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Abstract

Purpose—The ketogenic diet is a low-carbohydrate, moderate protein, high-fat diet that has 

emerged as a potential treatment for autism spectrum disorder. Autism spectrum disorder is a 

neurodevelopmental disorder of social communication, and restricted, repetitive behaviors and 

interests in need of novel therapies. An open-label clinical trial was done in Honolulu, Hawaii to 

test a modified ketogenic diet for improvement of core clinical impairments in children with ASD.

Intervention—A modified ketogenic gluten-free diet regimen with supplemental MCT was 

completed in 15 children ages 2 to 17 years for 3 months. Clinical (ADOS-2, CARS-2) and 

biochemical measures were performed at baseline and 3-months on the ketogenic diet.

Main outcome—Children administered a modified ketogenic gluten-free diet with supplemental 

MCT significantly improved core autism features assessed from the ADOS-2 after 3 months on 

diet (P = 0.006). No significant difference was observed in restricted and repetitive behavior score 

(P = 0.125) after 3 months on the diet protocol. Substantial improvement (> 30% decrease 

ADOS-2 total score) was observed in six participants, moderate improvement (> 3 units) in two 

participants, and minor/no improvement in seven participants. Ten participants assessed at a six-
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month time point sustained improvement in total ADOS-2 and social affect subdomain scores 

comparing baseline and 6 months (P = 0.019; P = 0.023), but no significant improvement in 

restricted and repetitive behavior scores were noted (P = 0.197). Significant improvements in 

CARS-2 items after 3 months of the modified ketogenic protocol were observed in imitation, body 

use, and fear or nervousness (P = 0.031, P = 0.008, P = 0.039). The percent change on ADOS-2 

score from baseline to 3 months was associated with baseline high-density lipoprotein levels (ρ = 

−0.67, P = 0.007) and albumin levels (ρ = −0.60, P = 0.019). Moreover, the percent change from 

baseline to 3 months in ADOS-2 scores was significantly associated with percent change in high-

density lipoprotein levels (ρ = 0.54, P = 0.049) and albumin levels (ρ = 0.67, P = 0.010).

Conclusions—A modified gluten-free ketogenic diet with supplemental MCT is a potentially 

beneficial treatment option to improve the core features of autism spectrum disorder and warrants 

further investigation.

Trial registration—Trial Registry: Clinicaltrials.gov

Registration Number: NCT02477904

URL: https://www.clinicaltrials.gov/ct2/show/NCT02477904?term=ketogenic

+diet&cond=Autism&rank=1
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1. Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by varying 

impairments in social communication, and restricted, repetitive behaviors and interests [1,2]. 

Symptoms of ASD also include adverse behaviors such as anxiety, focus and attention 

problems, impulsivity, and self-injurious behavior. Therapists attempt to modify behaviors 

and enhance functional communication [3]. Yet, limited improvements occur with 

behavioral therapy and therapy must be implemented early and intensively. There are several 

pharmacologic options for behavior problems in patients with autism, leading among them 

are FDA approved atypical antipsychotic medications such as Risperidone and Aripiprazole 

[4]. However, these pharmacologic treatments carry risk of adverse effects [5]. Due to the 

paucity of effective and safe treatments for autism, there is an increasing need to study novel 

interventions.

Dietary interventions have been used as an effective approach to treat neurodevelopmental 

disorders [6,7]. Most notably, the ketogenic diet (KD), a very low carbohydrate, moderate 

protein, high fat diet has been shown to significantly reduce seizure frequency in patients 

with epilepsy [8,9]. The KD has been proposed as an intervention to treat other 

neurodevelopmental disorders [10]. Studies support that the ketogenic diet alters neural 

cellular metabolism through utilization of ketone bodies as an alternative fuel for the brain 

[10]. Initial case reports and a prospective pilot study of 30 individuals with autistic behavior 

suggests the KD may be effective as a treatment strategy for ASD [11–13]. Follow up 

clinical studies of 187 Greek and 45 Egyptian children have provided additional support that 
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the KD may safely improve symptoms of certain individuals with ASD [14,15]. In addition, 

research using animal mouse models of ASD have demonstrated improvements in behavior 

on the KD [16–19]. Yet, there remains limited evidence to support recommendations for 

clinical use of the KD in children with ASD.

To evaluate the effects of a modified KD in children with ASD, Shriners Hospitals for 

Children - Honolulu designed an open-label, observer-blinded clinical trial in a cohort of 

children with ASD. This pilot trial intended to test both feasibility and efficacy of a modified 

KD in improving ASD symptoms. We hypothesized that 3 months of a modified KD would 

improve the core clinical impairments in children with ASD.

2. Materials and methods

2.1. Study design and participants

We conducted an open-label, observer-blinded clinical trial to test the effects of a modified 

KD regimen (described in Section 2.2, hence will be referred to as modified KD/GF/MCT) 

on ASD behavior in children between the ages of 2 and 21 years old diagnosed with ASD at 

the Shriners Hospitals for Children –Honolulu. Our clinical study team included a pediatric 

neurologist, a registered dietitian/nutritionist, two pediatric nurse practitioners, a speech-

language pathologist, and behavioral neuroscientist.

The inclusion criteria for participants were: (1) primary diagnosis of autism spectrum 

disorder by pediatric neurologist, (2) male or female, (3) age between 2 years to 21 years; 

and exclusion criteria were: (4) known cardiac disorder including arrhythmias or 

hypertension, (5) Body Mass Index (BMI) < 3rd percentile, (6) carnitine deficiency, (7) beta-

oxidation defects, (8) inability to maintain adequate nutrition. Patients with seizures or a 

history of seizures were excluded from the study. The University of Hawaii Committee on 

Human Studies (IRB) approved this study and participant's guardians provided written 

informed consent.

2.2. Dietary intervention

Each participant had screening bloodwork to assess baseline status and to rule out 

contraindications for initiating the modified KD. These tests included a complete blood 

count, electrolytes, zinc, selenium, magnesium, phosphate, liver and kidney functions (total 

protein, albumin, AST, ALT, blood urea nitrogen, creatinine, bicarbonate, calcium), fasting 

lipid profile [cholesterol, triglycerides, high density lipoprotein (HDL), and Low-density 

lipoprotein (LDL) cholesterol], serum acylcarnitine profile, urine organic acids, serum 

amino acids and beta-hydroxybutyrate (BHB). Genetic testing to identify an etiology of 

ASD was not performed.

A Registered Dietitian/Nutritionist provided 2 h of caregiver training on the modified 

KD/GF/MCT protocol. We chose not to follow a standard epilepsy ketogenic diet in 

considering the unique metabolic considerations for children with autism. Medium-chain 

triglycerides (MCT) oil was incorporated into the modified KD diet profile because of 

primary and secondary mitochondrial dysfunction in the ASD population [20,21] and to 

allow for potential improvement in fatty acid utilization and ketone production. Gluten 
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restriction was applied to all participants given the prevalence of children in our population 

already on a gluten restriction.

The modified KD/GF/MCT protocol limited total net carbohydrates daily intake to 20–25 g. 

Protein needs were calculated based on the child's age and weight, and allowed up to twice 

the RDA requirements. The remainder of energy needs comprised of various types of fats. 

Guidelines were provided on administering MCT, either from coconut or pure MCT oil to 

comprise 20% of energy needs. The MCT or coconut oil dose was included in the daily meal 

plan. Gluten restriction was maintained. Caregivers checked urine ketones twice daily for the 

first month, and once daily thereafter. The goal was to maintain a consistent state of ketosis, 

but no defined level of ketosis was targeted. Caregivers were instructed to record food intake 

and ketone readings electronically or in a notebook, which was reviewed by the study team 

at each visit. Follow up visits were scheduled at 1 month, 3 months, and 6 months after diet 

initiation. In addition, caregivers were able to receive additional guidance from the dietitian 

through phone calls and a digital online support group. Participants were given the option to 

continue the diet after 3 months.

2.3. Autism baseline assessment and diet outcome measures

The Autism Diagnostic Observation Schedule, 2nd edition (ADOS-2) [22] and the 

Childhood Autism Rating Scale-Second Edition (CARS-2) [23] were used to assess 

participants at baseline and 3 months. Behavior testing was completed in children that 

continued the diet beyond the 3-month intervention as well as those that discontinued the 

diet at 3 months.

ADOS-2: In research and clinical practice the ADOS-2 is frequently used to diagnose and 

describe ASD symptoms. The ADOS-2 is a semi-structured, standardized assessment of 

communication, social interaction, play/imaginative use of materials, and restricted and 

repetitive behaviors. Ratings assigned on the basis of observations during the administration 

of the ADOS-2 are converted to diagnostic algorithms which yield an ADOS-2 classification 

used in conjunction with other information to formulate a clinical diagnosis. Ratings also 

yield a Comparison Score to estimate severity of ASD symptoms relative to others with 

ASD of the same age and language level; and calibrated severity scores for Social Affect and 

Restricted, Repetitive Behavior domains to provide a clearer picture of ASD symptoms and 

severity. The test-retest correlations for the ADOS-2 range from 0.68 to 0.92 and indicate 

good stability for the Social Affect and Restricted and Repetitive Behavior domains, and 

excellent stability for the Overall Total [24]. Core behavioral symptoms of ASD were 

assessed using the ADOS-2, and administered by an examiner who met standard 

requirements for research reliability.

CARS-2: This questionnaire is a clinician-rated scale for key behaviors related to autism 

diagnosis. The CARS-2 includes 15 items rated on a 7-point scale with higher scores 

indicating greater severity. Interrater reliability for the CARS 2-HF has a median correlation 

of 73. This is consistent with inter-rater reliability results for the original CARS, which had 

a median correlation of 0.71 and indicates good agreement between rater [23]. The CARS-2 

was completed using both direct observations of the individual's behavior and information 

obtained through interview of a caregiver that had knowledge of the individual's behavior 
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across different environments. The CARS-2 questionnaire was administered by either a 

pediatric nurse practitioner or speech-language pathologist who were part of the study team.

2.4. Statistical analyses

The baseline study participants' demographics were summarized by descriptive statistics 

including means and standard deviations for continuous variables, and frequencies and 

proportions for categorical variables. We used an on-treatment analysis that restricted our 

analysis to the fifteen participants that adhered to the clinical trial for 3 months. 

Comparisons between baseline and 3-month diet repeated measures were conducted using 

Wilcoxon matched-pairs signed rank test or paired t-test, as appropriate. Comparisons 

between baseline, 3-month, and 6-month time points were analyzed using the Friedman non-

parametric test. Post hoc multiple comparison analyses used FDR method to correct. The 

association between clinical measures and the changes in ASD behavior from baseline to 3-

month assessment were evaluated using Spearman rank-order correlation. A P-value < 0.05 

was considered statistically significant.

3. Results

3.1. Characteristics of cohort

We recruited and assessed 69 pediatric subjects for eligibility in the study and 46 subjects 

received initial dietary education. Of these 46 subjects, 19 did not start the diet (Fig. 1). In 

addition, 12 subjects were excluded from analysis due to difficulties with diet compliance. A 

total of 15 subjects completed 3 months on the diet and 10 subjects completed 6 months. 

The sample size for analysis was comprised of 15 pediatric subjects (13 males, 2 females; 

ages 3–13 years; mean age 7.9 years, ± 3.3 years) diagnosed with ASD by clinical 

examination, DSM-IV-TR, DSM-V, and ADOS-2 criteria. Cohort characteristics are shown 

in Table 1. Of the cohort, 46.6% (7 of 15) participants were classified high level and 53.3% 

(8 of 15) moderate level of ASD related symptoms compared to children with ASD of the 

same age and similar language skills from the ADOS-2. Comorbidity of ADHD was present 

in 66.7% (10 of 15) participants. Some of the participants were on particular diets at the time 

of study initiation. These diets included gluten-free (n = 3), gluten-free/casein free (n = 1), 

low carbohydrate (n = 1; approximately 85 g of net carbohydrate intake daily), specific 

carbohydrate diet and gluten-free (n = 1), and vegan (n = 1). These restrictions were 

continued by the participants and tailored to meet the modified KD/GF/MCT regimen.

3.2. Outcome measures after 3 months on modified KD/GF/MCT diet

Comparison scores (P = 0.006), overall total scores (P = 0.020), and social affect scores (P = 

0.006) significantly improved comparing baseline scores to 3 months on the modified 

KD/GF/MCT (Fig. 2a, b,c). At 3 months there was a 19.9% mean improvement in social 

affect score and 20.7% improvement in overall total score. Substantial improvement (> 7 

units decrease of the ADOS-2 Total score) was observed in six participants, moderate 

improvement (> 3 units) in two participants, and minor/no improvement in seven 

participants (Supplementary Table 1). Approximately half (8 of 15) of participants that 

responded to the modified KD/GF/MCT improved their overall total ADOS-2 score by at 

least 4 points. Of these participants, two were “super responders” and improved social affect 
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score by approximately 50% (8–9 points) and one of these participants improved his 

restricted and repetitive behavior score to zero at 3 months post diet. No significant 

difference was observed in restricted and repetitive behavior score (P = 0.125) (Fig. 2d). Ten 

of the fifteen participants were assessed by the ADOS-2 at a 6-month time point and 

maintained improvement in ADOS-2 Comparison Score, Total score and Social Affect sub-

domain scores comparing baseline and 6 months (P = 0.033, P = 0.019, P = 0.019) (Fig. 3a, 

b, c), but no improvement in restricted and repetitive behavior scores were noted (P = 0.218) 

(Fig. 3d). Parents or caregivers self-reported improvements in eye contact, interest in other 

people, meaningful language, schedule transitions, focus and hyperactivity after modified 

KD/GF/MCT treatment.

The total CARS-2 score significantly decreased following 3 months on the modified 

KD/GF/MCT (baseline, 34.96 ± 2.06; 3 months, 30.71 ± 1.6; P = 0.003, mean;SEM). Table 

2 shows CARS-2 items at baseline and after 3 months. The CARS-2 items that changed 

significantly after 3 months on the modified KD/GF/MCT were: imitation, body use, and 

fear or nervousness (P = 0.031, P = 0.008, P = 0.039). The CARS-2 item relating to people 

showed a trend of improving after 3 months of the modified KD/GF/MCT (P = 0.093).

Clinical measures at baseline and 3 months on the modified KD/GF/MCT are displayed in 

Table 3. As expected, levels of serum BHB were significantly elevated 3 months after 

initiating the modified KD/GF/MCT (P = 0.025). Mean levels were 1.351 mmol/L for the 

group after 3 months on the modified KD/GF/MCT. BMI significantly reduced after 3 

months on the modified KD/GF/MCT (P = 0.009). However, weight did not significantly 

change (P = 0.916). High-density lipoprotein (HDL), Low-density lipoprotein (LDL), and 

cholesterol significantly increased after 3 months of the modified KD/GF/MCT (P = 0.018; 

P = 0.032; P = 0.003). Notably, eosinophil blood cell percent on the diet significantly 

decreased (P = 0.044) and there was a trend toward decreased white blood cell count (P = 

0.087).

3.3. Biochemical measures and the modified KD/GF/MCT diet

We examined associations between baseline biochemical measures and improvement in 

ASD behaviors as measured by ADOS-2% change from baseline to 3 months. The percent 

change on ADOS-2 scores from baseline to 3 months was associated with baseline HDL 

levels (ρ = −0.67, P = 0.007) and albumin levels (ρ = −0.60, P = 0.019) (Fig. 4a, b). No 

significant associations were observed for other baseline biochemical measurements. Next, 

we examined whether the percent change in HDL and albumin levels associated with 

ADOS-2% change. We found the percent change in ADOS-2 scores was significantly 

associated percent change on HDL (ρ = 0.538, P = 0.049) and albumin levels (ρ = 0.668, P = 

0.010) from baseline to 3 months on modified KD/GF/MCT (Fig. 4c, d).

3.4. Side effects on the modified KD/GF/MCT diet

Common side effects included diarrhea (18.8%), vomiting (18.8%), fatigue (18.8%), 

constipation (12.5%), dehydration (12.5%), weight loss (12.5%), acidosis (6.3%), and 

hypoglycemia (6.3%). Hypoglycemia was defined as a blood sugar level < 50 mg/dL. We 
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observed weight loss as a positive side effect for 2 participants. All of the side effects 

occurred within the first 2–4 weeks of diet initiation.

4. Discussion

This study utilizes an on-treatment analysis to examine the efficacy of a modified 

KD/GF/MCT in children with ASD after 3 months. The adverse effects of the KD were 

minimal in our study and occurred early during initiation of the diet. Approximately 55% of 

patients were adherent to the diet at 3 months. After 3 months on the modified KD/GF/MCT, 

approximately 50% showed moderate to substantial improvement in ADOS-2 scores. In 

agreement with previous studies, we did not observe significant relationships between BHB 

levels and the degree of improvement in ASD symptoms [14,15]. The degree of 

improvement (20%) represented moderate changes in ADOS-2 scores. The findings were 

driven by improvements in the social affect domain. Moreover, 50% percent of subjects 

showed improvement on CARS-2 scores in the areas of imitation, body use, and fear or 

nervousness. These results suggest components of the KD may offer an effective and safe 

treatment that should be considered for the treatment of social affective impairments in 

children with ASD.

Our findings of ASD related improvements from the KD support prior animal and human 

studies investigating the relationship between ketogenic therapies and autism 

[11,12,14,15,17–19]. In the present study, we obtained data from 10 participants that 

maintained the diet past the 3-month time point and found the improvements in social 

behavior are maintained. Moreover, our findings of significant improvement in CARS-2 

scores after 3 months on our modified KD are in agreement with a recent case control study 

in 45 children that found significant improvement in CARS scores after 6 months on the 

modified Atkins diet [15]. Taking into account this case control study and our study, both 

studies suggest that a specific component of a KD may mediate the beneficial effects for 

ASD behavior. However, uncertainty exists about the long-term effects of the KD on 

behavior in ASD. Thus, future research will need to examine the effects of the KD at a 

longer follow up period and whether termination of the diet would elicit regression of 

symptoms.

Emerging evidence is revealing that ASD is associated with dysregulated metabolism and 

altered immune inflammatory processes [25,26]. Notably, a previous matched case control 

study of 29 boys with ASD reported that HDL levels were significantly lower in cases as 

compared to controls [27]. This finding suggests that optimizing HDL levels in children with 

ASD may provide therapeutic benefits. Our findings are the first to support this hypothesis 

by showing that the percent change in HDL levels after 3 months on the KD significantly 

associated with percent change in ADOS-2 score. In our group, subjects with HDL levels < 

45 mg/dL had the greatest improvement. High-density lipoproteins exert a role in host 

defense and influence immune cell response by modulation of cholesterol availability in 

plasma membrane lipid rafts [28]. Low HDL levels are inversely correlated with severity of 

sepsis and increased inflammatory response [29]. Similarly, we found that the percent 

change in albumin levels after 3 months on modified KD significantly associated with 

percent change in ADOS-2 score. Subjects with lower baseline albumin levels had higher 
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percent change in ADOS-2 scores. Albumin is a globular protein found in human plasma 

that binds a variety of compounds including fatty acids. Previous studies have shown that 

serum levels of albumin associate with HDL levels [30,31]. We also observed this 

association of lower levels of albumin associating with lower levels of HDL. Croonenberghs 

et al. found significantly increased concentrations of total serum protein in individuals with 

ASD [32]. The increased levels of proteins were mainly accounted for by serum 

concentrations of albumin and gamma globulin, and presented in a setting of increased levels 

of IgG, IgG2 and IgG4. The authors hypothesized that this increased concentration of 

albumin is reflective of an activation of the immune response system [32].

The field of ASD research has proposed that altered immune inflammatory processes are 

involved in the etiology of ASD [33]. Our findings support this theory as previous work has 

shown that lowered levels of serum albumin and HDL are associated with children with a 

recent mild infection [31]. Together these findings suggest a limited biochemical profile for 

ASD responders of baseline HDL < 45 mg/dL and serum albumin < 4.5 g/dL. These 

findings also highlight the need to investigate the link to components of the ketogenic diet 

such as ketones that have been shown to block inflammatory related components of the 

immune system [34]. However, further immunological investigation is needed with a larger 

sample size and with children of different ages undergoing the KD. Future work should 

focus on identifying children with lower albumin and HDL levels, attempting interventions 

that target altering blood levels of HDL with the KD, and examining whether ASD behavior 

improves.

The neurobiological underpinnings of the KD improving ASD symptoms are unknown. 

While all subjects on the KD had increased BHB, only 50% of subjects demonstrated 

significant improvements in ASD behavior defined by 4 points or greater improvement in 

ADOS-2 total score. This suggests factors that convey a responder status. Furthermore, 

“super-responders”, as defined by total ADOS-2 score improvement of > 7 points (raw 

score), represented 40% of the cohort. We identified potential biochemical effects of the 

modified KD such as increased HDL, increased eosinophil percent, and lower white blood 

cell count that may play a role in predicting a responder versus non-responder. While our 

sample size is limited, our findings suggest that a super-responder profile may exist and 

relate to a pro-inflammatory condition in ASD children at baseline, and immunogenic 

response to the KD involving eosinophils that may mediate ASD behaviors. Among the 

entire cohort, there was a significant difference in pre-and post-KD eosinophil percent 

differential, suggesting a reduction in eosinophils following the KD. Eosinophils have 

classically been associated with allergy and parasitic infection [35]. We did not study these 

co-morbidities in our cohort. Either of these etiologies could be triggered in ASD. A 

reduction in eosinophils may suggest pathoetiology of allergen-specific-inflammation [36]. 

Several studies support a process of microglial inflammatory dysregulation resulting in the 

neuropathology in ASD [37–39]. There are few studies that apply anti-inflammatory therapy 

to rescue ASD-behavior in animal models [40]. Some groups have suggested a stratified 

ASD group based on inflammatory profiles [41]; however, more studies are needed that 

measure inflammatory profiles of children following the KD.

Lee et al. Page 8

Physiol Behav. Author manuscript; available in PMC 2018 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



The KD is proposed to decrease seizure frequency by several mechanisms including 

reducing inflammation, and altering mitochondrial function [42]. Animal studies of the KD 

report direct anti-inflammatory effects of the KD [43,44]. Considering the metabolic 

changes that govern seizure reduction, it is plausible to hypothesize that behavioral changes 

in children with ASD are explained by similar mechanisms. In a survey of 733 parents of 

children with seizures, the KD was perceived as very effective for improving seizures as 

compared to other AED and non-AED treatments and was perceived as having favorable 

effects on sleep, communication, behavior, attention and mood [45]. Other notable areas of 

investigation that may provide insights into the mechanism of action of the KD involve 

epigenetics and the gut microbiome. Epigenetics is the study of changes to cellular function 

by modification to gene expression rather than altering the genetic code. Epigenetic changes 

occur with dietary changes and BHB has been shown to function as an epigenetic modifier 

of gene expression [46]. Future research will need to examine whether the KD alters the 

epigenetic regulation of brain cells. The gut microbiome may serve as another worthwhile 

area of investigation in light of recent studies showing the importance of commensal bacteria 

in the gut in association with healthy brain function [47]. Animal studies of ASD have 

supported links between the KD and gut microbiome and mitochondrial changes [48,49]. 

Future research will need to identify the key bacteria and cellular mechanisms that are 

modified by the KD and that are associated with improvements in ASD behavior in humans.

4.1. Study limitations

Several limitations exist for our study that limit the generalizability of the results to other 

ASD cohorts. First, we did not report ASD subjects on a standard (non-KD) diet for 

comparison nor did we randomize subjects to diet groups. Likewise, no data on healthy 

control subjects was available to provide information about the effect of the KD in typically 

developing individuals. The ASD cohort had 56% of subjects remain on the modified 

KD/GF/MCT at 3 months, and 48% at 6 months. This is lower when compared to epilepsy 

patients as reported by Vining et al. [9] in a multi-center study suggesting 88% retention at 3 

months and 69% at 6 months. This difference may be attributed to the higher prevalence of 

problem feeders in this population [50,51]. Furthermore, of those recruited to start the 

modified KD/GF/MCT, only 55% initiated the diet after education. Providers planning to 

initiate the KD in patients with ASD should be aware of these challenges.

4.2. Conclusions

Components of the KD are possibly beneficial in improving social affect in children with 

ASD. Additional studies are needed to understand how the KD improves behavior. We 

propose a hypothesis similar to others that changes in carbohydrate and fat composition of 

the diet, cellular metabolism, inflammatory processes, and gut microbiome are responsible 

for the improved behaviors in children with ASD on the KD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Diagram of ASD ketogenic diet study participation.
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Fig. 2. 
ADOS-2 scores at baseline and 3 months on a modified KD/GF/MCT diet. a. ADOS-2 

Comparison score significantly improved at 3 months on the modified KD/GF/MCT diet 

(Wilcoxon matched-pairs signed rank test, P = .006). b. ADOS-2 Total score significantly 

improved at 3 months on the modified KD/GF/MCT diet (Wilcoxon matched-pairs signed 

rank test, P = .020). c. ADOS-2 Social affect score significantly improved at 3 months on the 

modified KD/GF/MCT diet (Wilcoxon matched-pairs signed rank test, P = .006). d. 

ADOS-2 restricted repetitive behavior score was not significantly improved at 3 months on 

the modified KD/GF/MCT diet (Wilcoxon matched-pairs signed rank test, P = .125). **, P 

< .01; *, P < .05; N.S., not significant.
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Fig. 3. 
ADOS-2 scores at baseline, 3 months, and 6 months on a modified KD/GF/MCT diet. a. 

ADOS-2 Comparison Score significantly improved at 6 months on the modified 

KD/GF/MCT diet (Friedman Test, P = .057, P = .034). b. ADOS-2 Total score significantly 

improved at 3 and 6 months on the modified KD/GF/MCT diet (Friedman Test, P = .044, P 

= .019). c. ADOS-2 Social affect score significantly improved at 3 months on the modified 

KD/GF/MCT diet (Friedman Test, P = .044, P = .019). ADOS-2 Restricted Repetitive 

Behavior score did not significantly improve at 3 months or 6 months on the modified 

KD/GF/MCT diet (Friedman Test, P = .0736, P = .218). *, P < .05; N.S., not significant.
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Fig. 4. 
Association between baseline HDL and albumin and ADOS-2 score % change. a. Baseline 

HDL significantly associates with ADOS-2 score percent change. b. Baseline albumin 

significantly associates with ADOS-2 score percent change. c. HDL percent change 

significantly associates with ADOS-2 score percent change. d. Albumin percent change 

significantly associates with ADOS-2 score percent change. Spearman correlation.
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Table 2

ADOS-2 and CARS-2 scores at baseline and 3 months on the modified KD/GF/MCT diet.

Baseline
M (SD)

3 month
M (SD)

Group
differences
(p-value)a

ADOS-2

Social Affect 15.33(3.20) 12.27(3.83) 0.006

Restricted & Repetitive Behavior 3.47(1.99) 2.60(2.13) 0.125

Overall Total 18.67(4.25) 14.80(5.00) 0.017

Comparison Score 7.80(1.52) 6.33(1.45) 0.006

CARS-2

Relating to people 2.35(0.72) 2.00(0.29) 0.094

Imitation 2.23(0.95) 2.00(0.71) 0.031

Emotional response 2.46(0.85) 2.23(0.75) 0.424

Body use 2.42(1.08) 2.04(0.90) 0.008

Object use 2.12(0.92) 2.19(0.75) 0.999

Adaptation to change 2.46(0.97) 2.27(0.88) 0.236

Visual response 2.23(0.75) 2.00(0.65) 0.406

Listening response 2.31(0.69) 2.04(0.43) 0.375

Taste, smell, and touch response 2.35(1.01) 1.96(0.90) 0.125

Fear or nervousness 2.81(0.95) 2.35(1.01) 0.039

Verbal communication 3.00(0.96) 3.00(0.91) 0.999

Nonverbal communication 2.12(0.82) 1.81(0.60) 0.203

Activity level 2.35(0.66) 2.38(0.68) 0.906

Level of consistency of intellectual response 2.50(0.95) 2.25(0.88) 0.929

General impression 2.83(0.58) 2.71(0.54) 0.265

Note. M = mean; SD = standard deviation.

a
Wilcoxon matched-pairs signed rank test.
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Table 3

Clinical laboratory results at baseline and 3 months on the modified KD/GF/MCT diet.

Baseline mean
(SD)

3 month mean
(SD)

P
Value

Weight (kg) 33.37(14.93) 33.28(13.29) 0.916

BMI (kg/m2) 18.67(3.73) 17.67(2.78) *0.009

Beta Hydroxybutyrate (0.02–0.27 mmol/L) 0.196(0.114) 1.351(1.74) *0.025

Sodium (136–145 mmol/L) 136.7(1.839) 137.9(1.981) 0.186

Potassium (3.3–5.1 mmol/L) 4.26(0.377) 4.38(0.517) 0.473

Creatinine (0.20–0.70 mg/dL) 0.47(0.082) 0.46(0.087) 0.868

Glucose (70–99 mg/dL) 94.5(8.00) 89.7(8.31) 0.178

HDL (≥ 60 mg/dL) 54.79(13.79) 63.86(14.9) *0.018

LDL (< 100 mg/dL) 76.7 (16.79) 94.7(28.98) *0.032

Triglycerides (< 150 mg/dL) 89.69 (57.8) 71.23(22.26) 0.283

Cholesterol (< 200 mg/dL) 151.4(24.56) 176.7(34.05) *0.003

White Blood Cell (6.0–16.0 10(9)/L) 8.07(2.38) 7.10(2.49) 0.087

Neutrophils% [10–40] 44.63(19.97) 44.99(10.11) 0.938

Monocytes% [4–10] 6.8(1.66) 6.64(1.41) 0.686

Eosinophils% (0–6) 5.83(3.89) 4.526(3.00) *0.044
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