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Background: In a situation where conventional treatments for autism spectrum disorder (ASD) are labor-intensive and there are concerns about the side effects of conventional medications, a 6-month integrative treatment program, including herbal medicine (HM), Floortime, and sensory enrichment therapy (SET) has been used on children with ASD in Korean medicine clinical settings.

Methods: We observed the treatment responses of 18 children with ASD (66.7% male, mean age 3.9 ± 0.9 years) to the integrative treatment program as part of a prospective, single-center, observational case series. Individualized HMs were administered according to the patient's symptoms, and parents were instructed to perform Floortime and SET with their children at home for 2 h and 20 min a day, 5 days a week, respectively. The Childhood Autism Rating Scale (CARS) and Autism Behavior Checklist (ABC) were used to evaluate the core symptoms of ASD. A linear mixed model for repeated measures was used for analyzing the effect of the program over time, and logistic regression used to explore the predictors of treatment response.

Results: The CARS and ABC scores were significantly improved from 34.58 ± 6.27 and 69.28 ± 15.73 at baseline to 28.56 ± 6.05 and 39.67 ± 20.36 after 6 months (p < 0.0001, respectively). No serious adverse events (AEs) were reported, and compliance with HM, Floortime, and SET was high at >90%.

Conclusion: This 6-month integrative treatment program appears to be a potentially effective, safe, and feasible option for children with ASD. Low baseline CARS scores may be predictors of higher treatment response.
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Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by disturbances in social communication and interaction, as well as limited and repetitive behaviors, interests, and activities (1). The onset of ASD symptoms is usually before 2 years of age, and it was estimated that an average of 1 in 44 (2.3%) 8-year-old children had ASD in 2018 (2). Since this disorder occurs from the beginning of the life cycle and the illness period is long in many cases, the burden of indirect costs such as loss of income and productivity, as well as direct costs such as medical expenses, is large (3).

The conventional treatments for ASD include behavioral therapy and medication. However, because behavioral therapies involve the use of extensive and costly resources, their access may be limited (4). In addition, adverse events (AEs) such as drowsiness, somnolence, anxiety, hypersalivation, and elevation of prolactin levels have been reported with risperidone (5). Therefore, approximately 88% of the geographically diverse sample of children with ASD in the United States of America (USA) have used complementary and integrative medicine (CIM) (6), either to treat various symptoms, including hyperactivity and inattention (7), or because of concerns about the side effects of conventional treatments (8).

Herbal medicine (HM), one of the components of CIM, has been used for the treatment of ASD for many years in clinical settings, resulting in the improvement of ASD, as reported in various studies (9). In addition, the effectiveness of parents' direct involvement in the treatment of patients with ASD has been recognized through several studies (10, 11), such involvement has the advantage of building a positive emotional relationship between parents and patients in their home environment (12). Among direct parental involvement interventions, developmental, individual difference, relationship-based (DIR)/Floortime™ therapy (Floortime), and sensory enrichment therapy (SET) have also been used for the treatment of ASD in the clinical setting (13), and the effectiveness of individual treatments has been reported in various studies (14, 15). Floortime was developed by Greenspan, an American pediatrician, and is a developmental, multi-disciplinary, play-based framework that emphasizes building connections with others and underlines the meaningful, spontaneous use of language and communication (16). This therapy involves asking parents to “get down on the floor” and play with their child for a specified period, following the child's lead during play sessions and extending what the child does to elicit as many reciprocal interactions as possible. Sensory enrichment therapy is a form of therapy that uses two or more senses simultaneously, which can significantly reduce discomfort experienced by the autistic brain (17). Sensory enrichment therapy increased the size and weight of rats' brains, enriching more brain cells, more connections, and a stronger auxiliary system to support enhanced brain activity (18). Sensory enrichment therapy provides step-by-step training methods tailored to each patient's treatment goals by a qualified therapist, covering sensory processing, learning, memory, eating habits, sleeping habits, communication, sociality, fine motor skills, self-awareness, emotions and behaviors, attention, and anxiety. Based on an algorithm through periodic questionnaires and goals, a kit consisting of 3–4 worksheets for sensory development optimized for each patient is provided once a week. The kit has the advantage of convenient accessibility because it can be carried out with items used at home daily and without special tools. The SET kit activates a new brain area by simultaneously stimulating two or more senses (e.g., olfactory, and visual). After parents are educated about various sensations and movements by a professional therapist, they directly use the kit to treat their children at home (17).

In Korean medicine clinical settings, an integrative treatment program, including HM, Floortime, and SET, has been used for many years. However, to the best of our knowledge, there is no report on this integrative treatment program for ASD, which reflects real-world practice. Therefore, we report the results of our integrative treatment program in children with ASD through a prospective observational study, identify factors related to the treatment response, and provide evidence for a more rigorous study design.



Methods


Study design

This is a prospective, single-center, pragmatic observational case series. This study was approved by the Institutional Review Board of Gachon University (1044396-201812-HR-223-01), written informed consent was obtained from all patients before enrolling in this study, and their clinical records and information were anonymized and de-identified before analysis, by assigning an individual identification code to each patient.



Patients and eligibility

Eligible patients were recruited in the outpatient setting of the I-Tomato Korean Medicine Clinic (Seoul, Republic of Korea) from March 2019 to July 2021. The inclusion criteria were (1) children aged 2–5 years, and (2) children diagnosed with ASD through the Autism Diagnostic Observation Schedule, Second Edition (ADOS-2), and the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5). The exclusion criteria were as follows: (1) patients with neurological abnormalities such as cerebral palsy and Down syndrome, (2) patients diagnosed with other psychiatric diseases such as attention deficit hyperactivity disorder and schizophrenia, (3) those diagnosed with serious chronic disease, malignant tumors, and tuberculosis, (4) those who stopped taking risperidone or aripiprazole within 3 months of study initiation, and (5) patients who were judged to be inappropriate for participation in the research by the investigators (e.g., if no data were available for analysis because the evaluation was not performed on time).



Integrative treatment program

This 6-month integrative treatment program consisted of HM, Floortime, and SET. Individualized HM treatment was conducted based on the symptoms because this study was a pragmatic observational study with the goal of collecting information on the integrative treatment used in real-world clinical settings. Based on previous research and clinical experience, Shihogyeji-tang was used as the basis when sensory processing disorders were evident (19), Galgeun-tang when developmental dyspraxia was evident (20, 21), and Baekho-tang or Daeseunggi-tang when concentration disorders were evident (22, 23) (Table 1). Herbal medicine was prescribed for a total of 6 months, and the main prescriptions and dosages of individual herbs were changed, each month, according to patients' symptoms, and based on the judgment of a clinician with more than 20 years of clinical experience. Herbal medicine was administered in the form of a decoction, three times a day for a total volume of 40 ml per day. The type and dose of HMs used for individual patients were collected through case report forms (CRFs). Floortime was conducted for 1 h once a week with a certified professional therapist in consideration of the patient's individual developmental competency and profile. Parents were instructed to conduct Floortime with their children at home for more than 2 h a day, 5 days a week. Before the first session, all parents completed 12 h of an online training workshop from Floortime Center Korea (Seoul, Republic of Korea) to learn about Floortime. For SET, a certified professional therapist educated the parents once a week about patient-individualized counseling and play methods, including multi-sensory core training methods, such as smell, sight, touch, and taste. The parents were instructed to proceed with SET for more than 20 min a day (and on more than 5 days a week) at home with their children. The use of concomitant drugs was permitted if the investigator judged it necessary for patient treatment, and all drugs used during the observation period were recorded in the CRF.


TABLE 1 Details of herbal medicine used.
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Outcome measurement

The Korean versions of the Childhood Autism Rating Scale (CARS) and Autism Behavior Checklist (ABC) were used to assess the severity of the ASD symptoms, while the Social Maturity Scale (SMS) was used to assess social maturity, with three measurements at baseline, 3 and 6 months after treatment. The CARS is a validated questionnaire consisting of 15 items related to the core symptoms of ASD. It is a tool with high reliability, validity, and inter-rater consistency, with a total cutoff score of 30 that distinguishes ASD from other developmental disorders (24, 25). The ABC is a 57-item tool designed to distinguish children with ASD from normal children and children with intellectual disabilities, hearing impairments, emotional disabilities. A total score of 67 or higher is classified as ASD (26). The SMS is a questionnaire consisting of 117 questions in 6 behavioral areas, including self-help, movement, work, communication, self-management, and socialization, and the social quotient is calculated based on the results (27). In addition, the Sequenced Language Scale for Infants (SELSI), a language evaluation tool, and ADOS-2, a tool for diagnosing ASD, were measured twice at baseline and 6 months after treatment by clinical psychologists. Symptom improvement is indicated by a low score in the case of CARS, ABC, and ADOS-2 but a high score for the SMS social quotient and SELSI. The ADOS-2 test results are classified into three categories according to the cut-off score: (1) autism, (2) ASD, or (3) non-ASD. According to these ADOS-2 classifications, responders are patients diagnosed with: (i) ASD or non-ASD after 6 months of treatment, following a diagnosis of baseline autism; or (ii) non-ASD after 6 months of treatment, following a diagnosis of baseline ASD. Assessment of the questionnaires used in this study was performed by the same qualified clinical psychologist or speech-language therapist, independent of the integrative treatment program.

For safety evaluation, adverse reactions were monitored based on physical examination and patient reports during the observation period, and the severity and causal relationship with treatment was recorded in detail in the CRF. Based on previous studies (28, 29), we considered the following as possible AEs related to HM: digestive system disorders (including indigestion, nausea, and diarrhea), nervous system disorders (including headache, fatigue, and dizziness), mental and behavior disorders (including loss of appetite, increased appetite, hypomania, and sedation), skin and subcutaneous tissue disorders (including rash and burning sensation of the skin), circulatory system disorders (including mild hypoglycemia, mild paroxysmal palpitation, and increased palpitation), respiratory system disorders (including upper respiratory tract infection), genitourinary system disorders (including uterine bleeding and dysuria), nutritional and metabolism disorders (including weight loss and dysgeusia), and others. Some AEs were considered by the investigator to have a causal relationship with the HM, based on the temporal relationship with treatment. Adverse events were classified as follows: mild (does not interfere with the patient's normal daily life and causes minimal discomfort), moderate (causes discomfort that significantly interferes with the patient's normal daily life), and severe (the patient's normal daily activities are impossible). Program adherence was calculated by collecting information from parents on performance rates for individual treatments, including HM, Floortime, and SET, during the observation period.



Statistical analysis

A linear mixed-effects model for repeated measures was used for assessing effect changes at baseline, 3 months, and 6 months after treatment; a Dunnett post-hoc test was conducted for multi-group comparison. The effect changes at baseline and after 6 months were statistically analyzed using the two-sided paired t-test or Wilcoxon signed-rank test after a data normality test using a Shapiro-Wilk test. Categorical variables were expressed as frequency (percentage), and continuous variables were expressed as mean (standard deviation) or median (interquartile range) according to the normality of data. In addition, baseline characteristics predicting treatment responders were derived through logistic regression analysis, and univariable and multivariable odds ratios (ORs) and 95% confidence interval (CIs) were calculated. A p-value < 0.05 was considered statistically significant. All statistical analysis was performed using R statistical software version 4.1.2 (for windows).




Results


Baseline characteristics

A total of 19 patients were screened for eligibility during the observation period, and a total of 18 patients were enrolled for the study, excluding one patient who was non-ASD on the ADOS-2 test. All enrolled patients participated in and completed the integrative treatment program for 6 months, and the treatment effect was evaluated every 3 months. Twelve of 18 patients (66.7%) were male, and the mean age and body mass index (BMI) of all patients were 3.9 ± 0.9 years and 22.0 ± 4.0, respectively. According to the ADOS-2 classification, 10 patients (55.6%) were identified to have autism, and 8 patients (44.4%) had ASD (Table 2). There was no patient with any clinically significant medical history or surgical history other than ASD. No patients received concomitant conventional medications, including risperidone, during the observation period.


TABLE 2 Baseline demographic and clinical characteristics of patients.
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Integrative treatment program and compliance rates

Herbal medicine was prescribed by a Korean medicine doctor and administered by parents three times a day for 6 months, according to the individual symptoms. Shihogyeji-tang- and Galgeun-tang-based prescriptions were used in 17 patients (each 94.4%), Baekho-tang-based prescription was used in 6 patients (33.3%), and Daeseunggi-tang based prescription was used in 2 patients (11.1%) (Table 1). The average compliance rate for HMs was 98.0% ± 4.4%. The parents of the patients were educated to perform Floortime and SET at least 5 times a week, for at least 2 h and 20 min a day, respectively. Based on this, the average performance rates of Floortime and SET were 94.9% ± 10.0% and 90.8% ± 23.3%, respectively.



Effect assessment

The CARS score was 34.58 ± 6.27 (mean ± standard deviation) at baseline and decreased significantly to 30.78 ± 5.95 after 3 months and 28.56 ± 6.05 after 6 months (p < 0.0001) (Figure 1). The total ABC score was 69.28 ± 15.73 at baseline and decreased significantly to 46.44 ± 19.14 after 3 months and 39.67 ± 20.36 after 6 months (p < 0.0001). The ABC subscales, including sensory, relating, body and object use, language, social, and self-help skills, all improved significantly at 3 and 6 months of treatment compared to the baseline (p < 0.05, all). The social quotient calculated by SMS after 6 months of treatment was higher than that at baseline (p = 0.0627). In the case of language ability measured by SELSI, both receptive and expressive language scores increased after treatment compared to the baseline, with a significant increase observed only in expressive language (p = 0.0069). The ADOS-2 score was significantly decreased after 6 months of treatment (12.39 ± 6.96) compared to the baseline (17.89 ± 8.11) (p = 0.002) (Table 3). After 6 months of treatment, the classification of ADOS-2 was as follows: autism in 3 patients (16.7%), ASD in 11 patients (61.1%), and non-ASD in 4 patients (22.2%). There were 9 (50%) treatment responders, as defined by the ADOS-2 classification change. In multivariate logistic regression analysis of the characteristics predicting treatment response, the lower the baseline CARS score, the higher was the treatment response (OR 0.65, 95% CI 0.30–0.98). Other characteristics such as age, sex, height, weight, BMI, and ADOS-2 score did not affect the treatment response (Table 4).
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FIGURE 1
 Changes in the childhood autism rating scale. *p < 0.0001, compared with baseline (Dunnett post-hoc test).



TABLE 3 Changes in outcome measures.
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TABLE 4 Logistic regression analysis: characteristics predicting treatment response.
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Safety assessment

During the observation period, a total of three AEs occurred in two patients: loose stool, constipation, and difficulty falling asleep. All AEs suspected of having a causal relationship with the HMs were mild because the AEs did not interfere with the patients' normal daily lives and caused minimal discomfort, and the AEs improved spontaneously without any treatment; therefore, these AEs were judged to have no effect on the study results.




Discussion

Autism spectrum disorder is a disease with increasing prevalence and a large social and economic burden. Behavioral therapy—the conventional treatment—is labor-intensive and costly, while there are concerns about the side effects of conventional medications. Therefore, the integrative treatment program, including HM, Floortime, and SET, has been used for many years in Korean medicine clinical practice. Therefore, we aimed to provide the first report of the effectiveness, safety, and feasibility of the program in this prospective, observational study, and confirmed the predictive variables for the treatment response. Our study showed that a 6-month integrative treatment program resulted in a significant improvement of ASD symptoms and language ability, with a high program compliance rate and no serious AEs.

In particular, CARS and ABC scores dropped from respective averages of 34.58 and 69.28 at baseline to 28.56 and 39.67 after 6 months of treatment; both 6-month scores were below the ASD cut-off scores of 30 and 67, respectively (25, 26). Considering that the minimal clinically important difference for CARS score after an intervention has been defined as 4.5 points (30), an improvement of 6.02 points in CARS, which evaluates the core symptoms of ASD, after the integrative treatment program means a significant improvement. As a result of regression analysis of the patients' characteristics predicting the treatment response as defined by the ADOS-2 classification change, only the baseline CARS score was found to affect the treatment response. It was found that the lower the baseline CARS score, the higher was the treatment response. This means that if ASD is detected earlier and the integrative treatment program is implemented earlier, the treatment effect will be higher. This result is consistent with the current guidelines that emphasize the importance of early detection of ASD and intensive treatment (31).

In this study, different basic HM prescriptions were used according to the main symptoms of each patient. Shihogyeji-tang, Galgeun-tang, and Baekho-tang or Daeseunggi-tang were used as the basic prescriptions for sensory processing disorder, developmental dyspraxia, and concentration disorder, respectively. In a previous study, the use of modified Shihogyeji-tang in 21 autistic patients resulted in a significant improvement in the sensory integration ability compared to before treatment (19). In addition, there have been studies showing the effect of Galgeun-tang on dystonia (20, 21) and of modified Daeseunggi-tang and Baekho-tang on attention deficit hyperactivity disorder (22, 23). It has been reported that functional emotional development and symptom severity were significantly improved when performing home-based Floortime for preschool children with ASD (32). Furthermore, several clinical trials have reported significant improvements in ASD severity, cognitive ability, sensory response, and language in the group receiving SET compared to children who did not receive SET (15, 33). Although the effects of individual treatments for the treatment of ASD have been determined by various researchers, to the best of our knowledge, our study is the first to report the effectiveness of this integrative treatment program. In addition, according to our study, program compliance was very high—>90% for all components—showing that it was sufficiently feasible in the clinical field.

Although research on the treatment mechanism of this integrative treatment program has not been conducted yet, the mechanisms of the individual treatments have been explored in several studies. The individual herbs of the HM prescriptions used in this program are used frequently for the treatment of ASD, ameliorate abnormal behavior in animal models of ASD, and have sedative and anticonvulsant effects (34–36). It has been reported that a shift occurs from the ventral to the dorsal systems in the medial prefrontal cortex in the brain of children with ASD after Floortime, suggesting that the children are gaining more cognitive control over their emotional system using such executive functions as response inhibition and self-monitoring (37). In addition, several animal studies have reported that SET changes the neuroplasticity of the brain. Sensory enrichment therapy resulted in rat cortical growth and an improvement in learning and motor memory (38). Furthermore, SET reduced neurological deficits, increased nerve dendrites, nerve branch density, nerve synapses, and surrounding blood vessels, as well as brain weight and size (39–42). Although the pathogenesis of ASD has not yet been clearly elucidated, recent studies have reported a link between abnormalities in brain regions and the core symptoms of ASD (43, 44). Therefore, it can be estimated that the therapeutic effect of this integrative treatment program was derived from the combination of these individual treatment mechanisms, warranting further research on the overall mechanism of the integrative treatment program.

This study has several limitations. First, since this study was a prospective observational study and not a controlled intervention study, it is not possible to draw clear conclusions about the reported effects. Although we confirmed that no other conventional medication was used during the observation period in the included patients, there may be other potential effects that could have affected the study outcome. Second, the safety assessment of the program relied solely on patient reports and physical examination. Considering that HMs were included in the treatment program, it would be helpful to report the safety of the program using laboratory tests in future studies. Finally, although adherence to individual treatment programs was >90%, on average, this was confirmed from parental reports. Because parents' adherence to the programs can have a great impact on study results, future research should aim to increase and systematically check parents' adherence.

Nevertheless, because conventional treatment for ASD is labor-intensive and expensive, and there are concerns about side effects of conventional medication, such an integrative treatment program would be highly beneficial. However, as there have been no studies on the effect of this integrative treatment program, we report the first case series on this integrative treatment program that is frequently used in Korean medicine clinical settings. We evaluated the therapeutic effect of HMs, Floortime, and SET on ASD using validated questionnaires and diagnostic tools, reduced related biases, and increased the reliability of the study results through a prospective observational study design. In particular, this is a treatment program in which the role of the parents is important, and as it can be conducted non-face-to-face in the “untact era,” it is free from time and space constraints. In addition, there is a possibility that the therapeutic effect may be increased by increasing the role of the parents in performing Floortime and SET. Given the promising results of our study, further rigorous, well-designed controlled trials with a larger sample size should be conducted to confirm the clinical effectiveness of such integrative treatment programs.



Conclusion

A 6-month integrative treatment program, including HM, Floortime, and SET, could help improve the core symptoms of ASD with a high compliance rate and no serious AEs. Future well-designed, prospective randomized controlled trials with a larger sample size should be conducted to assess the effectiveness of the program.
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