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			Abstract 

			Autism spectrum disorders are increasingly linked to an altered endocrine metabolism and it was hypothesized that any disturbances in Hypothalamus-Pituitary adrenal gland axis respectively steroid hormone metabolism is reflected in the habitus of affected autistic individuals. One case described by Hans Asperger [1] was Hellmuth – at the time of description an 11-year-old boy – for whom strong indicators concerning an endocrine pathology can be found. If comparing with Cushing syndrome remarkable equalities can be identified. Weak bones would be in line with a glucocorticoid induced osteoporosis or even rachitis with involvement of thyroid and parathyroid glands. Interestingly, Hellmuth was treated with thyroid and hypothalamus hormones not having substantial effects. He was described having a face with hanging chops and with a small head remembering of a microcephalus, which can be further interpreted as signs of a typical Cushing Habitus. Laboratory parameters are missing, but the clinical signs are relatively straight forward and an endocrinology involvement was explicitly mentioned by Hans Asperger [1]. Probably, hormones from different classes’ glucocorticoids, mineralocorticoids and androgens were involved. Furthermore, mentioned sleep disturbances are in line with a dysregulation of Melatonin Stimulating Hormone on pineal gland level and the abnormal diet might be a result of a dysregulation of Insulin and Glucagon homeostasis in line with a general endocrine dysregulation in this autistic individual suffering from Asperger Syndrome.
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			Introduction

			Autism spectrum disorders are uniformly defined as an individual’s impaired social interaction, communication deficits, as well as repetitive and restricted interests and behavior. This definition is symptomatic and behavioral, yet not causative. Delorme [2] Autism is inexplicably biased towards males by a ratio of around 4∶1, with no clear understanding of the role of sex hormones in autism. Sarachana [3] Addressing the hypothalamic pituitary adrenal (HPA) axis has a long history 

in studying neurocognitive aspects of diseases such as autism. Spratt et al. [4]; Tani et al. [5]; Hollocks [6]; Jacobson [7]; Taylor & Corbett [8]. Increasing evidence exists for a dysregulation of the hypothalamic-pituitary adrenal axis (HPA-axis) in autism and thus of steroid hormones of adrenal gland mineralocorticoid, glucocorticoid and androgen metabolites. Baron-Cohen et al. [9]; Majewska et al. [10]; Bagnoli et al. [11]; Spratt et al. [4]; Tani et al. [5]; Taylor & Corbett [8].
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			These metabolites are characterized through cholesterol as precursor allowing to suggest that all steroids are involved in autism. A link between cholesterol, vitamin D, and steroid hormones which subsequently impacts on the development of at least some cases of autism have already been suggested. Gillberg et al. (2017); Patrick et al. [12]; Kaneko et al. [13] (Figure 1). To 
pinpoint, Hypothalamic-pituitary adrenal gland (HPAG)-axis and androgens were several times addressed as involved in autistic disorders. Baron-Cohen et al. [9]; Majewska et al. [10]; Bagnoli et al. [11]; Spratt et al. [4]; Tani et al. [5]; Taylor & Corbett [8]. In the following part an impressive case of an 11-year-old boy described by Hans Asperger [1] shall be analysed concerning an endocrine involvement.

			Evidence Acquisition 

			Having a look on the description of Hans Asperger in his original work autistic psychopathy in 1944 one impressive case of a boy exists, which shall be analysed concerning an endocrine involvement. Hans Asperger [1] Hellmuth was at the first time of examination at the clinic an 11 year old boy. He was always fat, despite strictly observed diet by medical doctors. Hans Asperger [1] Fatty breasts, both sided maldescensus testis in combination with inadequate sexual behaviour. Hans Asperger [1] Treatment was started with thyroid and pituitary gland medication without effects on maldescencus testis and obese habitus. Hans Asperger [1] Joints could be easily overstretched, shaking hands let feel like he has no bones, imposing Genua valga and flat foot were described. Habitus was described as antic, on the massy body over the face with hanging chops a little head (described as microcephalus) with close standing eyes. Hans Asperger [1] Unable to catch a ball even when making it very easy for him with abnormal movements. Hans Asperger [1] Furthermore, the special interests were described for poems and lyrics as usual in this Syndrome Remschmidt & Kamp-Becker [17] ; Rollet & Kastner-Koller [18]; Rollet [19]; Rollet [20]. Furthermore clear hints exist, that the whole personality was involved. Hans Asperger [1] A perinatal trauma with a cerebral disorder was further mentioned, whereby detailed anamnesis reveal asphyxia during birth with reanimation followed by repeated convulsions, an endocrine disorder was explicitly mentioned, the altered flow of salvia probably as a consequence of a dysfunction of vegetative nerve system supports the hypothesis of an endocrine involvement. Interestingly, no illnesses were described for parents, however mother was relatively old with 41 years. Hellmuth was always fat, despite consequent and observed diet.

			To sum up, analysing the case of Hellmuth some astonishing hints concerning an endocrine pathology with involvement of steroid hormones and Hypothalamus-Pituitary-Adrenal Axis can be found. Very common in autism are sleep disturbances – also described by Hans Asperger [1] in affected individuals - in line with a dysregulation of Melatonin and Cortisol homeostasis and dietary anomalies in line with Insulin, Glukagon and Cortisol homeostasis. Figure 2 summarizes some clinical symptoms of a Cushing syndrome ingoing with an endocrine dysregulation as described by Hans Asperger [1] for Hellmuth.
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			Discussion

			The aim of this analyzes was to find hints in the described case by Hans Asperger [1] for Hellmuth concerning an endocrine involvement and to imbed it in the actual literature concerning an endocrine involvement in autism. Clear hints concerning a dysregulation of androgens, glucocorticoids and mineralocorticoids or broader on general endocrine level with involvement of different anatomic structures from Hypothalamus–pituitary adrenal gland or thyroid respectively parathyroid system can be found. This implies a general dysregulation. Due to hints concerning a Cushing habitus probably steroid hormones were involved such as Cortisol or typical sex hormones such as Testosterone, Progesterone’s or Estrogens. Focusing on clinical symptoms and the androgen theory of autism fetal testosterone levels are reported to be positively correlated with a number of autistic traits and inversely correlated with social development and empathy, allowing to link steroid metabolites with autistic behavior Baron-Cohen et al. [9]. 

			It has been shown that significantly more women with autism reported hirsutism, bisexuality or asexuality, irregular menstrual cycle, dysmenorrhea, polycystic ovary syndrome, severe acne, and a family history of ovarian, uterine and prostate cancer Ingudomnukul et al. [21]. Furthermore, it was shown, that androgens and estrogens differentially and reciprocally regulate retinoic orphan receptor A (RORA), a novel candidate gene for autism implying a hereditable disorder and in line with the original description Hans Asperger [1]; Sarachana [3]. 

			Interestingly, RORA regulates neuronal Aromatase, which converts androgen to estrogen implying a dysregulation of the different steroid metabolites in autism Sarachana [3]; Sarachana et al. [22] Alterations of steroid hormones may lead to a potential autistic phenotype in line with extreme male theory of autism, whereby in principle all sorts of steroid hormones were suggested to be involved Baron-Cohen et al. [9], Ingudomnukul et al. [21]; Whitaker-Azmitia [23] Furthermore, progesterone metabolites were recently identified as part of the neuroendocrine basis of social bonds and enable individuals to suppress self-interest when necessary in order to promote the well-being of another person highly congruent with behavioral traits in autistic disorders. Brown et al. [24]; Brown. et al. [25] This would be in accordance with a hypercortisolism and an involvement of CRH-ACTH system for which clear hints for Hellmuth can be found. Spratt et al. [4]; Taylor & Corbett [8]; Tetsuka et al. [26]. Finally, a special role on androgen metabolism is likely due to an observed diabetic effect of the substance Ingle et al. [27]; Schwarz et al. [28]. A dysregulation of insulin, glucagon and IGF factors was described in autistic individuals, for Hellmuth clear hints according this symptomatic can be found.

			In the analyzed case of Hellmuth additionally convulsions were described by Hans Asperger [1]. Interestingly, there is a complex, bidirectional interdependence between sex steroid hormones and epilepsy; hormones affect seizures, while seizures affect hormones thereby disturbing reproductive endocrine function Tauboll et al. [29]. Both female and male sex steroid hormones influence brain excitability, whereby for the female sex steroid hormones, progesterone and its metabolites are anticonvulsant, while estrogens are mainly proconvulsant. Androgens are mainly anticonvulsant, but the effects are more varied, probably because of its metabolism to other steroid hormones such as estradiol.. The different sex steroids can also be further metabolized within the brain to different steroids, which are even more potent with regard to their effect on excitability and for the development of an autistic phenotype. 

			Furthermore, E.g. estrogens altering brain morphology by increasing dendritic spine density and several studies have shown that epileptic activity, especially mediated through the amygdala, alters reproductive function, including reduced ovarian cyclicity in females and altered sex steroid hormone levels in both genders. Tauboll et al. [29]. Furthermore, convulsions are ongoing with an asymmetric activation of the hypothalamus, which may, again, be the basis for the occurrence of different reproductive endocrine disorders described for patients with left-sided or right-sided temporal lobe epilepsy. Furthermore, the suggested case of Cushing syndrome an involvement via Parathyroid might be possible. It was mentioned that Hellmuth was treated with Hypothalamus hormones but also thyroid hormones. May be, he was despite thyroid dysregulation also suffering from a dysfunction of Parathyroid with involvement of Ca2+ respectively Vitamin-D Metabolism which would be in line with a rachitis. This would be in accordance with the mentioned weak bones – as clinicians had the feeling that bones just do not exist and in line with an endocrine dysregulation on all layers of adrenal gland cortex (mineralocorticoid, glucocorticoid, androgens). 

			Furthermore, the strong dysregulation of the parasympathetic nervous system innerved salvia gland allow to suggest of an involvement of Hypothalamus-pituitary adrenal gland axis. To sum up, clinicians should be aware of the endocrine symptoms when diagnosing autistic disorders and keep in mind other typical pediatric diagnosis such as Turner (45,X0) or Kinefeltersyndrom (47,XXY) also ingoing with a dysregulation of sex hormones such as testosterone or estrogen and progesterones. Interestingly, mother of Hellmuth was 41 year old on birth date having a clear risk factor for chromosomal anomalies. Murakami et al. [30].

			Concerning the effects of steroid hormones behavioral traits are key to understand autistic disorders. These are possible to recognize before the second year of life and usually persist during the whole life-span Hans Asperger [1]; Asperger [31]; Asperger [32]; Asperger [33]. Hints when working with these children were early made Hamburger [34] and also nowadays different recommendations concerning pedagogic acting can be found (see for example Remschmidt & Kamp-Becker [17]; Rollet & Kastner-Koller [18]; Rollet [19]; Rollet [20]. From a medical point of view, based on the suggestions longitudinal observations of all steroid lines during several years are recommended to conduct for autistic children [35-39] allowing to elucidate mechanism of involvement during critical periods of development with the potential to yield to therapeutic recommendations [40-43].
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Figure 1: From Acetate to cholesterol as precursor of steroid metabolites. Interestingly, progesterone is not only metabolized i the adrenal
gland and sex organs but also in the kidney and liver. Focusing on progesterone synthesis, conversion from cholesterol to pregnenolone
takes place in mitochondria through a P, -enzyme complex (hydroxylase/desmolase) which is induced through ACTH, linking the metabolite
synthesis pathway with the HPA-axis implying that progesterone acts as a pro-hormone for androgens and estrogens Dean [14]; Kuhl [15];

Andrew et al. [16].
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Cushing Syndrome  (Typical Signs and Symptoms)
Fat metabolism
Reallocation of fat depots - mentioned that Hellmuth was very fat
Full moon face, adrenal-cortical obesity - microcephalus mentioned, eyes position abnormal
Protein metabolism: muscle atrophy - overstretching joints
Bones

Osteoporosis - Hellmuth seemed to have weak bones, sensible and motoric weakness

Carbohydrate metaboli:

Steroid induced Diabetes - despite diet, an always over weighted boy

Figure 2: The description of Hellmuth versus the typical symptomatic ongoing with Cushing syndrome — some similarities can be found
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