:
the SNAP study. J Autism Dev Disord, 38(10), 1827-1836. doi:10.1007/s10803-008-0571-9

Barger, B. D., Campbell, J. M., & McDonough, J. D. (2013). Prevalence and onset of regression within
autism spectrum disorders: a meta-analytic review. J Autism Dev Disord, 43(4), 817-828.
doi:10.1007/s10803-012-1621-x

Biele, G., Gustavson, K., Czajkowski, N. O., Nilsen, R. M., Reichborn-Kjennerud, T., Magnus, P. M., . . .
Aase, H. (2019). Bias from self selection and loss to follow-up in prospective cohort studies.
European Journal of Epidemiology, 34(10), 927-938. doi:10.1007/s10654-019-00550-1

Brignell, A., Williams, K., Prior, M., Donath, S., Reilly, S., Bavin, E. L., ... Morgan, A. T. (2017). Parent-
reported patterns of loss and gain in communication in 1- to 2-year-old children are not unique to
autism spectrum disorder. Autism, 21(3), 344-356. d0i:10.1177/1362361316644729

Gadomski, A. M., Riley, M. R., Scribani, M., & Tallman, N. (2018). Impact of "Learn the Signs. Act Early."
Materials on Parental Engagement and Doctor Interaction Regarding Child Development. J Dev
Behav Pediatr, 39(9), 693-700. doi:10.1097/dbp.0000000000000604

Goin-Kochel, R. P., Trinh, S., Barber, S., & Bernier, R. (2017). Gene Disrupting Mutations Associated with
Regression in Autism Spectrum Disorder. J Autism Dev Disord, 47(11), 3600-3607.
doi:10.1007/s10803-017-3256-4

Hansen, R., Ozonoff, S., Krakowiak, P., Angkustsiri, K., Jones, C., Deprey, L., ... Hertz-Picciotto, I. (2008).
Regression in autism: prevalence and associated factors in the CHARGE Study. Ambulatory
Pediatrics, 8(1), 25-31.

Hus, V., Taylor, A., & Lord, C. (2011). Telescoping of caregiver report on the Autism Diagnostic Interview-
-Revised. Journal of Child Psychology and Psychiatry and Allied Disciplines, 52(7), 753-760.
doi:10.1111/j.1469-7610.2011.02398.x

Hyman, S. L., Levy, S. E., & Myers, S. M. (2020). Identification, Evaluation, and Management of Children

With Autism Spectrum Disorder. Pediatrics, 145(1). doi:10.1542/peds.2019-3447

17



Social-communication skill onset and loss 18

Kalb, L. G., Law, J. K., Landa, R., & Law, P. A. (2010). Onset patterns prior to 36 months in autism
spectrum disorders. J Autism Dev Disord, 40(11), 1389-1402. doi:10.1007/s10803-010-0998-7

Kanner, L. (1943). Autistic disturbances of affective contact. Nervous Child, 2.

Kanner, L., & Eisenberg, L. (1953). Notes on the follow-up studies of autistic children. Paper presented at
the Proceedings of the annual meeting of the American Psychopathological Association.

Lord, C., Shulman, C., & DiLavore, P. (2004). Regression and word loss in autistic spectrum disorders.
Journal of Child Psychology and Psychiatry, 45(5), 936-955. doi:10.1111/j.1469-7610.2004.t01-1-
00287.x

Luyster, R., Richler, J., Risi, S., Hsu, W., Dawson, G., Bernier, R., .. . McMahon, W. (2005). Early
regression in social communication in autism spectrum disorders: a CPEA Study. Developmental
Neuropsychology, 27(3), 311-336.

Magnus, P., Birke, C., Vejrup, K., Haugan, A., Alsaker, E., Daltveit, A. K., . .. Stoltenberg, C. (2016).
Cohort Profile Update: The Norwegian Mother and Child Cohort Study (MoBa). Int J Epidemiol,
45(2), 382-388. doi:10.1093/ije/dyw029

McVicar, K. A., Ballaban-Gil, K., Rapin, I., Moshe, S. L., & Shinnar, S. (2005). Epileptiform EEG
abnormalities in children with language regression. Neurology, 65(1), 129-131.
doi:10.1212/01.wnl.0000167193.53817.0f

Nilsen, R. M., Vollset, S. E., Gjessing, H. K., Skjaerven, R., Melve, K. K., Schreuder, P., ... Magnus, P.
(2009). Self-selection and bias in a large prospective pregnancy cohort in Norway. Paediatr Perinat
Epidemiol, 23(6), 597-608. doi:10.1111/j.1365-3016.2009.01062.x

Ozonoff, S., Gangi, D., Hanzel, E. P., Hill, A., Hill, M. M., Miller, M., . . . losif, A. M. (2018). Onset
patterns in autism: Variation across informants, methods, and timing. Autism Res, 11(5), 788-797.
doi:10.1002/aur.1943

Ozonoff, S., & losif, A. M. (2019). Changing conceptualizations of regression: What prospective studies
reveal about the onset of autism spectrum disorder. Neurosci Biobehav Rev, 100, 296-304.
doi:10.1016/j.neubiorev.2019.03.012

Ozonoff, S., losif, A. M., Baguio, F., Cook, I. C., Hill, M. M., Hutman, T., ... Young, G. S. (2010). A
prospective study of the emergence of early behavioral signs of autism. J Am Acad Child Adolesc

Psychiatry, 49(3), 256-266.6251-252.
18



Social-communication skill onset and loss 19

Ozonoff, S., losif, A. M., Young, G. S., Hepburn, S., Thompson, M., Colombi, C., . . . Rogers, S. J. (2011).
Onset patterns in autism: correspondence between home video and parent report. Journal of the
American Academy of Child and Adolescent Psychiatry, 50(8), 796-806 e791.
doi:10.1016/j.jaac.2011.03.012

Ozonoff, S., Li, D., Deprey, L., Hanzel, E. P., & losif, A. M. (2018). Reliability of parent recall of symptom
onset and timing in autism spectrum disorder. Autism, 22(7), 891-896.
d0i:10.1177/1362361317710798

Ozonoff, S., Young, G. S., Brian, J., Charman, T., Shephard, E., Solish, A., & Zwaigenbaum, L. (2018).
Diagnosis of Autism Spectrum Disorder After Age 5 in Children Evaluated Longitudinally Since
Infancy. J Am Acad Child Adolesc Psychiatry, 57(11), 849-857.e842. doi:10.1016/j.jaac.2018.06.022

Pearson, N., Charman, T., Happé, F., Bolton, P. F., & McEwen, F. S. (2018). Regression in autism spectrum
disorder: Reconciling findings from retrospective and prospective research. Autism Res, 11(12),
1602-1620. doi:10.1002/aur.2035

Pickles, A., Simonoff, E., Conti-Ramsden, G., Falcaro, M., Simkin, Z., Charman, T., . . . Baird, G. (2009).
Loss of language in early development of autism and specific language impairment. J Child Psychol
Psychiatry, 50(7), 843-852. d0i:10.1111/j.1469-7610.2008.02032.x

Prescott, K. E., & Ellis Weismer, S. (2021). Children with ASD and Communication Regression: Examining
Pre-Loss Skills and Later Language Outcomes Through the Preschool Years. J Autism Dev Disord.
d0i:10.1007/s10803-021-05098-2

Robins, D. L., Fein, D., Barton, M. L., & Green, J. A. (2001). The Modified Checklist for Autism in
Toddlers: an initial study investigating the early detection of autism and pervasive developmental
disorders. J Autism Dev Disord, 31(2), 131-144.

Rutter, M., Bailey, A., & Lord, P. (2003). The Social Communication Questionnaire.

Sedgwick, P. (2014). Relative risks versus odds ratios. BMJ : British Medical Journal, 348, g1407.
doi:10.1136/bmj.g1407

Sheldrick, R. C., & Perrin, E. C. (2013). Evidence-based milestones for surveillance of cognitive, language,

and motor development. Acad Pediatr, 13(6), 577-586. doi:10.1016/j.acap.2013.07.001

19



Social-communication skill onset and loss 20

Shinnar, S., Rapin, 1., Arnold, S., Tuchman, R. F., Shulman, L., Ballaban-Gil, K., . .. Volkmar, F. R. (2001).
Language regression in childhood. Pediatric Neurology, 24(3), 183-189. doi:S0887899400002666
[pii]

Spagnoli, C., Fusco, C., & Pisani, F. (2021). Rett Syndrome Spectrum in Monogenic Developmental-
Epileptic Encephalopathies and Epilepsies: A Review. Genes (Basel), 12(8).
doi:10.3390/genes12081157

Stenberg, N., Schjglberg, S., Shic, F., Volkmar, F., @yen, A. S., Bresnahan, M., . . . @ien, R. A. (2021).
Functional Outcomes of Children Identified Early in the Developmental Period as at Risk for ASD
Utilizing the The Norwegian Mother, Father and Child Cohort Study (MoBa). J Autism Dev Disord,
51(3), 922-932. doi:10.1007/s10803-020-04539-8

Swinkels, S. H., Dietz, C., van Daalen, E., Kerkhof, I. H., van Engeland, H., & Buitelaar, J. K. (2006).
Screening for autistic spectrum in children aged 14 to 15 months. I: the development of the Early
Screening of Autistic Traits Questionnaire (ESAT). J Autism Dev Disord, 36(6), 723-732.

Szatmari, P., Chawarska, K., Dawson, G., Georgiades, S., Landa, R., Lord, C., . . . Halladay, A. (2016).
Prospective Longitudinal Studies of Infant Siblings of Children With Autism: Lessons Learned and
Future Directions. Journal of the American Academy of Child & Adolescent Psychiatry, 55(3), 179-

187. doi:https://doi.org/10.1016/j.jaac.2015.12.014

Taylor, B., Miller, E., Lingam, R., Andrews, N., Simmons, A., & Stowe, J. (2002). Measles, mumps, and
rubella vaccination and bowel problems or developmental regression in children with autism:
population study. Bmj, 324(7334), 393-396.

Thurm, A., Manwaring, S. S., Luckenbaugh, D. A., Lord, C., & Swedo, S. E. (2014). Patterns of skill
attainment and loss in young children with autism. Dev Psychopathol, 26(1), 203-214.
doi:10.1017/s0954579413000874

Thurm, A., Powell, E. M., Neul, J. L., Wagner, A., & Zwaigenbaum, L. (2018). Loss of skills and onset
patterns in neurodevelopmental disorders: Understanding the neurobiological mechanisms. Autism
Res, 11(2), 212-222. doi:10.1002/aur.1903

Visser-Bochane, M. 1., Reijneveld, S. A., Krijnen, W. P., van der Schans, C. P., & Luinge, M. R. (2020).
Identifying Milestones in Language Development for Young Children Ages 1 to 6 Years. Acad

Pediatr, 20(3), 421-429. doi:10.1016/j.acap.2019.07.003
20


https://doi.org/10.1016/j.jaac.2015.12.014

Social-communication skill onset and loss 21

Wiggins, L. D., Rice, C. E., & Baio, J. (2009). Developmental regression in children with an autism
spectrum disorder identified by a population-based surveillance system. Autism, 13(4), 357-374.
doi:10.1177/1362361309105662

World Health Organization. (2008). ICD-10 Version:2008. Retrieved from

https://icd.who.int/browse10/2008/en

Zhang, D., Bedogni, F., Boterberg, S., Camfield, C., Camfield, P., Charman, T., . . . Marschik, P. B. (2019).
Towards a consensus on developmental regression. Neuroscience & Biobehavioral Reviews, 107, 3-

5. doi:https://doi.org/10.1016/j.neubiorev.2019.08.014

Zubler, J. M., Wiggins, L. D., Macias, M. M., Whitaker, T. M., Shaw, J. S., Squires, J. K., ... Lipkin, P. H.
(2022). Evidence-Informed Milestones for Developmental Surveillance Tools. Pediatrics, 149(3).

doi:10.1542/peds.2021-052138

21


https://icd.who.int/browse10/2008/en
https://doi.org/10.1016/j.neubiorev.2019.08.014

Social-communication skill onset and loss 22

Figure 1. Overall pattern of social skill development by neurodevelopmental diagnostic group.

Note: Diagnosis was categorized hierarchically for mutually exclusive categories.

Figure 2. Relative risk ratios associated with the number of skills delayed or lost for other
diagnostic category compared to autism.

Note: Number of skills lost is listed on the Y-axis. Relative risk ratio (RR) indicates the magnitude
of risk associated with autism compared to the other diagnosis for a given number of skills
lost/delayed compared to no skills lost/delayed. The risk ratios have been parameterized so that
values >1.0 indicate a higher risk of autism than for the other diagnosis, and values <1.0 indicate a
higher risk of the other diagnosis than for autism. Both delay and loss of >=3 skills were associated
with increased relative risk of autism versus no NDD (inverse RR=9.09[5.56,16.67] and
RR=33[25,100], respectively). Loss (RR=4.35[1.28,14.29]), but not delay (RR=2.00[0.78,5.26]),
was associated with increased relative risk of autism compared to language disability. Delay
conferred decreased relative risk of autism versus intellectual disability (RR=0.11[0.06,0.21]), and
while loss was associated with increased relative risk, the confidence interval included 1

(RR=1.89[0.44,8.33]).
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Table 1: Sample characteristics by pattern of early social skills development

Social-communication skill onset and loss 23

Profile Neither delay nor Delay with No Loss Loss with No Delay = Combined Delay Total
loss and Loss
Total n n=33,348 (82.10%) n=5,080 (12.51%) n=1,587 (3.91%) n=598 (1.47%) N=40,613 (100%)
n % n % n % n % n %
Background characteristics
Male 16,451 49.33% 2,930 57.68 % 905 57.03 % 379  63.38% 20,665 50.88 %
Maternal education >13 years 24,012 7200% 3,401 66.95 % 1,086 68.43 % 379 63.38% 28,878 7111 %
Low birth weight (<2500 gram) 1,119 3.36 % 295 5.81 % 66 4.16 % 34 5.69 % 1,514 3.73%
Preterm (<37 weeks) (n=40,456) * 1,748 5.26 % 423 8.35% 95 6.03 % 45 7.55% 2,311 571 %
Congenital malformation 1,581 4.74 % 328 6.46 % 80 5.04 % 42 7.02 % 2,031 5.00 %
Clinical diagnosis
Autism (all) 217 0.65 % 93 1.83 % 37 2.33% 36 6.02 % 383 0.94 %
Autism with ID 7 0.02 % 9 0.18 % <5 - 13 2.17% 31 0.08 %
Autism without ID 210 0.63 % 84 1.65 % 35 221 % 23 3.85% 352 0.87 %
ID (w/o autism) 38 0.11% 36 0.71% 6 0.38 % 24 4.01 % 104 0.26 %
LD (w/o autism or ID) 167 0.50% 60 1.18% 12 0.76% 14 2.34% 253 0.62%
ADHD (w/o autism, ID or LD) 855 2.56% 150 2.95% 68 4.28% 27 4.52% 1,100 2.71%
Any NDD 1,277 3.83% 339 6.67 % 123 7.75 % 101  16.89% 1,840 4.53 %
1 NDD dx 1,112 3.33% 268 5.28 % 100 6.30 % 66 11.04 % 1,546 3.81%
2 NDD dx 148 0.44 % 59 1.16 % 17 1.07 % 30 5.02 % 254 0.63 %
3-4 NDD dx 17 0.05 % 12 0.24 % 6 0.38 % 5 0.84 % 40 0.10 %
Recalled loss in 36-month questionnaire?
Lost any language skills? (n= 40,549)1 413 1.24 % 101 1.99 % 54 341 % 33 5.53 % 601 1.48 %
Lost any motor skills? (n=40 538) 1 102 0.31% 25 0.49 % <5 - 6 1.01 % 137 0.34 %
Social skill 1: Lost any social skills? (n=40 137 041% 32 0.63% 17 1.07 % 14 2.35% 200 0.49 %
554) 1
Soc?al skill 2: Become less sociable? (n=40 138 0.41 % 41 0.81 % 26 1.64 % 20 3.36 % 225 0.55 %
545) 1
Any) recalled social-communication loss 213 0.65 % 62 1.25% 41 2.69 % 29 523 % 345 0.86 %

(n=40 023) *
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Has missing, total n provided in the parenthesis. 2Responses of “not sure” were treated as missing (resulting n for each question listed). Percentages are out of the total of non-
missing responses within each group. Cells with <5 individuals are shown as <5 to for anonymity. W/o=without. NDD=neurodevelopmental diagnosis. ID=intellectual disability.
LD=language disability. ADHD=attention deficit hyperactivity disorder.

Table 2: Overall skill development pattern and descriptives by neurodevelopmental diagnostic group.

No NDD Autism Autism Autism ID LD ADHD
diagnosis . . .
(all) w/o ID w/ID (w/o autism) | (w/o autism or ID) | (w/o autism, ID or
LD)
Total n n=38733 n=383 n=352 n=31 n=104 n=253 n=1100
Overall pattern of N N N N N N 0
skill attainment
r':'c‘fr”lgirsde'ay 32,071 | 82.71 | 217 | 56.66 | 210 |59.66| 7 | 2258 | 38 | 3654 | 167 66.01 855 77.73
[L)glzywnh No 4,741 | 1223 | 93 24.28 84 2386 9 | 29.03| 36 34.62 60 23.72 150 13.64
'[-)‘j;;"”th NO | 1464 | 378 | 37 | 966 | 35 | 994 | <5 | - 6 | 577 | 12 4.74 68 6.18
Combined 497 1.28 | 36 9.40 23 6.53 | 13 | 41.94 | 24 23.08 14 5.53 27 2.45
Delay and Loss
Any skill lost 1961 | 5.06 | 73 19.06 58 1648 | 15 | 4839 | 30 28.85 26 10.28 95 8.64
Any skill delayed 5,238 | 1351 | 129 | 33.68 107 [30.40 | 22 | 70.97 | 60 57.69 74 29.25 177 16.09
Recalled loss (36-
month Q)*?
Lost any
language skills? | 499 1.32 | 33 9.22 26 788 | 7 | 25.00 | 15 15.96 22 9.28 32 3.05
(n=40,549)
Lost any motor
skills? (n=40 119 | 031 | <5 - <5 - 0 0.00 8 7.84 <5 - 7 0.64
538)
Social skill 1:
Lost any social
skills? (n=40 177 0.46 9 2.42 7 204 | <5 - 6 5.94 <5 - 7 0.64
554)
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Social skill 2:
Become less
sociable? (n=40
545)
Any recalled
social-
communication
loss (=40 023)
'Has missing, total n provided in the parenthesis. 2 “Not sure” responses treated as missing (resulting n listed). Percentages are of the total of non-missing responses within group.
Cells with <5 individuals are shown as <5 for anonymity. Diagnosis was categorized hierarchically for mutually exclusive categories to compare with autism. W/o=without.
NDD=neurodevelopmental diagnosis. ID=intellectual disability. LD=language disability. ADHD=attention deficit hyperactivity disorder.

194 0.51 10 2.72 9 2.67 | <5 - 5 5.10 <5 - 13 121

304 0.79 16 4.42 13 390 | <5 - 6 6.25 <5 - 15 1.40
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Table 3. Results of logistic regression predicting autism (n=386) versus no autism diagnosis

(n=40,230) from skill delay and loss.

Odds Ratio [95% Conf. Interval]  p-value

Delayed skills (reference:0)

1 1.99 1.52 2.60 <0.0001
2 3.62 2.41 5.44 <0.0001
>=3 7.09 4.15 12.11 <0.0001

Lost skills (reference:0)

1 1.85 1.29 2.66 0.001
2 5.59 3.23 9.66 <0.0001
>=3 30.66 17.30 54.33 <0.0001

Covariates: child’s sex, birthyear, age at questionnaire completion.
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