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Abstract: Given the association between deviated inflammatory chemokines, the pathogenesis of
autism spectrum disorders (ASD), and our previous findings of the Chanwuyi Lifestyle Medicine
Program regarding improved cognitive and behavioral problems in ASD, the present study aims to
explore if this intervention can alter pro-inflammatory chemokines concentration. Thirty-two boys
with ASD were assigned to the experimental group receiving the Chanwuyi Lifestyle Medicine
Program for 7 months or the control group without a change in their lifestyle. The experimental group,
but not the control group, demonstrated significantly reduced CCL2 and CXCL8, a trend of reduction
in CCL5, and elevation of CXCL9. The experimental group also demonstrated significantly reduced
social communication problems, repetitive/stereotypic behaviors, and hyperactive behaviors. The
present findings support the potential efficacy and applicability of the Chanwuyi Lifestyle Medicine
Program for reducing both behavioral problems and immunological dysfunction in ASD. Further
studies are warranted to verify its treatment effect and its association with brain functions.
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1. Introduction

Autism spectrum disorders (ASD) are neurodevelopmental disorders whose etiologies
remain unknown, despite evidence that genetic, environmental, and immunological factors
likely play important roles in its pathogenesis. As early as 40 years ago, a link between
altered immune responses and ASD was first identified [1]. In recent decades, research on
the immunological profile of ASD and identifying potential biomarkers of immunological
dysfunction in ASD have become more vigorous [2]. Multiple studies have discovered that
abnormal levels of various inflammatory cytokines/chemokines are found in the brain
tissue, cerebrospinal fluid, plasma, and serum of individuals with ASD, which are believed
to trigger neuroinflammation and disrupt neurodevelopment in ASD [3–7]. Cytokines
are polypeptides with a major function of signaling immune responses to infection and
inflammation. Chemokines, a form of cytokine, function as chemoattractant molecules to
attract cells to migrate to local sites of infection and inflammation. In the central nervous
system (CNS), chemokines regulate neuronal cell migration, proliferation, neuronal cell
differentiation, and mediate communication between neurons and microglia.

Recent studies have repeatedly found elevated concentrations of CCL2, CCL5, and
CXCL8 in brain tissues, cerebrospinal fluid, or peripheral blood samples in ASD as com-
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pared to their normal counterparts [3–7], which suggested a pathological link between
the expressions of these chemokines and neuroinflammation in ASD. Relatively more
empirical evidence revealed an association of the elevation in macrophage-related CCL2
and neutrophil-related CXCL8 with the impaired developmental and adaptive function
associated with ASD as well as its core social communication and behavioral symptoms.
As examples, higher CCL2 was related to greater problems in expressive language, fine
motor skills, visual reception, and daily living skills [7]. In addition, higher CXCL8 was
related to less social responsiveness, more stereotypic and hyperactive behaviors, and
lower functional level in language and daily living skills in ASD [6]. Researchers even
found that elevated CXCL8 increased the risk of having ASD [8] and postulated that CXCL8
is a correlator to the underlying nature of brain damage in ASD [9]. A few studies have
examined the links between elevated T cells, eosinophils, and basophils-related CCL5 and
the risk of ASD and social deficits in ASD [3,7]. Our recent study [3] detected a significant
correlation between CCL5 and inattention and hyperactive symptoms in ASD. Another
chemokine, T helper type 1-related CXCL9, although relatively less investigated, is fea-
tured in emerging evidence suggesting that there is a deviated concentration in ASD. While
some studies suggested the suppression of CXCL9 [3,10], others reported an elevation in
ASD [4].

Until now, there has been limited research on the effective intervention for tackling im-
munologic abnormalities as well as the symptomatology of ASD. Although some biological
agents (e.g., transfer factor pentoxifyllinbasic fibroblast growth factor, intravenous im-
munoglobulin) have therapeutic effects on immunologic function and behavioral problems
in ASD [11,12], this aspect of evidence warrants further verification in more well-designed
controlled studies. On the other hand, an emerging line of research has proposed certain
lifestyle factors (e.g., diet modification, exercise program) to improve the symptomatology
of ASD, and some have reported positive outcomes [13–16] and improved immunologic
condition in ASD [17,18].

Lifestyle medicine, as defined by the American College of Lifestyle Medicine [19], is
“the use of evidence-based lifestyle therapeutic approaches, such as a predominantly whole
food, plant-based diet, regular physical activity, adequate sleep, stress management, avoid-
ance of risky substance use, and other non-drug modalities, to prevent, treat, and reverse
the lifestyle-related chronic disease”. Cumulative scientific evidence supports the effects of
replacing unhealthy lifestyles with positive ones for preventing, treating, and even reversing
various common chronic diseases, including heart disease [20], cancer [21,22], stroke [23],
diabetes [24], pain [25], and overweight/obesity [26]. Healthy lifestyles include eating whole,
plant-based foods (i.e., veggies, fruits, beans, lentils, whole grains, nuts, and seeds) that are
full of fiber, nutrients, and health-promoting; adopting a habit of regular moderate to vigorous
intensity of physical activities; improving sleep quality through dietary and environmental
changes; abstaining from tobacco; practicing effective coping and stress reduction techniques;
and maintaining social connectedness to boost emotional resiliency and overall health. Find-
ings from this line of research have demonstrated that comprehensive lifestyle changes can
reverse the progression of even severe coronary heart disease, type 2 diabetes, prostate cancer,
hypercholesterolemia, and high blood pressure [20,24,27].

While the majority of the empirical studies focused on the therapeutic benefits of
lifestyle medicine on chronic illnesses, our research team has been exploring the effects of a
traditional Chinese lifestyle intervention, the Chanwuyi Lifestyle Medicine Program [28,29],
on improving various neurological conditions. The Chanwuyi Lifestyle Medicine Program
is a comprehensive lifestyle intervention approach and is developed upon the medical
principles originating from the Chinese Chan Medicine. Chinese Chan Medicine is a holistic
approach facilitating better well-being and quality of life through modification of one’s life
habits, including diet modification, mind–body exercises, and self-realization. Cumulative
empirical and clinical evidence of this Chinese lifestyle medicine program have suggested
positive treatment outcomes on brain functions, mood state, problematic behaviors, and
the physical health of normal individuals [30–32], elderly with memory complaints [33–35],
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and patients with various brain disorders, including ASD [36–41], depression [42–44], and
epilepsy [45]. Children with ASD, who have adopted our Chan-based diet for 1 month,
showed significantly enhanced executive functions (including cognitive flexibility, impulse
control, and planning ability) and reduced social communication problem and repetitive
behaviors, whereas those without changes in their diet did not show such improvement [38].
Those positive changes in cognitive performance and problem behaviors were in line with
their increased EEG brain activity at the anterior cingulate cortex. Another two randomized
controlled studies have detected a positive effect for a 1-month regular practice of the mind–
body exercises (a component in our lifestyle intervention) on impulse control ability [39]
and memory retrieval strategy [41] in children with ASD, together with their elevated
neurophysiological activity in anterior cingulate cortex and fronto-posterior EEG coherence,
respectively. Such beneficial effects were not observed in the control group practicing
progressive muscle relaxation. Two other case studies on ASD with the adoption of
the Chanwuyi Lifestyle Medicine Program also demonstrated significant improvement in
executive functions, memory, and symptomatology of ASD [36,37].

Nevertheless, in spite of the promising results of the lifestyle program on ASD, these
studies have been relatively short-term, with the intervention lasting just 1 month. There-
fore, the present study aims to explore its treatment effect over a longer term (i.e., a 7-month
Chanwuyi Lifestyle Medicine Program). Our previous studies are primarily focusing on
the treatment effects on autistic symptoms, cognitive function, and brain physiological
state; we have not yet explored its possible effects on the immune function of children with
ASD. Previous empirical evidence reported enhanced cognitive functions and improved
problem behaviors, and years of clinical observation also found that children adopting
the lifestyle changes showed improved gastrointestinal function and sleep quality and
reduced frequency of sickness and nasal/skin allergy. The mechanism underlying those
positive changes might have an immunological basis. Therefore, it is anticipated that
children receiving the 7-month Chanwuyi Lifestyle Medicine Program will demonstrate
a positive change in their inflammatory chemokine profile. As reported in our recent study
on the distinctive chemokine profile in ASD [3], children with ASD demonstrated elevated
CCL2, CCL5, and CXCL8 and reduced CXCL9. Therefore, we anticipate that after the
intervention, there will be a decrease in CCL2, CCL5, CXCL8, and an increase in CXCL9
in the experimental group. Such immunologic alteration would also be in line with their
improvement in social and behavioral problems. Such positive changes are not expected
for children in the control group.

2. Materials and Methods
2.1. Participants

Thirty-two boys aged 6 to 18 years participated voluntarily in the present study. Writ-
ten informed consents were obtained from their parents before the study. All children
were diagnosed by a clinical psychologist based on the diagnostic criteria of Diagnostic
and Statistical Manual of Mental Disorders, 5th edition (DSM-5) [46], and the caregivers’
responses were obtained from the Autism Diagnostic Interview-Revised (ADI-R) [47].
Children who had any neurological disorder or infectious and allergic diseases such as
influenza, allergic asthma, and atopic dermatitis, or were prescribed immunosuppressive
drugs were excluded from the study. All children were not taking any psychotropic medi-
cation, except for one child who was prescribed with Risperdal. Among the 32 boys, 20 of
them were trained with the Chanwuyi Lifestyle Medicine Program (i.e., the experimental
group), whereas the remaining 12 boys who did not receive the lifestyle medicine program
served as the control group.

Table 1 presents the demographic and clinical characteristics of the two groups of
children. These groups were matched for age (t = −1.71, p = 0.10) and level of intelligence
(t = 1.46, p = 0.15), as estimated by the short form of the Chinese version of the Wechsler
Intelligence Scale for Children, 4th edition (Hong Kong) (WISC-IV(HK) [48]. These children
also showed a comparable level of autistic symptoms as assessed by the ADI-R (t = −1.27
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to 0.11, p = 0.22 to 0.91), and social and behavioral problems, as measured by the Social
Responsiveness Scale, 2nd edition (SRS-2) [49] (t = −0.80, p = 0.43), the Hyperactivity
subscale of short version of Conners’ Rating Scales—Revised (CRS-R) [50] (t = 2.00, p = 0.06),
and the Stereotypic Behavior and Hyperactive/Noncompliance subscales of Aberrant
Behavioral Checklist (ABC) [51] (t = 0.64 and 1.72, p = 0.53 and 0.10).

Table 1. Demographic and clinical characteristics of children with ASD in the experimental and control group at the baseline.

Experimental Group (n = 20) Control Group (n = 12) t p

Age, years 11.08 (3.54) 13.39 (3.97) −1.71 0.10
IQ 86.65 (16.55) 80.00 (9.14) 1.46 0.15

ADI-R Social Interaction 19.70 (5.54) 20.17 (5.80) −0.23 0.82
ADI-R Communication 14.35 (5.64) 16.67 (3.68) −1.27 0.22

ADI-R Stereotyped Behavior 5.25 (2.29) 5.17 (1.70) 0.11 0.91
SRS-2 Total Score 80.45 (26.29) 87.42 (19.09) −0.80 0.43

CRS-R Hyperactivity 6.40 (4.76) 3.33 (3.03) 2.00 0.06
ABC Stereotypic Behavior 4.45 (3.95) 3.58 (3.18) 0.64 0.53

ABC Hyperactivity/Noncompliance 19.00 (10.31) 13.17 (7.25) 1.72 0.10

Notes: Data are presented as means (SD). Abbreviations: ABC—Aberrant Behavior Checklist; ADI-R—Autism Diagnostic Interview—
Revised; ASD—Autism Spectrum Disorder; CRS-R—The short form of Conners’ Rating Scales—Revised; IQ—Intelligence Quotient as
assessed by the short form of Chinese version of Wechsler Intelligence Scale for Children, 4th edition; SRS-2—Social Responsiveness Scale,
2nd edition.

2.2. Procedures

This clinical study was conducted in accordance with the World Medical Association
Declaration of Helsinki. The research protocol was approved by the Ethical Review of
Research Project Involving Human Subjects at the Hong Kong Polytechnic University (Ref-
erence No.: HSEARS20111215002). We recruited the participants through advertisement in
mass media and the email sent to our laboratory database. Children who had previously
been diagnosed to have ASD or a tendency of ASD and who did not have any neurological
disorder or were not prescribed immunosuppressive drugs were eligible to participate in
the study. Figure 1 illustrates the flow of the experimental procedure of the present study.

After briefing the parents of all children about the procedure of the experiment and
obtaining their informed consent, peripheral blood samples of each child were collected at
a medical clinic by a registered nurse using venipuncture. The collected blood samples,
3 mL of EDTA blood and 3 mL of clotted blood, were centrifuged at 3000 rpm for 15 min,
and then, the harvested serum was stored at −80 ◦C in a clinical laboratory until chemokine
levels were measured. The processing and analysis of blood samples were performed
by an experienced laboratory technician who was blind to our experimental design and
group assignment. The serum chemokine concentrations were measured according to the
manufacturer’s instructions.

On a separate day, the parent of each child was invited to a clinical interview conducted
by a clinical psychologist and a well-trained research assistant. During the interview,
parents were asked about the developmental and medical history of their children, and
their social and behavioral characteristics based on a structured interview and standardized
questionnaires. Based on the DSM-5 criteria and the information collected in the ADI-R,
the clinical psychologist re-confirmed the diagnosis of each child. The research assistant
guided parents to complete the standardized questionnaires about their child’s everyday
socialization and behavior repertoire. The clinical psychologist and research assistant were
blinded to the rationale of the study and the group assignment.

Once the above baseline measures were collected, the participants were assigned into
the experimental or the control group based on convenience sampling. Children who were
available and willing to receive the lifestyle intervention were allocated to the experimental
group, whereas those who were not willing or not available to join the intervention program
were allocated to the control group. Children of the experimental group were arranged
for a 7-month Chanwuyi Lifestyle Medicine Program, whereas children in the control



NeuroSci 2021, 2 211

group were not. The intervention was conducted at the Chinese University of Hong Kong,
once per week, for 7 months on a group basis. Each training session lasts for 1.5 h. The
experimental group was divided into two groups based on their level of education (primary
and secondary level). The two groups were run consecutively by well-trained trainers
based on a standardized intervention protocol. The progress and quality of training were
closely monitored by the first author, who has developed the intervention protocol, through
weekly clinical meeting and regular on-site supervision throughout the intervention period.

After the intervention, the same procedure of blood samples collection and assay for
the children as well as assessing the social and behavioral problems using the standardized
questionnaires with the parents were conducted for both the experimental and control
groups. These data served as the outcome measures at post-intervention to evaluate the
treatment effect.
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2.3. Intervention

The Chanwuyi Lifestyle Medicine Program was developed upon a traditional Chinese
health-promoting lifestyle and Chan-based culture, namely Chanwuyi (i.e., Chan, martial
arts and healing). Chanwuyi is a well-developed form of lifestyle medicine that is based on
its Chan medical principles. According to the principles, our living style and attitude are
the key factors for our health status. This intervention emphasizes on adopting healthy
dietary, exercise habits, and positive living attitude to maintain the health of the mind and
the body. Given that the focus of this intervention is on modifying the daily living habit of
the children, they were allowed to continue with their other existing treatments, if any. This
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lifestyle medicine program has been empirically studied since 2007 and clinically adopted
since then.

Throughout the 7-month intervention, children and their parents were taught the fun-
dament principles and techniques of Chanwuyi Lifestyle Medicine Program. Each training
session was divided into three subsections. (1) Advise adoption of a plant-based diet and
avoid intake of food that generates excessive internal heat and adversely affects moods
and physical health according to the Chan medical principle. It is recommended to eat
four major categories of healthy foods: (a) fresh fruits and (b) vegetables in different colors
and eat the whole plant; (c) plant-based protein (seeds, beans, nuts), and (d) whole grains
(e.g., barley, millet, brown rice). Each category of foods accounts for a quarter portion of
the entire meal to ensure balanced nutrition consumed. By upholding the natural and
relaxing principle, participants drink when feeling thirsty, eat until feeling sufficient with
joyful and relaxed attitude. Food-to-avoid include ginger, garlic, green onions, spicy foods,
eggs, meat, fish, junk food, cold drink and food, and food with trans-fat and added sugar.
Children were encouraged to change their diet at their own pace. If for whatever reason
they could not fully adopt the plant-based diet, they were recommended to reduce intake
of the food that is not recommended and increase the proportion of fruits and vegetables.
Such a plant-based diet has been empirically studied to be effective in reducing behavioral
problems and modulating abnormal brain activity in children with ASD [38]; (2) Practice a
form of mind–body exercise, namely Neigong, which composes sets of breathing exercises
and gentle and calm movement. This type of exercise, similar to Tai Chi, is classified as
a moderate intensity level of physical activity. For detail of instruction please visit the
website https://chanwuyilifestyle.psy.cuhk.edu.hk (accessed on 11 February 2021). Our
previous research has found that regular practice of Neigong helps to induce a relaxed and
attentive brain state [31] and to improve impulse control and memory ability of children
with ASD [39,41]. Children were encouraged to practice Neigong daily at home. (3) Self-
realization is a process of self-awareness and understanding of how our greed, anger, and
obsession negatively affect our behaviors, emotions, and health. During the program,
children learned to cultivate gratitude and kindness to get rid of those negative beliefs and
to combat stress through interactive games and self-expression.

Each child was asked to complete the log record of home practice. The log record
covered aspects of diet modification, exercise practice, and attitude cultivation in everyday
living. Their records were reviewed weekly. Children who had made an effort to change
their living habits and attitudes were reinforced with praise and stickers as encouragement.

2.4. Immunological Measures

The concentrations of chemokines CCL2, CCL5, CXCL8, and CXCL9 were measured
using the BDTM human chemokine cytometric bead array (CBA) reagent (Becton Dickinson
Biosciences Pharmingen, San Jose, CA, USA). The multi-fluorescence BD FACSCaliburTM

flow cytometer identifies and enumerates chemokine subsets using BD CellQuestTM and
BDTM CBA software.

2.5. Behavioral Measures
2.5.1. Social Communication and Stereotypic/Repetitive Behaviors

Socialization deficits and stereotypic or repetitive behaviors are two core symptoms
of ASD, which are tapped by the total score of the SRS-2 and the Stereotypy subscale of
ABC. The SRS-2 is a sensitive standardized parent-report questionnaire that measures
the aspects of social awareness, social cognition, social communication, social motivation,
and restricted interests and repetitive behavior in ASD. It comprises 65 items scored on
a 0 to 3 scale, where its maximum score is 195. A higher score indicates more severe
problems. The Stereotypy subscale of ABC comprises seven items scored on a 0 to 3 scale
with behaviors scoring a 3 being most problematic. The maximum score is 21. It provides
a measure of stereotypic behaviors in terms of repetitive motor movements.

https://chanwuyilifestyle.psy.cuhk.edu.hk
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2.5.2. Hyperactivity Behaviors

Hyperactive behaviors were measured by the Hyperactivity subscales of the short
version of CRS-R and Hyperactivity/Noncompliance subscale of ABC. The Hyperactivity
subscales comprises six items scored on a 0 to 3 scale, where its maximum score is 18. The
Hyperactivity/Noncompliance subscale of ABC comprises 16 items rated on a 4-point
scale, where its maximum score is 48. For both measures, a higher score indicates the higher
severity of the problem.

2.6. Data Analyses

Between-group comparison on demographic details and baseline measures was per-
formed by independent sample t-tests. The comparison between pre- and post-training
measures of the two groups was performed by repeated measures analysis of variance
(ANOVA) and followed by paired samples t-tests to delineate the direction and extent of
changes within each group of children. To avoid inflation of Type I error resulting from
multiple comparisons, the alpha value was adjusted by dividing the number of compar-
isons within the same construct (i.e., 0.013). The effect size was also computed to indicate
the degree of between-group difference across time.

3. Results
3.1. Chanwuyi Lifestyle Medicine Program Modulated Pro-Inflammatory Chemokines in ASD

At the baseline, the experimental group demonstrated a similar profile of chemokine
concentrations to that of the control group (Table 2). There was no significant difference
between the two groups in the four immunological measures given the adjusted alpha
value at 0.013, t ranges from 0.66 to 2.15, p ≥ 0.04.

Table 2. Comparison of chemokine concentrations between experimental and control group at the baseline.

Experimental Group
(n = 20) Control Group (n = 12) t p

CCL2 193.73 (60.25) 156.03 (38.83) 2.15 0.04
CCL5 43,176.60 (18,019.80) 37,264.78 (8839.55) 1.24 0.23

CXCL8 86.81 (27.87) 80.20 (26.61) 0.66 0.51
CXCL9 232.33 (96.57) 347.52 (257.99) 1.49 0.16

Notes: Data are presented as means (SD).

Separate repeated measures ANOVA was performed to examine the changes in
each chemokine concentration between two groups across two measurement time points.
Figure 2 shows the pre–post changes of each chemokine concentration in the two groups.
Statistical results showed a significant Group (Experimental vs. Control) × Time (Pre vs.
Post) interaction effect on the concentration level of CCL2 and CXCL8 (F = 4.38 and 10.98,
p = 0.045 and 0.002), partial eta squared = 0.13 (medium effect size) and 0.27 (large effect
size), respectively. Post hoc paired sample t-tests found that the experimental group demon-
strated a significant reduction in the concentration level of CCL2 and CXCL8 after a 7-month
intervention (t = 4.07 and 4.71, effect size = 0.91 and 1.05 respectively, p ≤ 0.001). In contrast,
the concentration level of CCL2 and CXCL8 remains constant after 7 months in the control
group (t = 1.48 and −1.10, p = 0.17 and 0.29, effect size = 0.43 and 0.32 respectively).

The result of repeated measures ANOVA for CCL5 demonstrated a significant Time ef-
fect (F = 11.65, p = 0.002, partial eta squared = 0.28 (large effect size)), but not Group × Time
interaction effect (F = 0.63, p = 0.43, partial eta squared = 0.02 (small effect size)). A post hoc
paired samples t-test found a significant reduction in CCL5 concentration in the control
group (t = 3.62, p = 0.004, effect size = 1.05) and a trend of reduction in the experimental
group (t = 1.90, p = 0.07, effect size = 0.42). It should be noted that the SDs of the experi-
mental group (pre: 18,019.79; post: 16,857.66) before and after intervention are more than
double those of the control group (pre: 8839.55; post: 6950.12). Given that the effect size
of the pre–post difference in the experimental group is approaching the medium level,
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therefore, the non-significant change in the experimental group is probably due to the
large variability within the group. Furthermore, the result of the independent samples
t-test showed that the pre–post difference (reduced by 6100.13 in the experimental group
and 9804.23 in the control group) in CCL5 concentration between the two groups is not
significant (t = 0.80, p = 0.43).

NeuroSci 2021, 2, FOR PEER REVIEW 9 of 18 
 

 

 
Figure 2. Mean concentrations of four chemokines in the experimental and control group before and after intervention. 
The experimental group shows a significant reduction in (a) CCL2 and (c) CXCL8 and a trend of reducing (b) CCL5 and 
(d) CXCL9, whereas the control group shows a significant reduction in (c) CCL5. * p < 0.013, ** p ≤ 0.001 in paired samples 
t-test. Error bars represent 1 standard error ± mean. 

3.2. Chanwuyi Lifestyle Medicine Program Reduced Core Symptoms in ASD 
The positive effect of the Chanwuyi Lifestyle Medicine Program was also observed in 

reducing the severity level of core autistic symptoms. The SRS-2 total score and Stereotypy 
subscale score in ABC was adopted to evaluate the social communication ability and ste-
reotypic/repetitive behaviors of the children. Repeated measures ANOVA demonstrated 
significant Time effect on both measures (F = 10.85 in SRS-2 and 6.83 in ABC, p = 0.003 and 
0.014 respectively). Yet, there was no significant interaction effect identified (F = 0.53 and 
0.03, p = 0.47 and 0.87 respectively). Figures 3 and 4 demonstrate the change in mean rating 
on the respective scales before and after the intervention. A post hoc paired samples t-test 
revealed that the experimental group showed a significant reduction in core autistic 
symptoms, as measured by the SRS-2 after the intervention (t = 2.89, p = 0.009, effect size 
= 0.65) (Figure 3). Although children from the control group demonstrated a trend of re-
duction in the SRS-2 total score (t = 2.30, p = 0.042, effect size = 0.66), such change did not 
reach statistical significance when the adjusted alpha level (0.013) was adopted. Interest-
ingly, the pre–post change in SRS-2 total score was significantly correlated with the 
change in CCL5 concentration (r = 0.41, p = 0.02); that is, the greater the extent of reduction 
in CCL5 concentration, the larger the reduction in SRS-2 score (i.e., fewer social commu-
nication problems). Yet, any change in SRS-2 total score did not correlate with other chem-
okine indices (r ranges from −0.01 to 0.23, p ranges from 0.21 to 0.96). For the Stereotypy 
subscale in ABC, both groups showed reduced scores, but the change was not statistically 

Figure 2. Mean concentrations of four chemokines in the experimental and control group before and after intervention.
The experimental group shows a significant reduction in (a) CCL2 and (c) CXCL8 and a trend of reducing (b) CCL5 and
(d) CXCL9, whereas the control group shows a significant reduction in (c) CCL5. * p < 0.013, ** p ≤ 0.001 in paired samples
t-test. Error bars represent 1 standard error ± mean.

Although the Group × Time interaction effect on CXCL9 was not significant in re-
peated measures ANOVA (F = 2.11, p = 0.16), its effect size reached medium level (partial
eta squared = 0.07), and eyeball inspection of the direction of alteration in CXCL9 concen-
tration suggested a sensible and noteworthy trend of change in two groups. As reported in
our previous study [3], children with ASD were found to have an approximately two-fold
lower level of CXCL9 concentration than typically developed children, and this between-
group difference was statistically significant. Their reduced CXCL9 concentration was also
found to be associated with higher social and behavioral problems. In the present study,
children from the experimental group showed a 42% elevation in CXCL9 concentration
after intervention (from 232.33 to 329.35), whereas the control group showed a 19% re-
duction in CXCL9 concentration after 7 months (from 347.52 to 282.17). In addition, the
variability in the experimental group at post-intervention (SD = 358.04) is much larger than
that of the control group (SD = 196.51). Although the pre–post changes in the experimental
and control groups did not reach statistical significance (t = −1.29 and 0.93, p = 0.21 and
0.37, effect size = 0.29 and 0.27 respectively), the incremental trend in CXCL9 concentration
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mainly found in the experimental group might suggest a potential positive effect of Chan-
wuyi Lifestyle Medicine Program on this chemokine subset that would be worth further
investigation as part of a future study with a larger sample size.

3.2. Chanwuyi Lifestyle Medicine Program Reduced Core Symptoms in ASD

The positive effect of the Chanwuyi Lifestyle Medicine Program was also observed in
reducing the severity level of core autistic symptoms. The SRS-2 total score and Stereotypy
subscale score in ABC was adopted to evaluate the social communication ability and
stereotypic/repetitive behaviors of the children. Repeated measures ANOVA demonstrated
significant Time effect on both measures (F = 10.85 in SRS-2 and 6.83 in ABC, p = 0.003
and 0.014 respectively). Yet, there was no significant interaction effect identified (F = 0.53
and 0.03, p = 0.47 and 0.87 respectively). Figures 3 and 4 demonstrate the change in mean
rating on the respective scales before and after the intervention. A post hoc paired samples
t-test revealed that the experimental group showed a significant reduction in core autistic
symptoms, as measured by the SRS-2 after the intervention (t = 2.89, p = 0.009, effect
size = 0.65) (Figure 3). Although children from the control group demonstrated a trend
of reduction in the SRS-2 total score (t = 2.30, p = 0.042, effect size = 0.66), such change
did not reach statistical significance when the adjusted alpha level (0.013) was adopted.
Interestingly, the pre–post change in SRS-2 total score was significantly correlated with
the change in CCL5 concentration (r = 0.41, p = 0.02); that is, the greater the extent of
reduction in CCL5 concentration, the larger the reduction in SRS-2 score (i.e., fewer social
communication problems). Yet, any change in SRS-2 total score did not correlate with
other chemokine indices (r ranges from −0.01 to 0.23, p ranges from 0.21 to 0.96). For the
Stereotypy subscale in ABC, both groups showed reduced scores, but the change was not
statistically significant at an adjusted alpha level (t = 2.15, p = 0.045, effect size = 0.48 in the
experimental group, and t = 1.73, p = 0.11, effect size = 0.50 in the control group) (Figure 4).
There was no significant correlation between any chemokine concentration levels and the
Stereotypy score (r ranges from −0.06 to −0.17, p ranges from 0.35 to 0.76).

Since the total score of SRS-2 comprises the Social Communication Index (SCI) and Re-
stricted and Repetitive Behavior Index (RRBI), further analysis was performed to delineate
whether the reduction in total score was due to a reduction in either one or both of the index
scores. The results of a paired samples t-test revealed that the experimental group showed
a significant reduction in both SCI and RRBI (t = 2.75 and 2.80 respectively, p ≤ 0.013),
whereas the control group did not (t = 2.25 and 2.04 respectively, p ≥ 0.05). The pre- and
post-mean (SD) scores of SCI in the experimental group were 66.75 (21.05) and 54.15 (17.04),
and those in the control group were 73.67 (17.16) and 65.00 (22.05). The pre- and post-mean
(SD) scores of RRBI in the experimental group were 13.70 (6.55) and 9.20 (5.09), and those
in the control group were 13.75 (3.89) and 11.50 (4.70). Therefore, this suggests that the
Chanwuyi Lifestyle Medicine Program significantly reduces the two core clinical symptoms
of ASD in the experimental group. The SCI score was positively correlated with CCL5
concentration (r = 0.48, p = 0.005) but not with other chemokine indices (r ranges from
0.02 to 0.23, p ranges from 0.21 to 0.93). There was no significant correlation between
any chemokine indices and RRBI score (r ranges from −0.08 to −0.25, p ranges from 0.16
to 0.68).

3.3. Chanwuyi Lifestyle Medicine Program Reduced Hyperactivity Behaviors in ASD

In addition to core autistic symptoms, children who had received the Chanwuyi
Lifestyle Medicine Program showed a significant reduction in hyperactive behaviors as
measured by the Hyperactivity subscale in CRS-R and Hyperactivity/Noncompliance
subscale in ABC. Figure 5 shows the pre–post changes in measures of hyperactive behav-
iors in both groups. In repeated measures ANOVA, there is a significant Group × Time
interaction effect on CRS-R subscale (F = 7.75, p = 0.009, partial eta squared = 0.21 (large)),
and a significant Time effect on the ABC subscale (F = 1.99, p = 0.17, partial eta squared
= 0.06 (medium)). A post-hoc paired samples t-test showed that the experimental group
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demonstrated significantly reduced hyperactivity behavior in both CRS-R and ABC sub-
scales (t = 3.65 and 3.15, p = 0.002 and 0.005, effect size = 0.82 and 0.70, respectively). In
contrast, the control group did not show such a significant reduction (t = −0.50 and 1.38,
p = 0.63 and 0.20, effect size = 0.14 and 0.40, respectively). The two hyperactivity measures
were not correlated with any chemokine indices (r ranges from 0.03 to 0.22, p ranges from
0.22 to 0.86).
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1 standard error ± mean.
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Figure 5. Mean parental rating on children’s hyperactive behaviors in the experimental and control
groups before and after intervention. The experimental group shows a significant reduction in
hyperactivity in (a) CRS-R and (b) ABC after intervention, whereas the control group does not show
such a reduction. CRS-R = the short form of Conners’ Rating Scales—Revised; ABC = Aberrant
Behavior Checklist. * p < 0.01 in paired samples t-test. Error bars represent 1 standard error ± mean.

4. Discussion

The present findings provide evidence for the potential benefits of the Chanwuyi
Lifestyle Medicine Program on modulating immunological responses and behavioral
problems in children with ASD. Children from the experimental group were found to have
a significant downregulation of two pro-inflammatory chemokines, macrophages-related
CCL2 and neutrophils-related CXCL8 and significantly reduced core autistic features
(including social communication deficits and restricted/repetitive behavioral repertoire)
and hyperactive behaviors after 7-month lifestyle changes. In contrast, children who were
in the control group did not show such immunologic and behavioral changes. The present
findings provide a potential immunologic-based explanation for our empirical and clinical
evidence that many children with ASD would have improved cognitive functions and
reduced allergic reactions (e.g., nasal, skin, and food allergy) after adopting the lifestyle
changes according to the Chanwuyi principles [37–41].

CCL2 and CXCL8 are the most widely studied members of the CC and CXC chemokine
families, respectively. The impact of deviated CCL2 and CXCL8 on neuroinflammation and
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pathogenesis of ASD has been implicated in past research. Xu et al. (2017) [52] suggested that
CCL2 protein expression maximizes the probability of acute and chronic inflammation in the
brain, which thereby affects an individual’s level of cognitive functioning. Elevation of CCL2
and CXCL8 has been repeatedly reported to be linked with the inflammatory responses in
the brain of patients with multiple sclerosis, stroke, traumatic brain injury, and Alzheimer’s
disease [53–56]. Increased CCL2 was also found to be associated with Parkinson’s disease,
encephalitis, and a brain tumor [57–59], whereas increased CXCL8 was found to be related
to epilepsy, HIV-1, and neurosyphilis [60–62], The link between CCL2 and CXCL8 with ASD
was also recurrently evidenced. Levels of chemokines macrophage chemoattractant CCL2
were found to be about two-fold higher in the anterior cingulate gyrus and cerebellum
in the brain tissue of ASD than in the controls [4]. Moreover, cerebrospinal fluid from
patients with autism showed a 12-fold increase in CCL2 when compared with controls [4].
Elevation of CCL2 in plasma was repeatedly reported in ASD [3,6,7]. Similarly, neutrophil
chemotactic factor CXCL8 was found to be higher in the brain cortex of ASD in comparison
to the control group [4]. Given the potent chemotactic effects of CXCL8 on neutrophils
and granulocytes, Li et al. (2009) [5] have postulated that such elevation might implicate
a chemokine-mediated neuroinflammation that could be related to possible brain damage
led by infiltrated neutrophils and granulocytes. Furthermore, the increased peripheral level
of CXCL8 in plasma samples was also found in children with ASD than typically developed
children [3,6]. The increased CCL2 and CXCL8 have been reported to be associated with
greater impairment in developmental and adaptive function and more frequent social with-
drawal and stereotypic and hyperactive behaviors in ASD [6,7]. Therefore, the significant
downregulation of CCL2 and CXCL8 in ASD after the 7-month Chanwuyi Lifestyle Medicine
Program has shed some light on the potential benefits of the adopting a healthy lifestyle on
improving the immunologic state of ASD.

As compared with CCL2 and CXCL8, the mechanism of CCL5 and CXCL9 implicated
in the pathogenesis of ASD is relatively less studied. Although there was a marginal
trend of reduction in CCL5 and increment in CXCL9 in the experimental group after the
intervention, these changes are not statistically significant, which could be due to the
large variability in their concentrations. Although allergy-related CCL5 has been found
to be related to some neuroinflammatory diseases, such as encephalitis [58], multiple
sclerosis [63], and Alzheimer’s disease [64], it has a stronger linkage with HIV-related disease
and cancers [65,66]. The association between CCL5 and ASD remains inconclusive. While
a few studies have detected elevated CCL5 in ASD [3,7,10], other studies found a decline [67]
or did not find an abnormal concentration of CCL5 in ASD [4]. Similarly, the role of Th1-
related CXCL9 in neuroinflammatory diseases has been minimally explored. Some studies
have suggested its association with encephalitis, ischemic stroke, and epilepsy [68–70]. Few
studies have addressed either an elevated or a suppressed level of CXCL9 in ASD [3,4].
Given the relatively less known mechanism of CCL5 and CXCL9 underlying pathogenesis
of ASD, the non-significant treatment-induced alteration in these chemokines in the present
study warrants further investigation to delineate the explanation for such results.

The therapeutic effect of Chanwuyi Lifestyle Medicine on changing the pro-inflammatory
chemokine profile of ASD is theoretically sound. On the one hand, the Chan-based dietary
recommendation of increasing intake of plant-based food and reducing intake of food that
can generate excessive internal heat can reduce inflammatory responses in the body as well as
the brain. This is in line with the repeated scientific findings of a plant-based diet on reducing
the risk of having brain disorders associated with neuroinflammation (e.g., Alzheimer’s dis-
ease [71], stroke [72]), and alleviating inflammatory responses in some physical illnesses (e.g.,
coronary heart disease, diabetes, and atherosclerosis [73]). A few studies have also suggested
the modulating effect of diet change in altering immune responses in ASD [74]. On the
other hand, the practice of a moderate intensity mind–body exercise (Neigong) and education
on taking a more positive living attitude in the Chanwuyi Lifestyle Medicine Program are
believed to enhance the capacity of children with ASD for promoting proper stress coping,
which are protective factors for anti-neuroinflammation. The benefits of physical activity
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on reducing inflammation in autoimmune diseases such as diabetes and arthritis have been
extensively studied with positive results [75]. A review conducted by Spielman, Little, and
Klegeris [76] concluded that physical activity helped attenuate neuroinflammation associated
with the major depressive disorder, schizophrenia, Alzheimer’s disease, and Parkinson’s
disease. Positive life attitude, such as gratitude, can boost immune function and reduce the
risk of stroke [77]. Although exercise-induced modulation of immune function in ASD has
been rarely studied, children with ASD were found to be less physically active than typically
developing children [78], and some research has supported the positive effects of physical
activity (e.g., swimming, jogging, cycling, weight training, and walking) on improving their
balance and flexibility [79], social communication skills [13], peer relations [79], and reducing
stereotypical behaviors [15], inattention [79], and self-stimulation [79]. Therefore, it is worth
exploring the potential benefits of regular exercise on the immunological function of ASD in
the future.

The positive effects of the Chanwuyi Lifestyle Medicine Program on reducing autis-
tic symptoms and impulse control problems (as reflected by hyperactivity) have been
repeatedly demonstrated in our previous studies [37–39]. While our previous randomized
controlled studies were focusing on the short-term effect (i.e., one month of training),
the present study replicated similar positive outcomes over a longer term of intervention
(i.e., 7 months). In the present study, the mean reduction of problematic behaviors in the
experimental group (mean reduction: 35.8%, range of changes: 21.3% to 51.6%) is more
than double that in the control group (mean reduction: 14.6%, range of changes: −12.6%
to 41.9%). As compared to the 13% reduction in problematic behaviors after one-month
Neigong practice [39] and 21% reduction after one-month Chan-based diet modification [38]
reported in our previous studies, the extent of treatment effect (35.8%) is relatively more
substantial in the present study. The present greater effect could be related to the longer
duration of intervention and the more comprehensive intervention protocol adopted. In pre-
vious studies, we have explored the neural mechanism underlying the treatment-induced
behavioral changes and discovered enhanced brain activity in the anterior cingulate cor-
tex in ASD [38,39]. Such findings imply that the Chanwuyi Lifestyle Medicine changes
behaviors of ASD by altering their neural activity pattern. Given the association between
behavioral deficits and immunological abnormality in ASD, the present study substantiated
the positive effect of the Chanwuyi Lifestyle Medicine on the immunologic state of children
with ASD, which could be a possible contributing factor for the positive behavioral changes
in ASD.

Despite the encouraging findings in the present study, there are some limitations
that warrant further studies. First, although both experimental and control groups are
matched on age, intelligence level, immunological state, and behavioral symptoms, the
large variability in some of the immunological measures could be related to the small sam-
ple size and/or varied age range. It is worth conducting a randomized controlled study
with a larger sample size and a narrower range of age to examine the long-term effect of
the Chanwuyi Lifestyle Medicine Program on the immunological function of ASD. Second,
the participants in the present study are recruited based on convenience sampling, with
those who are willing to receive the lifestyle intervention allocated to the experimental
group, whereas those who are not willing or not possible to join the intervention group
are allocated to the control group. Therefore, randomized controlled studies are needed
to avoid potential bias of the present sampling technique and to verify the therapeutic
effect of the Chanwuyi Lifestyle Medicine for ASD. Third, the Chanwuyi Lifestyle Medicine
Program is developed upon the Chinese Chan-based medical model, which is probably
relatively well-received by our participating children, who are Chinese. Whether such
an intervention is also suitable and effective for people from Western societies warrants
further investigation. Fourth, the present study has only revealed the alteration in plasma
chemokines level and behavioral symptoms of ASD. Yet, the underlying neurological
mechanism in relation to the changes in chemokines remains largely unknown. Therefore,
to draw a conclusive remark on how the Chanwuyi Lifestyle Medicine Program influ-
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ences immunological function, which mediates alteration in brain physiological state and
functioning and hence the behavioral symptoms in ASD, requires more extensive studies.

5. Conclusions

While effective intervention for modulating the immunological abnormalities of ASD
remains largely unknown, the present study explores the potential therapeutic effects
of a traditional Chinese lifestyle intervention, namely the Chanwuyi Lifestyle Medicine
Program, on alleviating the deviation of chemokine concentration in children with ASD
and on improving the common social and behavioral problems observed in ASD. We found
that children with ASD having received a 7-month Chanwuyi Lifestyle Medicine Program
showed significantly suppressed CCL2 and CXCL8 and a trend of reduced CCL5 and
elevated CXCL9 in their peripheral blood samples, and they also had significantly reduced
autistic symptoms and hyperactive behaviors. In contrast, children who did not receive
the lifestyle intervention did not demonstrate such a pattern of changes. While previous
studies on the Chanwuyi Lifestyle Medicine Program are mostly on its short-term effects
(i.e., 1 month) on cognitive functions and problem behaviors, the present findings further
substantiate the potential long-term (i.e., 7 months) benefits of such a lifestyle program on
immune function and behaviors of ASD. However, further randomized controlled trials on
the positive effects of the Chanwuyi Lifestyle Medicine Program on immune function are
warranted, and it is worth exploring the immunological changes in relation with possible
changes in brain functions and activity in future.
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