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Background: Diagnosis of autism spectrum disorder (ASD) can be made early in childhood, but also later in adolescence or adulthood. In the latter cases, concerns about an individual's behavior typically lead to consultation of a mental health professional (MHP). As part of the initial clinical examination by the MHP, a clinical diagnostic interview is performed, in order to obtain the patient's history, and may lead to the hypothesis of ASD. We were here interested to study family and developmental history as key parts of the patient's history. The aim of the study was to investigate empirical differences between adolescents with ASD and adolescent control persons in family and developmental history.

Method: Clinical diagnostic interview items addressing family and developmental history were adopted from their regular use at several university hospitals and in leading textbooks. Parents of male adolescents with normal intelligence and an ASD diagnosis (n = 67) and parents of male adolescents without psychiatric diagnosis (n = 51) between the age of 12 and 17 years were investigated. Data were operationalized into three categories: 0 = normal behavior, 1 = minor pathological behavior, and 2 = major pathological behavior. Differences were analyzed by multiple t-test of two-way ANOVA.

Results: Adolescents with ASD expressed a profile of items significantly differing from control persons. Comparison of significant items with the empirical ASD literature indicated robust accordance.

Conclusions: Our findings support the importance and feasibility of the clinical diagnostic interview of family and developmental history for initiation of the diagnostic process of ASD in adolescents.
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INTRODUCTION

Autism spectrum disorders (ASDs) are a group of childhood-onset neurodevelopmental disorders characterized by several core symptoms including enduring impairment of social communication and interaction that occur across multiple contexts. Additionally, restricted, repetitive behaviors, and interests or activities as well as sensory symptoms can be found. ASD is a diagnostic category in the American Psychiatric Association's Diagnostic and Statistical Manual of Mental Disorders, 5th edition (1). The WHO International Classification of Diseases, 10th edition (ICD-10) (2), describes the following diagnostic categories: autism, Asperger's syndrome, and pervasive developmental disorder not otherwise specified. ASD are currently conceptualized by most researchers as a continuum of the same disorder with varying degrees of severity, associated intellectual functioning, and medical conditions (3). Recent studies estimated the prevalence of ASD to around 0.5–1% (4, 5). ASD is predominantly genetically determined with a heritability of ~90% (6).

The hypothesis-based diagnostic procedure at specialized ASD centers or teams is well established and equipped with ASD-tailored instruments, notably the gold standards Autism Diagnostic Interview—Revised (ADI-R) (7) and Autism Diagnostic Observation Schedule (ADOS) (8). However, much earlier in this diagnostic process, when there is no hypothesis yet of ASD, there are concerns about the child's, the adolescent's, or even the adult's behavior. In the following, we describe diagnostic pathways that are established but not standardized in Germany (9, 10) and may reflect the situation in other European countries as well, where the healthcare system divides into general practitioners and specialists like mental health professionals (MHPs). It should be kept in mind that healthcare systems are globally very diverse and may in other regions differ from these descriptions (11–13). In young children, the family usually consults the pediatrician or general practitioner. In older children, adolescents, or adults, an MHP may be consulted directly or by referral from other professionals. In this context, an MHP is understood as a specialist in child and adolescent psychiatry, adult psychiatry, or clinical psychology, treating patients in a general mental healthcare setting. The hypothesis of ASD made by these professionals may then lead to referral to a specialized ASD center or team, as described above, where the diagnosis of ASD can be confirmed or discarded.

The majority of ASD diagnoses are made during childhood, and much effort has been made to improve early diagnostic processes. However, time to diagnosis and diagnostic quality are not satisfactory (10, 14). A reasonable amount of ASD diagnoses are not detected before adolescence and adulthood (15). In particular, ASD is often diagnosed not before adolescence or even adulthood when accompanied by normal or high intelligence (16–18). As described above, the gatekeeper to further assessment at specialized ASD centers or teams is in this age group usually an MHP. In this study, we focus on the detection of psychopathological signs and narratives in adolescents that result in the hypothesis of ASD by MHPs and initiate specific diagnostic processes.

The psychopathological assessment by the MHP is typically tripartite including a clinical diagnostic interview, the use of general rating scales, and ideally setting-specific information like school reports (19–22) and is conducted by MHPs, as described above. The clinical diagnostic interview is a recall of memories of certain events, stored in the brains of patients and their relatives. These memories are the subjective views of patients and relatives and can differ from an objective assessment of described events. During this face-to-face-interview, patients and parents are asked questions on several domains, such as current symptoms, history of present illness, developmental history, personal history, and family history, assessed by the professional interviewer. Additionally, several structured interviews and rating scales are used for clinical assessment. For general psychopathology in children and adolescents, rating scales such as the Child Behavior Checklist (CBCL) (23), the Strengths and Difficulties Questionnaire (SDQ) (24), and the Kiddie-Sads-Present and Lifetime Version (K-SADS-PL) (25) are widely used instruments. However, these psychopathology screening tools do only touch important aspects of family and developmental history. Specific screening tools for ASD like the Social Responsiveness Scale (SRS) (26) or the Autism Spectrum Quotient (AQ) (27) are not part of the general clinical examination, as their use presupposes that there is already a hypothesis of ASD. Further, there is a fundamental “technological” difference between the clinical diagnostic interview on the one side and structured interviews and rating scales on the other side. Structured interviews and rating scales focus on obtaining a complete and specific set of data; their structuredness is at the expense of flexibility and building the relationship between a patient and an interviewer. In contrast, the clinical diagnostic interview technique is a face-to-face-interview between a patient and clinician, is part of building a professional relationship, provides maximal flexibly, and is a general tool to assess many different diagnostic hypotheses.

Family and developmental history takes an important part in the diagnosis of ASD: “Include in every autism diagnostic assessment (…) details of the child's or young person's experiences of home life, education and social care (…) a developmental history, focusing on developmental and behavioral features (…) a medical history, including prenatal, perinatal and family history, and past and current health conditions (…)” (12). The clinical diagnostic interview is as a method described in all major textbooks. However, the literature is scarce on empirical analyses of the family and developmental history data obtained in the clinical diagnostic interview. In a recent study, investigation of family and developmental history in attention-deficit/hyperactivity disorder (ADHD) patients revealed a significant profile in contrast to control subjects, and the profile could be demonstrated for robust accordance with the ADHD literature (28). To our knowledge, there is so far no empirical literature on the clinical diagnostic interview of family and developmental history, regularly performed by the MHP during the initial phase of generating an ASD hypothesis.

As indicated above, structure and exploration technique of the clinical diagnostic interview are in principle described in leading textbooks (20–22). As such, the clinical interview technique has a strong face validity among clinicians. Yet within the generally accepted canon, there is no list of concrete and detailed items to be assessed in the clinical diagnostic interview, based on empirical evidence within language areas, countries, or specialist societies. In clinical routine, the technique is used differently among individual clinicians and individual settings. To study the clinical diagnostic interview of family and developmental history in its naturalistic setting, we had created a version derived from local guidelines used at different child and adolescent psychiatry university hospitals in Germany as well as from the descriptions in leading international psychiatric textbooks (28). In the following, we will label this set of 104 items of questions on family and developmental history as “family and developmental history questionnaire.” In the naturalistic clinical setting, the MHP recognizes the answers and interprets them as age-appropriate behavior or as potentially pathological behavior. To model this step of assessment conducted by the MHP and study it quantitatively, we operationalized the mostly verbal (non-metric) data obtained with the “family and developmental history questionnaire,” into three categories (0 = normal behavior, 1 = minor pathological behavior, and 2 = major pathological behavior) (28). As family and developmental history is typically obtained from parents of patients, we assessed all data from parents of adolescents with ASD or from parents of adolescent control persons. The “family and developmental history questionnaire” was explicitly designed to study the naturalistic scenario of the initial diagnostic process by MHPs. It is not to be understood in turn as a novel structured interview by itself.

The objective of this study was to investigate with quantitative empiricism the clinical diagnostic interview technique focusing on family and developmental history, in the framework of a naturalistic setting modeling the ASD initial detection phase in adolescents, as performed by MHPs.



METHODS


Parental Participants, Adolescents With Autism Spectrum Disorder, and Control Persons

In this study, we investigated family and developmental history of adolescents with ASD and of control persons without psychiatric diagnosis, by interviewing their parents. In the following, the participants are the parents.

This sample consists of two groups of participants. The first group is parents with a child diagnosed with ASD (n = 67), and the second group is parents with a child in the absence of any psychiatric diagnosis, counseling, or treatment, referred to as control group (n = 51). Other children of the same parents did not influence the attribution to the group of participants. ASD diagnoses according to ICD-10 were Childhood Autism (F84.0), 20 children (35.7%); Atypical Autism (F84.1), seven children (12.5%); or Asperger's syndrome (F84.5), 29 children (51.8%).

Adolescents with ASD had received the diagnosis at the specialized ASD center of Child and Adolescent Psychiatry, University Hospital Carl Gustav Carus Dresden. All ASD diagnoses were made according to the diagnostic criteria of ICD-10 and the German clinical guidelines for ASD (29), under the supervision of KA, who is a board-certified specialist in child and adolescent psychiatry and head of the center. Tables 1, 2 show characteristics of participants in the ASD group and of their children, including symptom severity in ADI-R and ADOS scales. The ADI-R and ADOS data confirm that the ASD group in our study was valid under research conditions.


Table 1. Description of the sample.
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Table 2. ADI-R and ADOS measures of the adolescents with ASD.
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Control persons were adolescents selected from a community-based pool of volunteers registered for research study participation. They had never received a psychiatric or neurological diagnosis (ICD-10 chapters F and G) by their pediatrician, general practitioner, or any other healthcare professionals. The absence of a psychiatric or neurological history was checked before inclusion by the study team.

Inclusion criteria in both groups were parents of children of male gender and an age of at least 12 years. In the ASD group, diagnosis of ASD was made before the 18th birthday; in the control group, there was no psychiatric or neurological diagnosis before the 18th birthday, accordingly. As described in Table 1, ASD diagnoses were made between the age of 3 and 11. As ASD is a persistent diagnosis, it was presupposed that these individuals had an ASD diagnosis at the age of 12–17. The oldest individual with ASD was at time of inclusion in the study 26 years old; the oldest individual without psychiatric diagnosis was 23 years old. In the ASD group, one individual was included in the study 1 day before his/her 11th birthday. This single exception was based on the assumption of a persisting diagnosis of ASD at the 12th birthday. Control participants included in the study were parents of children with an IQ between 70 and 130. Parents of children with ASD and another present psychiatric disorder, or an IQ lower than 70 or higher than 135, were excluded from this study.

The study has been approved by the Ethics Committee of the University Hospital Carl Gustav Carus (reference number EK 295072016) and was performed in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki and its later amendments. Participants and also their children gave written informed consent to participate.



Recruitment
 
Recruitment of Participants

Parents of adolescents with a former or current ASD diagnosis and of adolescents without any psychiatric diagnosis were recruited as participants. Adolescents with ASD were patients at the specialized ASD center of Child and Adolescence Psychiatry, University Hospital Carl Gustav Carus, Dresden. Adolescents without any psychiatric diagnosis were selected from a community-based pool of volunteers registered for research study participation. All participants were contacted by telephone and invited for an interview. Both parents and children provided written informed consent before being included in the study.



Interviewers

Medical students from the Medical Faculty Carl Gustav Carus, Technische Universität Dresden, in their final year of medical studies, participated in the project as part of a voluntarily scientific program and without financial benefit. They were thoroughly trained in the “family and developmental history questionnaire” and were always supervised by a board-certified specialist in child and adolescent psychiatry. Interviewers were not blinded for the diagnosis of the patients and were equally distributed among both groups.



Interview

Parents and interviewers met for an agreed appointment. Family and developmental history data were collected from at least one parent. Modeling a clinical setting, a participant and an interviewer were seated face to face in an examination room of the hospital. The interviewer asked the questions in the same order as they can be found in Supplementary Table 1 and documented the answers of parents word by word.




Measures
 
Family and Developmental History Questionnaire

The “family and developmental history questionnaire” to study family and developmental history in the clinical examination scenario by the MHP has been described (28) and consists of a selection of relevant questions that could still be answered in a 45-min interview. These questions are commonly used for diagnostics at several German academic child and adolescent psychiatry departments and were aligned with leading textbooks (20–22). Questionnaires and instructions for the clinical diagnostic interview were obtained from the child and adolescent psychiatry departments at the university hospitals Göttingen, Hamm, Leipzig, Mannheim, Tübingen, Würzburg, and Dresden. Those items concerning family and developmental history were considered. The questions and possible answers are presented in Supplementary Table 1.



Operationalization

Operationalization was oriented on the CASCAP-D system, with in turn was developed for children and adolescents on basis of the AMDP System for adult patients in psychiatry and the WHO ICD-10 diagnostic inventory (30). The CASCAP-D system is used to operationalize psychopathological items. These items can be categorized into not present/regular (“0”), lightly (“1”), moderately (“2”), or severely present (“3”). For the operationalization of patient history data, most items in the “family and developmental history questionnaire” were oriented on the description of deficient or pathological behavior. In this sense, these history items were categorized into regular behavior (“0”), minor pathological (“1”), and major pathological behavior (“2”). We decided for this more simple decision tree to ensure a straightforward categorization into three options: obviously neurotypical behavior, pathological behavior as described in WHO ICD-10/DSM-V or obviously (from the viewpoint of a board-certified specialist in child and adolescent psychiatry) associated with psychiatric disorder, and behavior at risk for psychiatric disorder. This more simple categorization is similar to the K-SADS structured interview (31). Some items represented different levels of social function or burden of disease rather than psychopathology. In those cases, representing markers of social or educational functioning or degree of disease burden, history items were—in analogy—categorized into high psychosocial functioning (“0”), regular psychosocial functioning (“1”), and low psychosocial functioning (“2”) or no disease burden (“0”), low disease burden (“1”), and high disease burden (“2”), respectively.

Interviewers wrote down the answers to a specific question provided by the parents. In case of non-metric answers, interviewers made a preliminary operationalization according to the rules described above. Primary data sheets with all given answers were regularly reviewed together with the interviewers during study team meetings led by a specialist in child and adolescent psychiatry (RW), and operationalization was finalized. Modeling the scenario of the clinical diagnostic interview, a regular clinical technique performed by MHPs, the study team interpreted during the process of operationalization the answer of the parents in terms of neurotypical vs. psychopathological behavior or constellation, as described above.



Collection of Autism Diagnostic Interview—Revised and Autism Diagnostic Observation Schedule Data

The ADI-R (7) and ADOS (8) have high accuracy as diagnostic instruments in research settings. Using the semi-structured diagnostic interview ADI-R, a trained MHP asks a parent or caregiver detailed questions about development and underlying behaviors associated with ASD. The total cutoff score of the ADI-R, to be considered positive for a diagnosis of ASD, is for the communication and language domain 8 for verbal subjects. For all subjects, the cutoff for the social interaction domain is 10, and the cutoff for restricted and repetitive behaviors is 3 (32). The ADOS is a semi-structured, 45- to 60-min observation and interaction session with an evaluator and the child, assessing social communication and interaction and playing behavior. There are four modules for different age groups. ADOS values were interpreted as suggestive of a diagnosis of ASD if the subject met the cutoff values in the communication domain (score of 2 or above), social domain (4 or above), and communication and social domains (7 or above) (33).



Collection of IQ Data

The HAWIK (Hamburg-Wechsler-Intelligenztest für Kinder) is the German version of the Wechsler Intelligence Scale for Children (e.g., WISC-IV) (34). In the ASD group, IQ scores had been regularly measured using HAWIK-IV and in some cases using the previous version HAWIK-III. The IQ of the control group had been measured with HAWIK-IV.




Statistical Analysis

In accordance with the literature, established generic terms from family and developmental history were interpreted as individual families of hypotheses, representing sufficiently different research questions. In turn, items within the same generic term were corrected for multiple testing (35). In contrast, all data describing the sample (Tables 1, 2) were seen as sufficiently different units. Multiple t-tests of two-way ANOVA were performed using Prism software (GraphPad, San Diego, CA, USA). Correction for multiple testing was done by determining the false discovery rate (FDR) using the two-stage step-up method of Benjamini, Krieger, and Yekutieli. The p-value adjusted by FDR is expressed by the q-value. Differences were considered statistically significant if q < 0.05. Graphical artwork was created with Prism software. Graphs show M, standard error of the mean (SEM), and significant results from two-way ANOVA, corrected for multiple testing. The red color in the plotting area represents data about mothers of patients; blue color, data about fathers of patients; orange color, data about the whole family of patients; and green color, data about the patients themselves. One asterisk in a graph or column represents q < 0.05, two asterisks represent q < 0.01, and three asterisks represent q < 0.001. Tables show M and detailed results from two-way ANOVA. Detailed statistical results of graphs are deposited in Supplementary Table 2.




RESULTS


Socioeconomic, Psychosocial, Psychiatric, and Medical History of Parents and Grandparents

In the following, items from the “family and developmental history questionnaire” were described when there was a statistical significant difference between adolescents with ASD and control persons after correction for multiple testing. Whenever a finding was initially significant, but showed no significance after correction for multiple testing, we described it as a tendency. Supplementary Table 1 shows questions from the “family and developmental history questionnaire,” the name of the respective item, allocation of the findings in figures and tables, and finally a description of the operationalization scheme. Detailed information of statistical analyses can be found in Supplementary Table 2.

First, we assessed the history of parents and grandparents. For mothers of adolescents with ASD, lower school-leaving qualifications (associated with less years in school) were reported. For fathers of adolescents with ASD, there was a tendency for lower school-leaving qualifications (Figures 1A,B). Mothers of adolescents with ASD were more often in a part-time employment (Figure 1A). For fathers of adolescents with ASD, there was a tendency for less often achieving a university degree (Figure 1B). For mothers of adolescents with ASD, there was a tendency for fewer contact with their own parents (Figure 1C). For fathers of adolescents with ASD, a tendency for a higher rate of mental disorders was reported (Figure 1F). For maternal grandmothers and maternal grandfathers of adolescents with ASD, a tendency for a higher rate of mental disorders was reported (Figures 1G,I). For paternal grandfathers of adolescents with ASD, however, a tendency for more alcohol or drug consumption was reported (Figure 1J). For psychosocial situation at father's own home, psychiatric and medical disorders of mother and psychiatric and medical disorders of paternal mother, neither a significant difference nor a tendency was found (Figures 1D,E,H).


[image: Figure 1]
FIGURE 1. Family history. (A,F) The x-axes represent the level of educational or employment status, respectively. (B–E, G–J) The x-axes represent the level of psychiatric, psychosocial, or medical burden. Graphs show M, SEM, and results from two-way ANOVA, corrected for multiple testing. Black symbols represent autism spectrum disorder (ASD) patients, and white symbols, controls. Red color in the plotting area represents data about mothers of patients; and blue color, data about fathers of patients. *q < 0.05.




Family Relationships, Conflicts in the Family, and Family Composition at Age 12–17

The quality of relationships with other family members was not impaired in adolescents with ASD (Figure 2A). Regarding conflicts in the family, there were more persisting problems reported for adolescents with ASD (Figure 2B). The composition of family members at the age 12–17 was different for adolescents with ASD compared with control persons. The number of persons living together in the family was reduced for adolescents with ASD. Mothers of adolescents with ASD reported less pregnancies and less childbirths (Table 3A). Children with ASD lived more often together with grandparents and less frequently together with biological siblings or half siblings (Table 3B).


[image: Figure 2]
FIGURE 2. Family relationships and conflicts in the family. (A,B) The x-axes represent the level of psychosocial burden. Graphs show M, SEM, and results from two-way ANOVA, corrected for multiple testing. Black symbols represent autism spectrum disorder (ASD) patients; and white symbols, controls. Red color in the plotting area represents data about mothers of patients. *q < 0.05, and ***q < 0.001.



Table 3. Developmental history—metric data.
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Prenatal and Perinatal Maternal Psychosocial and Medical Complications and Maternal Stress

In the “family and developmental history questionnaire,” the maternal psychosocial situation during pregnancy with a baby later diagnosed with ASD was reported as unremarkable (Figure 3A). There were no differences in psychiatric and medical issues, except for less alcohol consumption of mothers pregnant with a baby later diagnosed with ASD (Figure 3B). There was increased maternal stress remembered from mothers of children with ASD from the first year of the child's life up to late childhood (Figure 3C).


[image: Figure 3]
FIGURE 3. Prenatal and perinatal maternal psychosocial and medical complications and maternal stress. (A) The x-axis represents the level of psychosocial burden. (B) The x-axis represents the level of psychiatric and medical burden. (C) The x-axis represents the level of social and cognitive burden. Graphs show M, SEM, and results from two-way ANOVA, corrected for multiple testing. Black symbols represent autism spectrum disorder (ASD) patients; and white symbols, controls. Red color in the plotting area represents data about mothers of patients. *q < 0.05, **q < 0.01, and ***q < 0.001.




Prenatal and Perinatal History and Medical History of the Child

The prenatal and perinatal history and the medical history of the child was remembered as unremarkable (Figure 4A). A tendency for more epilepsy was reported in adolescents with ASD (Figure 4B). We found no differences in birth parameters (Table 3C).


[image: Figure 4]
FIGURE 4. Prenatal and perinatal history, medical history of the child, and early childhood. (A,B) The x-axes represent the level of medical burden. (C) The x-axis represents the level of maladaptation between mother and child. (D) The x-axis represents the level of social and cognitive burden. Graphs show M, SEM, and results from two-way ANOVA, corrected for multiple testing. Black symbols represent autism spectrum disorder (ASD) patients; and white symbols, controls. Green color in the plotting area represents data about the patients themselves. *q < 0.05, **q < 0.01, and ***q < 0.001.




Early Childhood History

The behavior during early infancy is shaped by the interaction between mother and child. Parents of adolescents with ASD remembered increased crying behavior and less sensitivity of the mother (Figure 4C). Children with a diagnosis of ASD were reported using less gestures during communication at their first birthday, with less eye contact in their first year of life, and with reduced interest in language up to their first birthday. In addition, parents of children with ASD reported less double-word sentences and less active vocabulary (<50 words at the second birthday of the child) as well as more difficulties with speech (Figure 4D). Other markers of development during early childhood, as the first free steps or first words, were not remembered differently (Table 3D).



Middle Childhood History

We assessed the socio-emotional and cognitive behaviors of adolescents with ASD during preschool and primary school. Parents of children with ASD reported at both preschool and primary school age more internalizing and externalizing child behavior, less concentration of the child (Figures 5A,C), and also fewer invitations to others' birthday parties, less celebrations of own birthdays, and less firm friends (Figures 5A,B). Parents of adolescents with ASD reported more complications for the child in transition to primary school, more difficulties with teachers, more difficulties with peers, more loneliness, and more school avoidance (Figure 5B). They reported more often a school start 1 year later and reduced writing skills, reduced dictation skills, reduced calculation skills, reduced fine motor skills at preschool age, and at primary school age reduced speech skills (Figures 5A,C). Concerning school performances, adolescents with ASD received more often compensations for disadvantages at primary school. Fewer adolescents with ASD went to regular primary schools; most of them received a special needs setting in primary school or a school placement for special education (Table 3E).


[image: Figure 5]
FIGURE 5. Middle and late childhood history. (A–E) The x-axes represent the level of socio-emotional or cognitive burden. Graphs show M, SEM, and results from two-way ANOVA, corrected for multiple testing. Black symbols represent autism spectrum disorder (ASD) patients; and white symbols, controls. Green color in the plotting area represents data about the patients themselves. *q < 0.05, **q < 0.01, and ***q < 0.001.




Late Childhood History

Parents of adolescents with ASD reported more internalizing and more externalizing behaviors in late childhood. They also reported more difficulties with teachers and peers, more loneliness, and less firm friends (Figure 5D). They reported less concentration in school and more difficulties with calculation (Figure 5E). Furthermore, adolescents with ASD attended less often high school and received more often a placement in special education settings in secondary school (Table 3F).




DISCUSSION

Modeling the initial detection setting of ASD in adolescents performed by regular MHPs, we assessed here family and developmental history using the “family and developmental history questionnaire” as previously described for ADHD (28). Adolescents with ASD expressed a profile of family and developmental history items that significantly differed from adolescent control persons. Within these findings, the majority of significant items matched with descriptions in the ASD literature.


Comparison of Study Findings With the Autism Spectrum Disorder Literature
 
Socioeconomic, Psychosocial, Psychiatric, and Medical History of Parents and Grandparents

Our data showed for mothers of adolescents with ASD lower school-leaving qualifications (associated with less years in school). Mothers of adolescents with ASD were more often in a part-time employment (Figure 1A). For fathers of adolescents with ASD, there was a tendency for lower school-leaving qualifications, and they had less often a university degree (Figure 1B). This is in agreement with some studies describing lower socioeconomic status for both mothers and fathers of adolescents with ASD, including employment status. However, other studies described higher school and academic certifications (36–42).

For mothers of adolescents with ASD, we found in our data a tendency for fewer contact with their own parents (Figure 1C). In qualitative studies, increased stress and challenges in the interaction with their grandchildren were reported for grandmothers of adolescents with ASD, thus reporting some similarities (43–46). In our study, we found for fathers of adolescents with ASD a tendency for a higher rate of mental disorders (Figure 1F). This is in line with the literature, as for both mothers and fathers of children with ASD a higher rate of mental disorders was reported (47–51).

For maternal grandmothers and maternal grandfathers of adolescents with ASD, we found in our data a tendency for a higher rate of mental disorders (Figures 1G,I). For paternal grandfathers of adolescents with ASD, however, a tendency for more alcohol or drug consumption was observed (Figure 1J). For psychiatric disorders in general, a higher rate of mental disorders in grandparents of the index patient can be found in the literature. Some of those reports are specifically for ASD (43, 49, 52, 53).



Family Relationships, Conflicts in the Family, and Family Composition at Age 12–17

Our study revealed that the quality of relationships with other family members was not impaired in adolescents with ASD (Figure 2A). Regarding conflicts in the family, there were more persisting problems reported for adolescents with ASD (Figure 2B). This is in line with the ASD literature, as individual relationships in families of adolescents with ASD were not described as markedly impaired. However, families reported lower functioning of the family and decreased quality of life (54, 55). We found in our data that mothers of adolescents with ASD reported less pregnancies and less childbirths (Table 3A). It was discussed that less biological siblings and less half siblings in families with an adolescent with ASD could be an effect of “reproductive stoppage” in the family planning process of the patient's parents (56, 57). In our data, the number of persons living together in the family was reduced for adolescents with ASD during the age of 12–17, including adolescents with ASD living less frequently together with biological siblings or half siblings (Table 3B). This appears to be related to the reproductive behavior of the parents, too. Finally, in our findings, children with ASD lived more often together with grandparents (Table 3B). For this last finding, we did not find a description in the literature.



Prenatal and Perinatal Maternal Psychosocial and Medical Complications and Maternal Stress

In our study, we did not find increased prenatal and perinatal psychosocial, psychiatric, and medical complications in mothers of children with ASD, using the “family and developmental history questionnaire” (Figures 3A,B). By contrast, there is a large body of literature on small but significant prenatal and perinatal risk factors found in epidemiological cohorts, such as maternal infections and perinatal complications (58, 59). An explanation for the discrepancy between our data and the findings in the literature could be the exclusion of adolescents with ASD with intelligence deficiency in our study, which are associated with a higher burden of disease. In addition, large epidemiological studies were often based on serological data, patient files, or health registers, whereas the “family and developmental history questionnaire” solely relies on the memory of non-experts in terms of medical knowledge. Finally, a difference between large cohorts and our study could result from the number of participants and therefore different statistical power.

In accordance with the literature, our data showed an increased maternal stress from toddler age until middle childhood in families with an individual with ASD (Figure 3C) (43, 60–62).



Prenatal and Perinatal History and Medical History of the Child

In our data, a tendency for more epilepsy in adolescents with ASD was reported (Figure 4B). In the literature, epilepsy is well-known to be associated with ASD (63). We found in our data set no differences in birth parameters (Table 3C). By contrast, several prenatal and perinatal medical complications, such as fetal distress, birth asphyxia, and neonatal jaundice, were associated in the literature with a higher risk of ASD (40, 49). As we have discussed above, this discrepancy could be explained by the different study designs.



Early Childhood History

In our study, parents of adolescents with ASD remembered increased crying behavior and less sensitivity of the mother (Figure 4C). In the literature, behavioral problems in early infancy, such as crying behavior, feeding problems, and sleeping problems, have all been linked with increased psychopathology (64–67). Altered responsiveness of mothers of children with ASD has been described (68).

In our data, children with a diagnosis of ASD were reported using less gestures during communication at their first birthday, with less eye contact in their first year of life, and with reduced interest in language up to their first birthday. In addition, parents of children with ASD reported less double-word sentences and less active vocabulary (<50 words at the second birthday of the child) as well as more difficulties with speech (Figure 4D). In strong agreement, difficulties in social and communicative development and behavior during early childhood are described in the literature as part of the ASD symptomatology (67, 69–71). Surprisingly, established neuropediatric markers of development during early childhood, as the first free steps or first words stated in months, were not remembered differently by parents in our investigation (Table 3D). An explanation could be that in the clinical diagnostic interview, especially qualitative content seems to be better remembered than quantitative content (72).



Middle Childhood History

In our study, parents of children with ASD reported at both preschool and primary school more internalizing and externalizing child behavior, less concentration of the child (Figures 5A,C), and also fewer invitations to others' birthday parties, less celebrations of own birthdays, and less firm friends (Figures 5A,B). In line with these study findings, various difficulties during preschool in social and cognitive behaviors have been described in the literature, internalizing and externalizing behaviors, and concentration difficulties (73). In line with the literature, our data show more withdrawal behaviors and less social relatedness for children with ASD (Figure 5B) (73). Our data set revealed reduced fine motor skills and a delayed cleanliness development. Impairments in movement development and cleanliness development are described (74, 75).

For children with ASD attending pre-school, our data show difficulties with teachers at school. In the literature, missing resources and overstrained staff teaching children with ASD were reported (76). Our data show in line with the literature less right-handedness and more left-handedness in children with ASD (77). In our study, parents of adolescents with ASD reported more complications for the child in transition to primary school, more internalizing behavior, more externalizing behavior, more difficulties with teachers and peers, more loneliness, and less school acceptance, less firm friends, and less invitations to birthdays (Figure 5B). In accordance with these findings, difficulties in socio-emotional behavior are well-documented as part of the core ASD symptomatology at primary school age. These literature findings include internalizing and externalizing behaviors; difficulties with teachers, peers, and friendships; more withdrawal behaviors; transition complications; and school avoidance (78–83). The parents in our study reported reduced school readiness, reduced concentration in lessons and reduced writing skills, reduced dictation skills, reduced calculation skills, reduced fine motor skills, and reduced speech skills (Figure 5C).

In agreement with our findings, many impairments in cognitive behavior were reported in children with ASD at primary school age. These include delayed start of school, impaired concentration, altered literacy acquisition, and reduced mathematical competencies (78, 84–86). Impaired movement development and impaired speech skills are also well-known in children with ASD (87, 88). In our set of data, adolescents with ASD received more often compensations for disadvantages at primary school. Fewer adolescents with ASD went to regular primary schools; most of them received a special needs setting in primary school or a special education (Table 3E). In agreement, the literature shows that children with ASD were more often placed in special needs settings (89, 90).



Late Childhood History

As for middle childhood, parents of adolescents with ASD reported more internalizing and more externalizing behaviors in late childhood. They also reported more difficulties with teachers and peers, more loneliness, and less firm friends (Figure 5D). They reported less concentration in school and more difficulties with calculation (Figure 5E). Furthermore, adolescents with ASD attended less often high school and received more often a special education in secondary school (Table 3F). In the literature on ASD, problems in socio-emotional behavior persist into late childhood, including internalizing behaviors, difficulties with peers, more loneliness, and problems with friendships (79, 91–93). In this line, cognitive problems are described for late childhood, including school achievements, concentration, calculation, and spelling (94, 95). In late childhood, ASD patients were also more often placed in special needs settings (89, 90).



Summary of Comparison Between Study and Literature Findings

Most items of the “family and developmental history questionnaire” showing significant differences or tendencies between adolescents with ASD and control persons are in accordance with descriptions in the literature on ASD. There were some exceptions. These exceptions appear to be related to the technique of the clinical diagnostic interview and to different designs between studies reported in the literature and ours described here.




Profile of Significant Items in the Group of Adolescents With Autism Spectrum Disorder

Many memories from parents of adolescents with ASD significantly differed in the “family and developmental history questionnaire” from memories of parents of control persons. ASD-specific instruments like ADI-R and SRS, also assessing relevant aspects of family and developmental history, do this from a clinician's viewpoint at an ASD-specialized center or team, when ASD is already suspected and the patient referred to investigate this hypothesis. By contrast, here, we took a look at family and developmental history from the viewpoint of MHPs in their general practice, non-specific and without the hypothesis of ASD. To our knowledge, we describe here for the first time with quantitative empiricism an analysis of a data set of family and developmental history, modeling the scenario as it is obtained by general MHPs using the regular clinical diagnostic interview, in distinction to specialized ASD centers or teams using ASD-specific tools such as ADI-R, SRS, or AQ.

The memory of parents of adolescents with ASD revealed strong significance for early signs of ASD, notably in social and cognitive behavior at 1–3 years of age (Figure 4D). Less gestures, impaired eye contact, and impaired language development are markers of the core symptomatology of ASD. On first glance, it may appear a trivial finding that those items most linked with ASD showed strong significance. However, it could show that parents do remember these issues well-even after long time. Alternatively, the memory of parents of adolescents with ASD could have been biased by psychoeducation and lay knowledge.

Items, especially from later developmental history, seemed to show more significant differences between adolescents with ASD and control persons than those from family history. A possible explanation is that memories of more recent events are more precise than those of past events. For example, the ADI-R performed with caregivers of adult individuals with ASD and normal intelligence appeared less reliable than an interview with parents of children (96). Another explanation could be that interviewed parents were reluctant to report subjectively shameful information about other family members.

In addition, the findings suggest that a broad selection of items in combination with thoroughness of the clinical diagnostic interview procedure is important for the generation of diagnostic hypotheses, here ASD. The collection of items, “family and developmental history questionnaire,” was first used to study a similar scenario during initial detection of ADHD (28). We used here the same non-specific collection of items in the context of ASD. Thus, a well-selected and thoroughly performed clinical diagnostic interview, as the unspecific diagnostic instrument used by MHPs, seems to be useful and supportive to generate a specific hypothesis of ASD. As described above, the hypothesis of ASD can then be confirmed or discarded at a specialized center or team.



Relevance of the Clinical Diagnostic Interview of Family and Developmental History for Generation of an Autism Spectrum Disorder Hypothesis in Adolescents

We could show that a significant profile of family and developmental history in the context of ASD can be obtained with an established clinical method in adolescents. The clinical diagnostic interview as a face-to-face approach is commonly used in different clinical settings, in particular general MHP settings, to survey family and developmental history. It facilitates generating a relationship of trust with parents and patients, catching a personal impression of the family, and clarifying statements and is time-economic. Moreover, the clinical diagnostic interview supports the generation of working hypotheses by the experienced clinician, because information is directly interpreted. In contrast, rating scales as pen-and-pencil methods with inflexible structure interfere with relationship building, and given information is primarily a collection of symptoms. Therefore, rating scale information is an important complement of the clinical diagnostic interview, but cannot replace it.

A population-based study from the United Kingdom proposed that out of five children with the clinical syndrome of ASD at primary school age, only three receive the diagnosis of ASD, and two are not detected (97). A significant proportion of these undetected children reach adolescence or even adulthood without a diagnostic assessment by an MHP that would lead to referral to a specialized center for autism (98). Moreover, there is an important interval from first concerns to final diagnosis of ASD in adolescents and adults. For high-functioning autism in adults, it was reported to take about 2 years to confirm the diagnosis (99). While the diagnostic process of early detection and generating the hypothesis of autism in childhood appears well-established, a structure resulting in referral to a specialized ASD center or team seems to only slowly emerge for adults, presumably also adolescents (100). These problems are also described in the current literature, suggesting their persistence (10, 17).

To achieve a time-effective diagnosis, which results into sooner treatment, the transition from first consultation of the MHP to confirmation of the diagnosis should be as short as possible. The quality of generating the initial hypothesis depends on the quality of the clinical assessment, including the clinical diagnostic interview. Reasons for the still reduced quality were identified as limited knowledge about ASD, the common referral pathways, and finally the use of insufficient diagnostic tools (101, 102). Given that the clinical diagnostic interview, skillfully and thoroughly performed by a clinician face to face, provides guidance throughout the diagnostic process may help to decrease time between initial detection and confirmation of ASD diagnosis as mentioned above.

Finally, a state-of-the-art psychopathological examination including a full clinical diagnostic interview requires substantial time, to our experience rarely <60 min. We acknowledge that clinicians, especially MHPs in general mental healthcare settings, are often short of time. However, reducing quality of the initial diagnostic process increases the likelihood of misdiagnosis or delay of diagnosis.



Limitations of the Study

The limitations our study are non-blinded student interviewers, only male adolescents, localized samples, and a limited number of participants. Our study was an exploratory study and equipped with limited resources. Future research activities are necessary to study these conventional diagnostic methods and scenarios modeling the phase of generating an ASD hypothesis in adolescents and adults. These future research activities should include the comparison of an ASD cohort with other psychiatric disorders, for example, social anxiety, conduct, and oppositional-defiant disorders and ADHD, in order to investigate differential diagnoses as well as the impact of general psychopathology. An improved study design should also include several centers, blinded interviewers, adolescents of all genders, board-certified interviewers, and significantly more statistical power. Such an improved design could include additional items in order to identify an optimized set of family and developmental history questions for both identification of specific psychiatric diagnoses and discrimination between differential diagnoses. The selection of items with most specificity and sensitivity could establish an optimized tool for clinical practice, regarding family and developmental history.




CONCLUSION

Our findings for adolescents with ASD support importance and feasibility of the family and developmental history in the initial diagnostic process (28, 103, 104). In particular, a thorough interview of family and developmental history in individual patients seems to be of relevance for making the hypothesis of ASD. It may help to decrease the interval until the individual is referred to an ASD specialized center to confirm the diagnosis.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author/s.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Ethics Committee of the University Hospital Carl Gustav Carus (reference number EK 295072016). Written informed consent to participate in this study was provided by the participants' legal guardian/next of kin.



AUTHOR CONTRIBUTIONS

JW collected the data, interpreted the results, and wrote the paper. CC collected the data and wrote the paper. KA supervised the clinical specialist diagnosis of ASD patients. VR wrote the paper. RW designed the study, supervised the collection of data, interpreted the results, and wrote the paper. All authors contributed to the article and approved the submitted version.



ACKNOWLEDGMENTS

We thank all participants and Claudia Seifert for excellent support in recruiting parents of adolescents with ASD and control persons. We thank the medical students from Medical Faculty Carl Gustav Carus, Technische Universität Dresden, for participating in the project as voluntarily interviewers. We thank Dr. Luise Poustka and Dres. Peter and Dajie Marschik for critically reading the manuscript and Dr. Andreas Becker for discussion of the statistical analysis. Finally, we thank the referees for their detailed and supportive comments during the peer review.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpsyt.2021.703023/full#supplementary-material

Supplementary Table 1. “Family and developmental history questionnaire.” The questions asked for each individual item are displayed. For items with non-metric verbal answers, the mode of operationalization by the research team is indicated. For items with metric answers, the measuring unit is indicated.

Supplementary Table 2. Details of statistical analyses shown in Figures 1–5. Columns show M, SEM and detailed results from two-way ANOVA, corrected for multiple testing. *q < 0.05, **q < 0.01 and ***q < 0.001.



REFERENCES

 1. del Barrio V. Diagnostic and statistical manual of mental disorders. In: American Psychiatric Association, editor. Encyclopedia of Applied Psychology, Three-Volume Set. Washington, DC: American Psychiatric Press (2004). p. 607–14. doi: 10.1016/B0-12-657410-3/00457-8

 2. World Health Organisation, editor. The ICD-10 Classification of Mental and Behavioural Disorders: Clinical Descriptions and Diagnostic Guidelines. Geneva: WHO (1992).

 3. Volkmar FR, Lord C, Bailey A, Schultz RT, Klin A. Autism and pervasive developmental disorders. J Child Psychol Psychiatry. (2004) 45:135–70. doi: 10.1046/j.0021-9630.2003.00317.x

 4. Baird G, Simonoff E, Pickles A, Chandler S, Loucas T, Meldrum D, et al. Prevalence of disorders of the autism spectrum in a population cohort of children in South Thames: the special needs and autism project (SNAP). Lancet. (2006) 368:210–5. doi: 10.1016/S0140-6736(06)69041-7

 5. Chakrabarti S, Fombonne E. Pervasive developmental disorders in preschool children: confirmation of high prevalence. Am J Psychiatry. (2005) 162:1133–41. doi: 10.1176/appi.ajp.162.6.1133

 6. Freitag CM. The genetics of autistic disorders and its clinical relevance: a review of the literature. Mol Psychiatry. (2007) 12:2–22. doi: 10.1038/sj.mp.4001896

 7. Rutter M, Le Couteur A, Lord C. ADI-R. Autism Diagnostic Interview Revised Manual. Los Angeles, CA: Western Psychological Services (2003).

 8. Lord C, Rutter M, Goode S, Heemsbergen J, Jordan H, Mawhood L, et al. Autism diagnostic observation schedule: a standardized observation of communicative and social behavior. J Autism Dev Disord. (1989) 19:185–212. doi: 10.1007/BF02211841

 9. Arbeitsgemeinschaft der Wissenschaftlichen Medizinischen Fachgesellschaften (AWMF). Autismus-Spektrum-Störungen im Kindes-, Jugend- und Erwachsenenalter, Teil 1: Diagnostik - Interdisziplinäre S3-Leitlinie der DGKJP und der DGPPN Sowie der Beteiligten Fachgesellschaften, Berufsverbände und Patientenorganisationen. AWMF (2015). Available online at: https://www.awmf.org/leitlinien/detail/ll/028-018.html

 10. Höfer J, Hoffmann F, Kamp-Becker I, Poustka L, Roessner V, Stroth S, et al. Pathways to a diagnosis of autism spectrum disorder in Germany: a survey of parents. Child Adolesc Psychiatry Ment Health. (2019) 13:1–10. doi: 10.1186/s13034-019-0276-1

 11. Hyman SL, Levy SE, Myers SM. Identification, evaluation, and management of children with autism spectrum disorder. Pediatrics. (2020) 145:e20193447. doi: 10.1542/peds.2019-3447

 12. National Institute for Health and Care Excellence. Clinical Guideline 128: Autism Spectrum Disorder in Under 19s: Recognition, Referral and Diagnosis. (2011). Available online at: nice.org.uk/guidance/cg128

 13. National Institute for Health and Care Excellence. Clinical Guideline 142: Autism Spectrum Disorder in Adults: Diagnosis and Management. (2012). Available online at: nice.org.uk/guidance/cg142

 14. Bachmann CJ, Gerste B, Hoffmann F. Diagnoses of autism spectrum disorders in Germany: Time trends in administrative prevalence and diagnostic stability. Autism. (2018) 22:283–90. doi: 10.1177/1362361316673977

 15. Daniels A, Mandell DS. Explaining differences in age at autism spectrum disorder diagnosis: a critical review. Autism. (2016) 18:583–97. doi: 10.1177/1362361313480277

 16. Fusar-Poli L, Brondino N, Politi P, Aguglia E. Missed diagnoses and misdiagnoses of adults with autism spectrum disorder. Eur Arch Psychiatry Clin Neurosci. (2020). doi: 10.1007/s00406-020-01189-w. [Epub ahead of print].

 17. Hosozawa M, Sacker A, Mandy W, Midouhas E, Flouri E, Cable N. Determinants of an autism spectrum disorder diagnosis in childhood and adolescence: evidence from the UK millennium cohort study. Autism. (2020) 24:1557–65. doi: 10.1177/1362361320913671

 18. Lehnhardt F.-G., Gawronski A, Pfeiffer K, Kockler H, Schilbach L, et al. The investigation and differential diagnosis of asperger syndrome in adults. Dtsch Arztebl Int. (2013) 110:755–63. doi: 10.3238/arztebl.2013.0755

 19. Laux G, Waltereit R. Anamnese und Befund Bei Psychischen Erkrankungen. Stuttgart: Thieme (2017). doi: 10.1055/b-004-132257

 20. Martin A, Volkmar FR, editors. Lewis's Child and Adolescent Psychiatry. 4th edn. Philadelphia, PA: Lippincott Williams & Wilkins (2007).

 21. Sadock BJ, Sadock VA, Ruiz P, editors. Kaplan & Saddock's Compehensive Textbook of Psychiatry. 9th edn. Surrey: Lippincott Williams & Wilkins (2009).

 22. Thapar A, Pine DS, Leckman JF, Scott S, Snowling MJ, Taylor E, editors. Rutter's Child and Adolescent Psychiatry. 6th edn. Oxford: John Wiley & Sons (2015). doi: 10.1002/9781118381953

 23. Achenbach TM, Rescorla TA. Manual for the ASEBA School-Age Forms and Profiles. Burlington: University of Vermont, Research Center for Children, Youth, and Families (2001).

 24. Achenbach TM. Manual for the Youth Self-Report. Burlington: University of Vermont Department of Psychiatry (1991).

 25. Kaufman J, Birmaher B, Brent DA, Ryan ND, Rao U. KSADS- PL. J Am Acad Child Adolesc Psychiatry. (2000) 39:1208. doi: 10.1097/00004583-200010000-00002

 26. Constantino JN, Davis SA, Todd RD, Schindler MK, Gross MM, Brophy SL, et al. Validation of a brief quantitative measure of autistic traits: comparison of the social responsiveness scale with the autism diagnostic interview-revised. J Autism Dev Disord. (2003) 33:427–33. doi: 10.1023/A:1025014929212

 27. Baron-Cohen S, Wheelwright S, Skinner R, Martin J, Clubley E. The autism-spectrum quotient (AQ): evidence from asperger syndrome/high-functioning autism, males and females, scientists and mathematicians. J Autism Dev Disord. (2001) 31:603. doi: 10.1023/A:1017455213300

 28. Waltereit J, Haas F, Ehrlich S, Roessner V, Waltereit R. Family and developmental history of ADHD patients: a structured clinical routine interview identifies a significant profile. Eur Arch Psychiatry Clin Neurosci. (2019) 270:1047–61. doi: 10.1007/s00406-019-01047-4

 29. Vllasaliu L, Jensen K, Dose M, Hagenah U, Hollmann H, Kamp-Becker I, et al. [The diagnostics of autism spectrum disorder in children, adolescents and adults: overview of the key questions and main results of the first part of the German AWMF-S3 - clinical guideline]. Z Kinder Jugendpsychiatr Psychother. (2019) 47:359–70. doi: 10.1024/1422-4917/a000621

 30. Döpfner M, Berner W, Flechtner H, Lehmkuhl G, Steinhausen H.-C. Psychopathologisches Befund-System für Kinder und Jugendliche (CASCAP-D). Göttingen: Hogrefe (1999).

 31. Kaufman J, Birmaher B, Brent D, Rao U, Flynn C, Moreci P, et al. Schedule for affective disorders and schizophrenia for school-age children-present and lifetime version (K-SADS-PL): initial reliability and validity data. J Am Acad Child Adolesc Psychiatry. (1997) 36:980–8. doi: 10.1097/00004583-200010000-000021

 32. Lord C, Rutter M, Le Couteur A. Autism Diagnostic Interview-Revised: a revised version of a diagnostic interview for caregivers of individuals with possible pervasive developmental disorders. J Autism Dev Disord. (1994) 24:659–85. doi: 10.1007/BF02172145

 33. Lord C, DiLavore P, Torrance C. Autism Diagnostic Observation Schedule. Torrence, CA: Western Psychological Services (2012).

 34. Petermann F, Petermann U. Hamburg-Wechsler-Intelligenztest für Kinder IV (HAWIK-IV). 3rd edn. Göttingen: Huber (2010).

 35. Bender R, Lange S. Adjusting for multiple testing–when and how? J Clin Epidemiol. (2001) 54:343–9. doi: 10.1016/S0895-4356(00)00314-0

 36. Bhasin TK, Schendel D. Sociodemographic risk factors for autism in a US metropolitan area. J Autism Dev Disord. (2007) 37:667–77. doi: 10.1007/s10803-006-0194-y

 37. Golding J, Steer C, Pembrey M. Parental and grandparental ages in the autistic spectrum disorders: a birth cohort study. PLoS ONE. (2010) 5:e9939. doi: 10.1371/journal.pone.0009939

 38. Li M, Fallin MD, Riley A, Landa R, Walker SO, Silverstein M, et al. The association of maternal obesity and diabetes with autism and other developmental disabilities. Pediatrics. (2016) 137:e20152206. doi: 10.1542/peds.2015-2206

 39. Rai D, Lewis G, Lundberg M, Araya R, Svensson A, Dalman C, et al. Parental socioeconomic status and risk of offspring autism spectrum disorders in a swedish population-based study. J Am Acad Child Adolesc Psychiatry. (2012) 51:467–76.e6. doi: 10.1016/j.jaac.2012.02.012

 40. Wang C, Geng H, Liu W, Zhang G. Prenatal, perinatal, and postnatal factors associated with autism: a meta-analysis. Medicine. (2017) 96:699–702. doi: 10.1097/MD.0000000000006696

 41. Windham GC, Fessel K, Grether JK. Autism spectrum disorders in relation to parental occupation in technical fields. Autism Res. (2009) 2:183–91. doi: 10.1002/aur.84

 42. Xie S, Karlsson H, Widman L, Rai D, Gardner C, Schendel D, et al. Family history of mental and neurological disorders and risk of autism. JAMA Netw Open. (2019) 2:e190154. doi: 10.1001/jamanetworkopen.2019.0154

 43. Hancock KJ, Mitrou F, Shipley M, Lawrence D, Zubrick SR. A three generation study of the mental health relationships between grandparents, parents and children. BMC Psychiatry. (2013) 13:299. doi: 10.1186/1471-244X-13-299

 44. Hillman JL, Wentzel MC, Anderson CM. Grandparents' experience of autism spectrum disorder: identifying primary themes and needs. J Autism Dev Disord. (2017) 47:2957–68. doi: 10.1007/s10803-017-3211-4

 45. Margetts JK, Le Couteur AS, Croom S. Families in a state of flux: The experience of grandparents in autism spectrum disorder. Child Care Health Dev. (2006) 32:565–74. doi: 10.1111/j.1365-2214.2006.00671.x

 46. Sullivan A, Winograd G, Verkuilen J, Fish MC. Children on the autism spectrum: grandmother involvement and family functioning. J Appl Res Intellect Disabil. (2012) 25:484–94. doi: 10.1111/j.1468-3148.2012.00695.x

 47. Cohrs AC, Leslie DL. Depression in parents of children diagnosed with autism spectrum disorder: a claims-based analysis. J Autism Dev Disord. (2017) 47:1416–22. doi: 10.1007/s10803-017-3063-y

 48. Connell AM, Goodman SH. The association between psychopathology in fathers versus mothers and children's internalizing and externalizing behavior problems: a meta-analysis. Psychol Bull. (2002) 128:746–73. doi: 10.1037/0033-2909.128.5.746

 49. Duan G, Yao M, Ma Y, Zhang W. Perinatal and background risk factors for childhood autism in central China. Psychiatry Res. (2014) 220:410–7. doi: 10.1016/j.psychres.2014.05.057

 50. Ghaziuddin M. A family history study of asperger syndrome. J Autism Dev Disord. (2005) 35:177–82. doi: 10.1007/s10803-004-1996-4

 51. Kousha M, Attar HA, Shoar Z. Anxiety, depression, and quality of life in Iranian mothers of children with autism spectrum disorder. J Child Health Care. (2016) 20:405–14. doi: 10.1177/1367493515598644

 52. Cents RAM, Tiemeier H, Luijk M. P. C. M., Jaddoe VWV, Hofman A, et al. Grandparental anxiety and depression predict young children's internalizing and externalizing problems: the generation R study. J Affect Disord. (2011) 128:95–105. doi: 10.1016/j.jad.2010.06.020

 53. Johnston DW, Schurer S, Shields MA. Evidence on the long shadow of poor mental health across three generations. J Health Econ. (2013) 32:1077–89.

 54. Hickey EJ, Nix RL, Hartley SL. Family emotional climate and children with autism spectrum disorder. J Autism Dev Disord. (2019) 49:3244–56. doi: 10.1007/s10803-019-04037-6

 55. Timmons L, Willis KD, Pruitt MM, Ekas NV. Predictors of daily relationship quality in mothers of children with autism spectrum disorder. J Autism Dev Disord. (2016) 46:2573–86. doi: 10.1007/s10803-016-2799-0

 56. Hoffmann TJ, Windham GC, Anderson M, Croen LA, Grether JK, Risch N. Evidence of reproductive stoppage in families with autism spectrum disorder: a large, population-based cohort study. JAMA Psychiatry. (2014) 71:943–51. doi: 10.1001/jamapsychiatry.2014.420

 57. Wood CL, Warnell F, Johnson M, Hames A, Pearce MS, Mcconachie H, et al. Evidence for ASD recurrence rates and reproductive stoppage from large UK ASD research family databases. Autism Res. (2015) 8:73–81. doi: 10.1002/aur.1414

 58. Amiri M, Lamballais S, Geenjaar E, Blanken LME, El Marroun H, Tiemeier H, et al. Environment-Wide association study (E(n) WAS) of prenatal and perinatal factors associated with autistic traits: a population-based study. Autism Res. (2020) 13:1582–600. doi: 10.1002/aur.2372

 59. Lyall K, Croen L, Daniels J, Fallin MD, Ladd-Acosta C, Lee BK, et al. The changing epidemiology of autism spectrum disorders. Annu Rev Public Health. (2017) 38:81–102. doi: 10.1146/annurev-publhealth-031816-044318

 60. Estes A, Olson E, Sullivan K, Greenson J, Winter J, Dawson G, et al. Parenting-related stress and psychological distress in mothers of toddlers with autism spectrum dirorders. Brain Dev. (2013) 35:133–8. doi: 10.1016/j.braindev.2012.10.004

 61. Ozturk Y, Vivanti G, Uljarevic M, Dissanayake C, Capes K, Duncan E, et al. Treatment-related changes in children's communication impact on maternal satisfaction and psychological distress. Res Dev Disabil. (2016) 56:128–38. doi: 10.1016/j.ridd.2016.05.021

 62. Pisula E, Porebowicz-Dörsmann A. Family functioning, parenting stress and quality of life in mothers and fathers of polish children with high functioning autism or asperger syndrome. PLoS ONE. (2017) 12:e0186536. doi: 10.1371/journal.pone.0186536

 63. Berg AT, Plioplys S, Tuchman R. Risk and correlates of autism spectrum disorder in children with epilepsy: a community-based study. J Child Neurol. (2011) 26:540–7. doi: 10.1177/0883073810384869

 64. Krakowiak P, Goodlin-Jones B, Hertz-Picciotto I, Croen LA, Hansen RL. Sleep problems in children with autism spectrum disorders, developmental delays, and typical development: a population-based study. J Sleep Res. (2008) 17:197–206. doi: 10.1111/j.1365-2869.2008.00650.x

 65. Olsson MB, Carlsson LH, Westerlund J, Gillberg C, Fernell E. Autism before diagnosis: crying, feeding and sleeping problems in the first two years of life. Acta Paediatr Int J Paediatr. (2013) 102:635–9. doi: 10.1111/apa.12229

 66. Peverill S, Smith IM, Duku E, Szatmari P, Mirenda P, Vaillancourt T, et al. Developmental trajectories of feeding problems in children with autism spectrum disorder. J Pediatr Psychol. (2019) 44:988–98. doi: 10.1093/jpepsy/jsz033

 67. Zwaigenbaum L, Bryson S, Rogers T, Roberts W, Brian J, Szatmari P. Behavioral manifestations of autism in the first year of life. Int. J Devl Neuroscience. (2005) 23:143–52. doi: 10.1016/j.ijdevneu.2004.05.001

 68. Meirsschaut M, Warreyn P, Roeyers H. What is the impact of autism on mother-child interactions within families with a child with autism spectrum disorder? Autism Res. (2011) 4:358–67. doi: 10.1002/aur.217

 69. Maestro S, Muratori F, Cesari A, Cavallaro MC, Paziente A, Pecini C, et al. Course of autism signs in the first year of life. Psychopathology. (2005) 38:26–31. doi: 10.1159/000083967

 70. Ramos-Cabo S, Vulchanov V, Vulchanova M. Gesture and language trajectories in early development: an overview from the autism spectrum disorder perspective. Front Psychol. (2019) 10:1211. doi: 10.3389/fpsyg.2019.01211

 71. Richards M, Mossey J, Robins DL. Parents' concerns as they relate to their child's development and later diagnosis of autism spectrum disorder. J Dev Behav Pediatr. (2016) 37:532–40. doi: 10.1097/DBP.0000000000000339

 72. Young S, Adamo N, Ásgeirsdóttir BB, Branney P, Beckett M, Colley W, et al. Females with ADHD: an expert consensus statement taking a lifespan approach providing guidance for the identification and treatment of attention-deficit/ hyperactivity disorder in girls and women. BMC Psychiatry. (2020) 20:404. doi: 10.1186/s12888-020-02707-9

 73. Hartley SL, Sikora DM, McCoy R. Prevalence and risk factors of maladaptive behaviour in young children with autistic disorder. J Intellect Disabil Res. (2008) 52:819–829. doi: 10.1111/j.1365-2788.2008.01065.x

 74. Green D, Charman T, Pickles A, Chandler S, Loucas T, Simonoff E, et al. Impairment in movement skills of children with autistic spectrum disorders. Dev Med Child Neurol. (2009) 51:311–6. doi: 10.1111/j.1469-8749.2008.03242.x

 75. von Gontard A, Pirrung M, Niemczyk J, Equit M. Incontinence in children with autism cpectrum disorder. J Pedriatr Urol. (2015) 11:264.e1–7. doi: 10.1016/j.jpurol.2015.04.015

 76. McConkey R, Bhurgri S. Children with autism attending preschool facilities: the experiences and perceptions of staff. Early Child Dev Care. (2003) 173:443–52. doi: 10.1080/0300443032000086926

 77. Rysstad AL, Pedersen AV. There are indeed more left-handers within the autism spectrum disorder compared with in the general population, but the many mixed-handers is the more interesting finding. J Autism Dev Disord. (2018) 48:3253–3255. doi: 10.1007/s10803-018-3553-6

 78. Ashburner J, Ziviani J, Rodger S. Surviving in the mainstream: capacity of children with autism spectrum disorders to perform academically and regulate their emotions and behavior at school. Research. (2010) 4:18–27. doi: 10.1016/j.rasd.2009.07.002

 79. Bauminger N, Kasari C. Loneliness and friendship in high-functioning children with autism. Child Dev. (2000) 71:447–56. doi: 10.1111/1467-8624.00156

 80. Hwang S, Kim YS, Koh YJ, Leventhal BL. Autism spectrum disorder and school bullying: who is the victim? Who is the perpetrator? J Autism Dev Disord. (2018) 48:225–38. doi: 10.1007/s10803-017-3285-z

 81. Kim JA, Szatmari P, Bryson SE, Streiner DL, Wilson FJ. The prevalence of anxiety and mood problems among children with autism and asperger syndrome. Autism. (2000) 4:117–32. doi: 10.1177/1362361300004002002

 82. Marsh A, Spagnol V, Grove R, Eapen V. Transition to school for children with autism spectrum disorder: a systematic review. World J Psychiatry. (2017) 7:184–96. doi: 10.5498/wjp.v7.i3.184

 83. Maynard B, Salas-Wright C, Vaughn M, Peters K. Who are truant youth? Examining distinctive profiles of truant youth using latent profile analysis. J Youth Adolesc. (2012) 41:1671–84. doi: 10.1007/s10964-012-9788-1

 84. Estes A, Rivera V, Bryan M, Cali P, Dawson G. Discrepancies between academic achievement and intellectual ability in higher-functioning school-aged children with autism spectrum disorder. J Autism Dev Disord. (2011) 41:1044–52. doi: 10.1007/s10803-010-1127-3

 85. Titeca D, Roeyers H, Josephy H, Ceulemans A, Desoete A. Preschool predictors of mathematics in first grade children with autism spectrum disorder. Res Dev Disabil. (2014) 35:2714–27. doi: 10.1016/j.ridd.2014.07.012

 86. Wong E, Steele E, Johnson S, Proimos J, Batterham A, Nolan T, et al. Socioeconomic and health factors associated with kindergarten retention in Australian children. J Paediatr Child Health. (2016) 52:296–302. doi: 10.1111/jpc.13014

 87. Dewey D, Cantell M, Crawford SG. Motor and gestural performance in children with autism spectrum disorders, developmental coordination disorder, and/or attention deficit hyperactivity disorder. J Int Neuropsychol Soc. (2007) 13:246–56. doi: 10.1017/S1355617707070270

 88. Gillon G, Hyter Y, Fernandes FD, Ferman S, Hus Y, Petinou K, et al. International survey of speech-language pathologists' practices in working with children with autism spectrum disorder. Folia Phoniatr Logopaed. (2017) 69:8–19. doi: 10.1159/000479063

 89. Eaves LC, Ho HH. School Placement and Academic Achievement in Children with Autistic Spectrum Disorders. J Dev Phys Disabil. (1997) 9:277–291. doi: 10.1023/A:1024944226971

 90. McDonald CA, Donnelly JP, Feldman-Alguire AL, Rodgers JD, Lopata C, Thomeer ML. Special education service use by children with autism spectrum disorder. J Autism Dev Disord. (2019) 49:2437–46. doi: 10.1007/s10803-019-03997-z

 91. Mazefsky CA, Borue X, Day TN, Minshew NJ. Emotion regulation patterns in adolescents with HFASD - comparison to TD adolescents and association with psychiatric symptoms. Autism Res. (2014) 7:344–54. doi: 10.1002/aur.1366

 92. O'Brien G, Pearson J. Autism and learning disability. Autism. (2004) 8:125–40. doi: 10.1177/1362361304042718

 93. Petrina N, Carter M, Stephenson J, Sweller N. Perceived friendship quality of children with autism spectrum disorder as compared to their peers in mixed and non-mixed dyads. J Autism Dev Disord. (2016) 46:1334–43. doi: 10.1007/s10803-015-2673-5

 94. Kurth JA, Mastergeorge AM. Academic and cognitive profiles of students with autism: implications for classroom practice and placement. Int J Spec Educ. (2010) 25:8–14.

 95. Morsanyi K, van Bers BMCW, McCormack T, McGourty J. The prevalence of specific learning disorder in mathematics and comorbidity with other developmental disorders in primary school-age children. Br J Psychol. (2018) 109:917–40. doi: 10.1111/bjop.12322

 96. Fusar-Poli L, Brondino N, Rocchetti M, Panisi C, Provenzani U, Damiani S, et al. Diagnosing ASD in adults without ID: accuracy of the ADOS-2 and the ADI-R. J Autism Dev Disord. (2017) 47:3370–9. doi: 10.1007/s10803-017-3258-2

 97. Baron-Cohen S, Scott FJ, Allison C, Williams J, Bolton P, Matthews FE, et al. Prevalence of autism-spectrum conditions: UK school-based population study. Br J Psychiatry. (2009) 194:500–9. doi: 10.1192/bjp.bp.108.059345

 98. Brugha T, McManus S, Bankart J, Al E. Episdmiolgy of autism spectrum disorders in adults in the community in England. Arch Gen Psychiatry. (2011) 68:459–65. doi: 10.1001/archgenpsychiatry.2011.38

 99. Jones L, Goddard L, Hill EL, Henry LA, Crane L. Experiences of receiving a diagnosis of autism spectrum disorder: a survey of adults in the United Kingdom. J Autism Dev Disord. (2014) 44:3033–44. doi: 10.1007/s10803-014-2161-3

 100. Michel T, Sheldrick A, Frentzel T, Al E. Evaluation of diagnostic and therapeutic service in German university hospiatsl for adults with autism spectrum disorder (ASD). Fortschr Neurol Psychiatr. (2010) 78:402–13. doi: 10.1055/s-0029-1245494

 101. Penner M, Anagnostou E, Ungar WJ. Practice patterns and determinants of wait time for autism spectrum disorder diagnosis in Canada. Mol Autism. (2018) 9:1–13. doi: 10.1186/s13229-018-0201-0

 102. Unigwe S, Buckley C, Crane L, Kenny L, Remington A, Pellicano E. GPs' confidence in caring for their patients on the autism spectrum: an online self-report study. Br J Gen Pract. (2017) 67:e445–52. doi: 10.3399/bjgp17X690449

 103. Engel GL. The need for a new medical model: a challenge for biomedicine. Science. (1977) 196:129–36. doi: 10.1126/science.847460

 104. McIntyre KM, Norton JR, McIntyre JS. Diagnosis and psychiatry: examination of the psychiatric patient. In: Sadock BJ, Sadock VA, Ruiz P, editors. Kaplan & Sadock's Comprehensive Textbook of Psychiatry. 9th edn. Philadelphia, PA: Lippincott Williams & Wilkins (2009). p. 886–1070. 

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 © 2021 Waltereit, Czieschnek, Albertowski, Roessner and Waltereit. 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/fpsyt-12-703023-g005.gif





OPS/images/fpsyt-12-703023-t001.jpg
Characteristics of adolescents and their parents. ASD (n = 67) Control (n = 51) Group differences

M (SEM) Min-max M (SEM) Min-max tratio df P
Age at survey 15.82 (0.38) 10-26 16.06 (0.41) 12-22 0.44 100 0.663
Age at diagnosis of ASD 9.91(0.52) 3-11
Q 106.06 (1.51) 86-135 110.92 (1.88) 89-124 192 78 0.059
School placement n % n % tratio df P
Special needs setting 41 7321 1 212 381 101 <0.001
Middle school 24 40 15 31.91 1.03 100 0.402
High school 25 4545 35 68.08 233 100 0021
Diagnosis (ICD-10) n %
Childhood autism (F84.0) 20 35.70
Atypical autism (F84.1) 7 12.50
Asperger's syndrome (F84.5) 29 51.80
Education of mothers n % n % t ratio df P
10 years of education 30 53.57 14 29.78 263 100 0015
13 years of education 24 4285 33 70.12 257 100 0.005
University degree 23 41.07 2 53.19 147 100 0223
Employment of mothers
Unemployed 6 10.71 3 638 077 99 0.443
Part-time employment 24 4285 10 21.27 236 99 0.020
Full-time employment 25 44,64 33 70.21 273 99 0.009
Education of fathers
10 years of education 28 5283 14 3043 229 o7 0024
13 years of education 25 4716 33 69.56 229 o7 0024
University degree 19 35.84 27 57.44 219 98 0031
Employment of fathers
Unemployed 2 3.57 1 212 0.48 98 0.668
Part-time employment 1 1.78 4 851 1.52 98 0.116
Full-time employment 50 89.28 42 89.36 091 98 0.990

The first group represents adolescents with a diagnosis of ASD and the other group neurotypically developing adolescents (control). Participants of the study were the parents of the.
adolescents from these two groups. Columns show M and detailed results from two-way ANOVA.
ASD, autism spectrum disorder; ICD-10, Interational Classification of Diseases, 10th edtion.
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Module 1 (n = 4) Module 2 (n = 3) Module 3 (n = 45) Module 4 (n = 7)

M (SEM) M (SEM) M (SEM) M (SEM)
ADOS domains

Communication (C) 7.50(0.25) 533(0.72) 356 (0.26) 3.71(1.08)
Social interaction () 1050 (1.03) 7.66 (1.44) 6.97 0.41) 457 (0.67)
Total score (C+SI) 18.00 (1.22) 13.00 (2.16) 10.53 (0.59) 828 (1.44)
Imagination/creativity 375 (0.22) 133 (0.27) 1.410.11) 1.00 (0.29)
Restricted repetitive behaviors (RRBS) 1.60 (0.96) 1.33(027) 0.82(0.15) 0.42(0.28)
ADI-R domains

Social interaction 12.25 (1.14) 12.66 (2.29) 18.39 (0.70) 16.57 (2.28)
communication 13.50 (2.41) 11.00 (2.49) 11.89 (0.61) 12,14 (2.03)
Restricted repetitive behaviors (RRBS) 375 (0.96) 3.66(0.72) 3.89 (0.31) 3.28(0.63)

Measures were taken from the patient files and had been assessed before inclusion in the study. Columns show M and detailed results from two-way ANOVA.
ADI-R, Autism Diagnostic Interview—Revised: ADOS, Autism Diagnostic Observation Schedule; ASD, autism spectrum disorder.
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A. Obstetrical history of the mother
Number of pregnancies (n)

Number of chidbirths (n)

B. Caregivers and family members living with the child at age 12-17
Number of biological parents (n)

Nurmber of social parents (n)

Number of grandparents (7)

Number of other adult caregivers (1)

Number of biclogical siblings (1)

Nurmber of half sibiings (n)

Number of social siblings (n)

Nurmber of peers in youth welfare institutions (7)
Complete number of all persons living together with the child at the age of 12-17 (n)
Only chid family ()

C. Birth parameters

Age of mother at childbirth (years)

Age of father at childbirth (years)

Gestational age (weeks)

Birth weight (g)

Birth size (om)

APGAR 5 min (score)

APGAR 10min (score)

D. Markers of development (0-6 years)
Breastfeeding (months)

First free steps (months)

First words (months)

Nursery care—utiization (years)
Pre-school—utilization (years)

Right-handedness (%)

Ambidexterity (%)

Left-handedness (%)

E. School performance at primary school (6-10 years)
Repetition of one class (%)

Change of school (%)

Compensation for disadvantages (%)

Regular primary school (%)

Primary school with special needs setting (%)

Special education in a special school (%)

F. Transition into secondary school (10-17 years)
High school (%)

Middle school, high performance (%)

Middle school, low performance (%)

Alternative or private school (%)

Special education in secondary school (%)

M (ASD)

276
225

1.66
0.16
0.77
0.07
0.07
0
0.04
0
2.79
0.30

29.30 years
332 years
39.40 weeks
35719
51.00cm
960
9.80

8.9 months
13.9 months
16.3 months
0.7 years
3.3 years
80%
0%
19%

17%
25%
70%
25%
44%
28%

45%
29%
14%
0%

14%

M (control)

3.68
277

1.70
0.13
0.1
0.00
1.34
017
0.11
0.02
351
0.15

31,00 years
33.4 years
39.30 weeks
35129
51.20g
9.40
9.70

9.5 months
12.6 months
13.4 months
1.0 years
3.1 years
95%
2%
2%

12%
17%
4%
97%
0%
2%

68%
27%
4%
0%
0%

t ratio

273
219

043
0.44
4.83
1.88
7.38
243
111
1.08
2.83
1.86

1.62
0.18
0.20
051
0.44
1.60
071

0.35
1.83
1.46
1.60
1.97
238
1.09
284

071
0.98
9.21
10.93
6.10
381

233
0.16
175

2.80

df

101
101
101
101
101
101
101
101
101
101

97
76
101
101
101
101
101

101
101

101
101
101

0.007
0.031

0671

0.663
<0.001
0.063
<0.001
0.017
0.268
0.277
0.008
0.085

0.108
0.860
0.841
0613
0.656
0.115
0.479

0.727
0.070
0.149
0114
0.051
0.019
0.277
0.005

0.482
0.330
<0.001
<0.001
<0.001
<0.001**

0.022
0.875
0.083

0.006

0.015*
0.081

0.542
0.542
<0.001**
0.088
<0.001**
0.034*
0.280
0.280
0.015"
0.088

0.406
0.869
0.869
0.869
0.869
0.406
0.869

0.735
0.141

0.201

0.184
0.138
0.077
0.320
0.044"

0.162
0.133
<0.001**
<0.001"*
<0.001**
<0.001**

0.044"
0.883
0.112

0.025*

Metric data assessed with the “family and developmental history questionnaire” represent mistones of development and other social and biological markers. The first experimental
group ("ASD’) represents adolescents with a diagnosis of ASD and the other group (*control’) neurotypically developing adolescents. Participants of the study were the parents of the

adolescents from these two groups. Columns show M and detailed results from two-way ANOVA, corrected for multiple testing. *q < 0.05, *'q < 0.01, a

AASD, autism spectrum disorder.

g < 0.001.
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