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Abstract

Complementary and alternative medicine (CAM) consist of a broad group of restorative resources often linked

to existing local cultures and established health care systems and are also increasingly used in children with some
serious illnesses. In this narrative review, we examine the epidemiology of the use, efficacy, and safety of complemen-
tary and alternative medicine in pediatric oncology, neurology, and hepatology. We searched for relevant articles pub-
lished in Pubmed evaluating CAM use and its efficacy in safety in children affected by oncologic, neurologic and liver
diseases. CAM is used to improve the success of conventional therapies, but also to alleviate the pain, discomfort,

and suffering resulting from the diseases and their treatment, which are often associated with a significant burden

of adverse effects. CAM use must be evaluated in children with neurological, oncological and liver diseases.
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Introduction

The term complementary therapy is used in conjunction
with alternative therapy to describe medical procedures,
based on the connection between body and mind, which
can help patients affected by severe health conditions feel
better and improve their quality of life. The use of com-
plementary and alternative medicine in pediatric oncol-
ogy has increased significantly in recent years. In the
1970s, when these disciplines first appeared on the health
care scene, they were provided primarily as an alternative
to conventional health care and thus came to be known
collectively as "alternative medicine." The name "com-
plementary medicine" developed when the two systems
began to be used alongside each other (to "complement”).
Over the years, the term "complementary" has moved
from describing this relationship between unconven-
tional health disciplines and conventional care to defin-
ing the group of disciplines themselves. This change and
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overlapping terminology may explain some of the confu-
sion surrounding the topic [1].

Currently, the terms are often used in one combined
definition, complementary and alternative medicine
(CAM), although substantial differences exist between
the two. Complementary medicine is increasingly being
adopted as supplementary therapeutic modalities sup-
porting standard therapies to relieve symptoms, while
alternative medicine is used instead of conventional
treatments [1]. However, replacing standard care with
alternative treatments can expose patients to life-threat-
ening consequences. In contrast, complementary thera-
pies taken together with standard medical care can help
patients better manage symptoms caused by cancer or
mitigate side effects associated with therapy [2].

CAM includes a variety of health care practices sum-
marized in Table 1. According to Cochrane, CAM con-
sists of a broad group of restorative resources, which may
involve therapeutic methods and practices and related
theories and beliefs, often linked to existing local cultures
and established health care systems [3].

In summary, the purpose of using complementary ther-
apies in clinical practice is to improve the quality of the
therapeutic environment and therapeutic relationships,
with the goal of optimizing the patient’s ability to heal,
in conjunction with traditional therapies [4]. However,
there are still many gaps in scientific research on com-
plementary therapies, and the impact caused by the side
effects of various CAM therapies may be underestimated
due to the lack of comprehensive data. This paucity
of data may be due to a lack of funding or commercial
interest of pharmaceutical companies and the scarcity of
adequately trained professionals on the use of CAM and
the performance and interpretation of systematic reviews
and methodological issues [4-7].

This informational article briefly discusses the use of
CAM in pediatric patients affected by some serious,

Table1 The most commonly used complementary and
alternative medicines in patients with severe health conditions

Major complementary/alternative therapies (CAM) frequently
used in patients with severe health conditions

« Acupressure - Lifestyle changes

- Acupuncture - Massage

« Applied kinesiology - Meditation techniques
« Aromatherapy - Nutritional therapy

« Ayurveda « Osteopathy

- Biofeedback « Physical activity

« Chiropractic - Reflexology

- Dietary changes
« Herbal medicine
« Homoeopathy

« Hypnosis

- Self-help groups

- Stress management techniques
- Shiatsu

-Yoga
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chronic and disabling diseases, specifically focusing on
oncological, neurological, and liver diseases. In fact,
many complementary and alternative medicines claim
to relieve symptoms in cancer patients or during cancer
treatments, reduce the burden of neurological condi-
tions, relieve symptoms of liver disease, or reduce the
risk of developing liver diseases. This article aims to fur-
ther raise awareness among general pediatricians about
the importance and risks of complementary therapies in
clinical practice.

Materials and methods

This is a brief narrative review that focuses on the use of
CAM in pediatric patients with oncological, neurologi-
cal, and liver conditions. Article selection was performed
using established methods as described elsewhere [8]. In
this article the authors summarize key information on the
use of CAM in pediatrics obtained from scientific arti-
cles published during the past 20 years, including origi-
nal studies, systematic review and meta-analysis. Articles
search was performed using top academic search engines
[8], including the classic academic databases Web of Sci-
ence, Science.gov, Core, Scopus and PubMed, the search
engine of the United States National Library of Medicine.
Inclusion criteria involved all peer-reviewed articles pub-
lished in English language, limited to child studies and
published since 2003 (20 years). There was no geographi-
cal limitation for the articles considered for the review.

Overview on complementary and alternative medicine
Therapeutic use of CAM

Many CAM practices have already been used for years,
and their beneficial effects on the mind and body have
been known since ancient times. In recent years, evi-
dence has increased that these practices can play an
important role in the treatment of some specific diseases,
including cancer, neurological and liver diseases [1, 9].

One element shared by most complementary therapies
is the multifactorial, multilevel view of human disease.
According to complementary disciplines, the disease is
no longer seen as a single pathological process but as a
collection of physical, mental, social, and spiritual dis-
orders. They also emphasize the human body’s ability to
recover faster in comfortable situations and under appro-
priate conditions.

Based on this holistic approach, complementary ther-
apies aim to heal individuals by restoring their physical
and inner balance. The goal is to stimulate and facilitate
the body’s positive responses in association with, not as
an alternative to, "conventional” therapies, rather than
targeting individual disease processes and troublesome
symptoms [6].
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Efficacy of CAM

Numerous controlled clinical trials have demonstrated
the usefulness of complementary therapies in treating
various diseases with significant public health impact.
The importance of CAM is further emphasized by the
U.S. National Institutes of Health (NIH), which estab-
lished the Office of Alternative Medicine, later named
the National Center for Complementary and Integrative
Health (NCCIH), to study the efficacy and safety of alter-
native therapies [7].

A wealth of information on the effectiveness of com-
plementary and alternative medicine is available in the
literature, including peer-reviewed publications, evi-
dence-based reviews, expert group papers, and authorita-
tive textbooks. However, no consensus has been reached
on its effectiveness. Many CAM procedures have been
studied and found to be effective in combination with
conventional treatments, while other studies have found
CAM to be ineffective or have reported contradictory
and inconsistent results [9].

Standardization of data in CAM studies is difficult,
which may explain the difficulty in reaching a consensus
on their use in combination with the treatment of many
conditions. In fact, complementary therapies cannot be
standardized for individual conditions because, in most
cases, their use is based on the patient’s characteristics
or experiences rather than on a clinically diagnosed dis-
ease in the traditional way. Outcomes are also difficult to
standardize because they are often specific to individuals
rather than based on objective, uniform measures such as
blood pressure, blood glucose and inflammation indices.
In addition, many studies lack a placebo control, which
precludes any reliable conclusions. However, despite the
lack of consensus on the efficacy of CAM, many stud-
ies have provided substantial data in favor of their use as
integrated treatments in various serious disease condi-
tions [9, 10].

Safety of CAM

Unlike conventional medical treatments, which are thor-
oughly tested and regulated, most complementary thera-
pies have not yet been sufficiently tested for their safety.
Some studies have examined suspected CAM-related
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adverse reactions in the pediatric population and have
warned of the risks and dangers of CAM in children,
especially in "fragile” patients, such as those with cancer
or neurology and liver diseases [11]. Studies have also
provided insights into factors that might increase the
risk of serious adverse reactions associated with the use
of CAM in children. Indeed, their common description
as natural remedies may suggest the assumption of safety,
whereas the potential effects of CAM may instead rep-
resent an increased iatrogenic risk. In particular, the use
of products containing more than two components and
administered concurrently with conventional medica-
tions may pose a potential risk in younger patients [11],
because responses to standard treatments in this popu-
lation are often unpredictable and individual-based, and
complementary treatments are usually not standardized
[5, 7]. Adverse effects have also been reported in the
use of herbal dietary supplements (HDS), as they can
affect different physiological systems [12]. Studies on
the adverse effects of CAM are significantly advancing
knowledge in this area. However, health care providers
should familiarize themselves with CAM practices and
carefully balance the associated benefits and risks to best
care for their patients.

Use of complementary therapies in oncological diseases
Complementary therapies are used effectively in children
with slow-moving forms of cancer to help cure or alle-
viate symptoms. Preferably, integrative pediatric oncol-
ogy should be provided in pediatric hospitals or medical
centers that participate in clinical trials or belong to pedi-
atric oncology networks [13]. Complementary therapies,
which in general are usually used in cancer patients, are
summarized in Table 2.

The inclusion under the term CAM of several and vari-
ous types of complementary practicesused for pediatric
cancer patients may explain the wide range of prevalence,
depending on the country (6%-91%), reported in a recent
systematic review [13]. In particular, large differences
have been reported between North America and Europe,
which may also have been influenced by the time period
over the past 30 years when CAM alone or CAM has

Table 2 Complementary therapies frequently used in cancer patients

Complementary therapies frequently used in cancer patients

« Touch therapies: acupuncture, aromatherapy, reflexology, and massage

- Mind-body therapies: relaxation, guided imagery and hypnosis, yoga, meditation, tai chi

- Energy therapies: Reiki, therapeutic touch, and healing touch

- Talking therapies: trained counsellors (one-to-one) or group sharing experiences

+ Changes in Daily lifestyle: physical activity, healthy diet, vitamins, probiotics, herbalism
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been introduced in different countries, either in support
of or as an alternative to cancer therapy [14, 15].

The increased use of CAM to relieve symptoms in oncology
patients

Parents of pediatric oncology patients are inclined to
introduce unconventional treatments to reduce harming
symptoms and alleviate complications of therapy[14].
The most common symptoms during cancer therapy
are nausea and vomiting, whose multifactorial origin is
typically related to chemotherapy [14, 16]. According to
a 2022 review, CAM practices have helped to alleviate
nausea, vomiting, mucositis, weight loss, anxiety, pain,
and, most importantly, to improve children’s quality of
life [13].

The routine use of CAM, in addition to standard can-
cer therapies, has significantly increased during the past
recent years by families and caregivers of cancer patients.
Currently, these therapies are often an integral part of
supportive care, especially used to control the side effects
of cancer therapies. However, the use of CAM in cancer
therapy is still debated, and there is no final consensus
regarding its effectiveness and safety [17].

Different types of complementary therapies are used
during cancer treatment. The National Center for Com-
plementary and Alternative Medicine (NCCAM), popu-
lar categories of CAM are natural products, including
plants/herbs, a practice also known as "herbalism," vita-
mins and other dietary supplements, mind—body prac-
tices (prayer, meditation, yoga, acupuncture, guided
imagery, hypnotherapy, tai chi) manipulative practices
(e.g., massage, chiropractic), new "biological field thera-
pies" (e.g., Reiki, healing touch, qi gong), traditional
healers, and other medical practices such as Ayurvedic
medicine or traditional Chinese medicine, when used as
a support to conventional medicine [18]. Homeopathy,
dietary treatments and nutritional supplements seem
very popular in Germany [7], while herbal extracts are
mostly used in Mexico and water therapy and Spirulina
in Malaysia[17]. Although often used during cancer
treatments, chiropractic care needs further studies to
demonstrate its effectiveness in pediatric oncology[19]. A
recent review reports that several studies first observed
the effects of CAM modalities on symptoms related to
cancer therapy, and that hypnosis, imagery/visualization
and music therapy were found to be most useful in reliev-
ing procedure-related pain [19].

This section briefly discusses some of the most com-
monly used CAM procedures in pediatric oncology.

Massage
One of the most used CAM interventions for children
with cancer is massage. An extensive review of massage

Page 4 of 21

practice in pediatric patients, which reports 24 rand-
omized controlled trials between 1992 and 2006, found
that massage was strongly effective on anxiety in chil-
dren, especially after multiple sessions of this interven-
tion [20]. In addition, evidence has been reported of
other side symptoms relieved by massage, including nau-
sea, pain, depression, stress, anger, and fatigue [21-23]. A
study on a limited cohort of pediatric oncology patients
of different ages and mixed diagnosesreported positive
results in reducing heart rate and anxiety and very posi-
tive evaluations of the massage experience by the partici-
pants [24].

Studies on massage in children undergoing bone mar-
row transplantation (BMT) are scarce. In one study, fifty
young cancer patients undergoing BMT received pro-
fessional massage, parental massage, or constituted the
control group. There was a significant difference in inci-
sion days after BMT in the combined group that received
massage (parental and professional). A significant reduc-
tion in anxiety and immediate discomfort was seen in the
group that received professional massage [21]. Another
follow-up study conducted by the same team found no
differences in depression, quality of life, or posttrau-
matic stress between a child intervention group (humor
and massage), a parent intervention group (massage and
relaxation), and a control group receiving only standard
care, although an improvement and adjustment of symp-
toms were observed in all groups [25]. In a smaller pilot
study, the combination of tri-weekly massage and acu-
pressure versus standard care demonstrated benefits in
terms of nausea, fatigue, pain, and reduction of mucositis
and benefits were reported by caregivers using this prac-
tice [24].

Yoga

There is evidence that yoga improves physical strength
and flexibility as well as mental health through toning,
stretching, and relaxation exercises. It has also been
shown to beneficially influence the autonomic nervous
system [26] by decreasing salivary cortisol levels, plasma
renin levels, and urinary norepinephrine and epinephrine
levels, as well as reducing blood pressure and heart rate
[27]. In two studies yoga has been shown to be safe and
feasible in pediatric cancer patients undergoing chemo-
therapy [28, 29]. However, further research is needed
to demonstrate its efficacy in effectively controlling the
symptom.

A recent study reports that a significant improvement
in pain was achieved in patients using yoga regardless
of their age. In addition, this study also reports the ben-
efits of yoga in parents caring for their children. It was
shown that one yoga experience was important enough
for parents to control emotions and contain anxiety. In
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summary, this study emphasized that it was feasible for
children and adolescents with hematologic or oncologic
disease and their parents to participate in the yoga inter-
vention [30]. Similarly, a different study suggested that
patients’ guardians experienced a significant decrease in
anxiety after using relaxation practices [31]. Finally, yoga
has been shown to be significantly effective in reducing
fatigue symptoms in pediatric brain tumor patients and
in improving their sleep.

Acupuncture and acupressure

Acupuncture includes a group of techniques in which
small needles, heat or electrical stimulation are placed
at specific anatomical points. Acupuncture points are
located on meridians along which qi (a "life energy")
flows, while acupressure uses pressure applied with
hands or other devices on the same acupuncture points
[32]. Children have been shown to tolerate acupuncture
well [33] and to have no bleeding problems. In addition,
acupuncture has been reported to be effective in reduc-
ing chemotherapy-induced nausea and vomiting dur-
ing or at the end of chemotherapy treatment [34]. In a
meta-analysis that evaluated the effects of acupuncture
on postoperative nausea and vomiting, acupuncture was
shown to reduce vomiting and nausea [34].

Acupressure is similar to acupuncture but uses pres-
sure instead of needles. This practice can be helpful for
children who suffer from agophobia or when an acu-
puncture expert is not accessible. The most popular type
of acupressure is the use of wrist bands that apply pres-
sure to the ventral surface of the wrist. A cross-over pilot
study of pediatric cancer patients showed that acupres-
sure is risk-free, feasible and well-accepted [32].

Mind-body therapies

Many mind-body therapies, such as cognitive distrac-
tion, meditation, imagination, creative arts therapy, and
hypnosis, are reported to be useful for treating proce-
dure-related anxiety, pain, and distress in pediatric can-
cer patients. In a small retrospective study, meditation
was found to significantly reduce the use of analgesic
therapies in children with neuroblastoma on monoclo-
nal antibody therapy [35]. In particular, non-pharmaco-
logic interventions for procedure-associated pain, such
as hypnosis, seem beneficial in cancer therapy [36]. A
study showed this practice to be particularly useful for
pediatric patients (age range 7-14 years) who seem to
be more sensitive to hypnosis when used in conjunc-
tion with pharmacological therapies [37]. Hypnotherapy
refers to many different practices, including relaxation,
imagination, and aromatherapy, which are the most used
in pediatric cancer patients. Hypnotherapy is the most
used mind—body therapy to control nausea and vomiting,
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the main symptoms associated with sympathetic stimu-
lation, in children with cancer. Through a state of deep
relaxation, hypnotherapy helps people easily overcome
automatic thoughts such as anticipated nausea and vom-
iting derived from cancer treatment [37]. A review of all
CAM studies for procedure-related distress in pediatric
oncology showed that hypnosis is also effective in painful
procedures (e.g., lumbar puncture, bone marrow) and for
reducing anticipatory anxiety [35].

Energy therapies

Reiki, therapeutic touch, and healing touch are part of
energy therapies. They have not been extensively stud-
ied in adults with cancer. Energy healing therapists, also
known as biofield therapy practitioners, channel healing
energy through the hands into the patient’s body to reha-
bilitate normal energy balance and health. In a review of
biofield therapies, it was reported that adults with cancer
showed commonly positive effects on reducing pain and
psychological distress characterized by anxiety, depres-
sion and stress, and improved quality of life [19]. Data
on pediatric cancer patients are limited. A small study
of healing touch versus a "read/play” control showed a
reduction in pain, stress, and fatigue for patients, parents,
and caregivers [36]. Energy therapies are well accepted
by children and adult cancer patients, as they show no
adverse effects. However, conclusive data in favor of their
use are lacking [19].

Selected herbs and biological therapies

Many cancer patients use many herbs and biological
therapies [38]. Traditional Chinese Medicine (TCM) is a
health management that includes herbal medicines and
various mind and body practices to prevent and treat dis-
eases. Usually, TCM practitioners integrate many herbal
medicines, and each herbal therapy is planned for each
patient. The use of Chinese herbs in the adult and pedi-
atric oncology population is controversial because sev-
eral reports indicate contamination of the herbs used in
therapy with drugs, toxins, or heavy metals. Therefore,
their use is currently under monitoring and their content
is under evaluation to acquire conclusive data about their
safety [37].

Probiotics are biological CAM frequently used in chil-
dren and adolescents [39]. Probiotics could have a posi-
tive effect on allogeneic stem cell transplantation (SCT).
Experimentally, significant survival and reduction of
acute graft-versus-host disease (aGVHD) before and after
transplantation was reported using L. rhamnosus GG in
a mouse model of aGVHD [38]. In a small study of chem-
otherapy-treated children, the use of Bifidobacterium
breve strain Yakult reduced fever episodes and improved
the presence of anaerobes in the gut microbiota [39].
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Glutamine is an essential amino acid that has been used
for the prevention of peripheral neuropathy and mucosi-
tis. Although the ideal dose and route of administration
have not yet been defined, it represents a future option in
CAM therapy for adult and pediatric cancer patients. In
children undergoing stem cell transplantation, glutamine
has helped reduce the duration of fever, and the use of
total parental nutrition (TPN) and narcotics has been
related to the standard of care protocol [40].

Use of CAM to relieve pain and anxiety

Pain is a common symptom frequently related to can-
cer diagnosis procedures and treatment, and it can
also result from disease progression, due to obstruc-
tion of nerves, tissues, or organs by tumors at any stage
of the cancer process [41]. Many studies emphasize
the importance of complementary modalities in help-
ing children undergoing cancer treatment in general
and especially in painful procedures, including lumbar
puncture, bone marrow aspiration, access to implanted
ports, and venipuncture [42, 43].

In several studies investigating various painful proce-
dures, mind-body techniques and hypnosis have shown
positive results in reducing pain and anxiety. These two
noninvasive techniques are reported to help mitigate or
control the effects of painful procedures in children dur-
ing cancer treatment [43, 44].

The importance of communication in the use of CAM

The most important motivations for the use of CAM
have been the goal to improve the patient’s overall con-
dition, strengthen the immune system, and reduce the
adverse effects of conventional therapy. Parents often do
not choose CAM because they lack information about it,
are convinced that it is ineffective, and want their chil-
dren to be stress-free [14].

A recent study emphasizes a lack of communication
between pediatric oncologists and their patients [9].
According to this report, 7% of pediatric oncologists
never ask their patients an open question about CAM
use, while 43% sometimes ask their patients a general
question about their use. Pediatric oncologists’ questions
to their patients about specific CAM therapies depend
greatly on the type of therapy. For example, more than
one-third of pediatric oncologists routinely ask their
patients about the use of dietary supplements, phyto-
therapy, special diets and vitamins. However, the use of
aromatherapy, enzymes, acupuncture, homeopathy, mag-
nets, prayer, chiropractic, guided imagery, martial arts,
meditation and yoga is never asked to pediatric patients
by their oncology team. The use of vitamins, special diets,
nutritional supplements, herbal medicine, and antioxi-
dants is often requested by cancer patients from their
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physicians. However, they are often discouraged. The rea-
sons why pediatric oncologists do not ask their patients
about CAM therapies are lack of time in 49% of cases and
lack of knowledge in 47% of cases [9].

In conclusion, the main reasons for cancer patients to
use CAM are improvements in physical and psychosocial
well-being and increasing hope[45], but also despair, dis-
appointment with some features of standard healthcare,
lack of physician—patient relationship, availability, and
perceived efficiency [46].

Complementary therapies in neurological diseases

Use of CAM in neurological diseases has increased in
recent years, mainly because they are usually chronic
conditions and often associated with various comorbidi-
ties. A survey reported that children affected by neuro-
logical diseases used CAM more frequently than healthy
children (24% vs. 12.6%, respectively) [47].

In Canada, 44% to 76% of children with common
neurological conditions reported the use of integrative
medicines [48, 49].

CAM therapies mainly used in neurological diseases
range from nutritional supplements such as herbs and
vitamins to massage and osteopathic manipulation, acu-
puncture, mind-body therapies and relaxation tech-
niques (Table 3) [47].

Here in, we analyzed the most common neurological
diseases where CAM is used (Fig. 1).

Cerebral palsy

Cerebral palsy (CP) is a group of disorders characterized
by a spectrum of motor and posture impairment caused
by non-progressive damage that may happen during pre-
natal, perinatal, or postnatal stages of the development of
the nervous system [50].

The prevalence of CP is estimated to range between 2
and 3 per 1000 live births, representing the leading cause
of pediatric disability [51].

Children affected by CP present various neuromotor
limitations in their physical activities, leading to a psy-
chological, social and functional impairment [50].

Although neurological injury may happen during
each stage of neurological development, perinatal injury
accounts for about 90% of all cases and it must be kept
in mind in order to prevent and early recognize CP.
The principal manifestations of CP are posture, reflexes
and muscular impairment, usually associated with sen-
sory problems, coordination imbalance and learning,
speech, and cognitive disabilities [52]. Moreover, CP is
frequently associated with other neurodevelopmental
disorders, particularly attention-deficit hyperactivity dis-
order (ADHD) represents the most frequently associated
comorbidity [53].
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Table 3 CAM therapies mainly used in neurological diseases
Cerebral palsy Epilepsy Headache ASD Tourette ADHD
syndrome
Acupuncture + + + + +
Massages and manipulation + + + +
Nutritional supplements + + + + +
Music therapy + +
Hippotherapy + +
Behavioral treatments + + + +
Homeopathy + +
Other specific therapies Hyperbaric therapy Yoga Aromatherapy
Cerebral palsy
Epilepsy E Attention deficit
i hyperactivity disorders
! .~ (ADHD)
Headache ... CAM THERAPIES IN
NEUROLOGICAL
DISEASES

Autism spectrum
disorders

Tourette Syndrome

Fig. 1 Summary of neurological diseases where CAM therapies are more commonly used

Signs and symptoms of CP may be various and range
from mild to severe clinical presentations and they may
be evaluated according to Gross Motor Function Clas-
sification System (GMFCS) [54].

Until now, there is no curative therapy for CP, and
the available treatments depend on the specificity of
the symptoms. Usually, a multidisciplinary approach is
fundamental to reduce the symptoms and improve the
quality of life [55].

Many types of therapies are used. The most used
conventional treatments include occupational thera-
pies to improve movement and balance impairment,
selective dorsal rhizotomy, systemic muscle relax-
ants, intramuscular on botulinum toxin A to reduce
spasticity, and pharmacological therapies to improve
neuropsychiatric comorbidities [56]. Among conven-
tional treatments are also included “Vojta therapy” and
“Bobath therapy’, which mainly aim to reduce postural
and motor imbalance through the reflex mechanism of
neurostimulation [57].

On the other hand, as in other chronic neurological
conditions, CAM started to be used, especially in the last
years. The use of CAM in children affected by CP varies
from 27 to 56%, with differences depending on the avail-
ability and knowledge of CAM in the different areas [58].

The principal factors associated with CAM use seem to
be the type of CP (particularly spastic quadriplegia), the
presence of severe motor disabilities and parental use of
CAM [59].

Massages are one of the most used CAM practice, par-
ticularly in children with severe motor limitations with a
prevalence of 15-50% depending on the studies [57, 58].
Hyperbaric oxygen therapy (HBOT) is also a popular
therapeutical option; its rationale consists of the reactiva-
tion with pressured oxygen of the damaged neuronal cells
and the reconstruction of the synapses [60].

A recent systematic review demonstrates high-level
evidence that HBOT is ineffective in improving motor
and functional performance in children with CP and is
associated with some adverse effects such as middle ear
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barotrauma [61]. Therefore, HBOT is not recommended
in CP. Manipulative treatment (OMT), particularly crani-
osacral treatment and myofascial releases, seems to be
useful to improve motor abilities, especially in children
with moderate to severe spastic features [62].

Acupuncture use is diffused in children with CP; its
benefits are improving the use of legs and arms, warming
the extremities, decreasing in the spasm and permitting a
better bowel function and sleep [63]. Laser acupuncture
is a new type of acupuncture that uses a laser light with
low intensity to induce biostimulation of cells and tis-
sue, with similar effects to classic acupuncture but with-
out mechanical effect [64]. Some studies have confirmed
the efficacy of laser acupuncture in improving spasticity
through biochemical changes in cells and the positive
impact on the autonomic system and the neuroprotec-
tion role, mediated by increasing the production of neu-
rotropic factors and antioxidant enzymes [65, 66]. Tang
et al. have conducted a recent systematic review and met-
analysis to evaluate the clinical efficacy of acupuncture
with evidence that it has great effect in improving mus-
culoskeletal dysfunction [67].

Music therapy has also been successfully used in CP.
Actually, music therapy seems to increase the synchro-
nization between motor and sensorial aspects, facilitat-
ing neuroplasticity, and it improves communication and
social abilities [68].

Aquatic therapy is a quite recent practice introduced
in children with CP. It exercises mechanical (includ-
ing hydrostatic and hydrodynamic) effects and thermal
effects. In fact, aquatic therapy removes gravity, permit-
ting it to perform much more activities than on the land.
Lai et al. have conducted a single-bind prospective study
analyzing the efficacy of aquatic therapy on sensorial and
motor abilities, on all activities of daily living and on the
quality of life with the evidence of great benefit on gross
motor function and on enjoyment than the in control
group [69]. Moreover, equine therapy started to gain visi-
bility due to its mental and physical efficacy in CP. Equine
therapy is a holistic practice that provides motor and
sensitive stimulation through the horse’s movement and
improves social and relational abilities [70]. Although
in many countries, equine therapy has many successes
in improving CP-associated symptoms, it frequently
remains a poorly used practice due to the high costs and
parents’ doubts regarding its effectiveness and the bene-
fit-risk ratio [71].

Recent studies have analyzed the efficacy of equine
therapy with the evidence that it has many positive
effects, not only on spasticity, motor and balance control,
but also on relational abilities and attention, resulting in
an alternative therapy that can be used especially in chil-
dren with both CP and ADHD [71, 72].
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Headache
Headache is one of the most common disorders, affecting
almost 60—75% of children by the age of 15 [73].

Since headache in childhood represents an important
physical and psychological disorder with a great impact
on the quality of life, multidisciplinary and integrative
treatments, based on pharmacological and non-pharma-
cological approaches, are the best choice to prevent chro-
nicity of symptoms and reduce medication abuse [73].

The use of CAM treatments in childhood headache
is increasing, especially in the last years, reaching 76%
in some cases [74]. It was observed that parents usually
recur to the use of CAM in headache treatment to avoid
adverse pharmacological effects and to explore all pos-
sible therapeutical options. According to Gaul et al., the
use of CAM treatments generally depends on the dura-
tion of headache, types of headaches, number of head-
ache episodes and use of CAM for other symptoms [74].

Nutraceuticals are dietary supplements in the form of
minerals and vitamins. Riboflavin, coenzyme Q10 and
magnesium are the most frequent supplements used
in migraine. Riboflavin is involved in cellular function,
reduction of oxidative stress and membrane stability [75].
Coenzyme Q10 (CoQ10) acts as an antioxidant agent
and maintains an adequate mitochondrial function [76].
Magnesium plays a role in brain cellular homeostasis
through interaction with calcium channels, N-methyl-
D-aspartate (NMDA) receptors and reducing inflamma-
tion. According to the American Academy of Neurology
and American Headache Society (AHS/AAN) guidelines,
magnesium and riboflavin are considered as Level B of
evidence (probably effective for migraine prevention),
instead, CoQ10 is considered Level C (possibly effective
for migraine prevention) [75].

Interestingly, also vitamin D and melatonin have been
used with success to reduce disability and the frequency
of headache [77]. Instead, the use of butterbur is no
more recommended due to the risk of hepatotoxicity.
Danno et al. have demonstrated that also homeopathic
medicines, especially Belladonna, Iris versicolor, Igna-
tia amara, Gelsemium and Kalium phosphoricum may
be useful to reduce severity and frequency of migraines
attacks [78].

Massage therapy may be useful during the attacks.
A wide range of massage techniques are available and
should be tailored to the type of headache and the
patient. The most frequently used massages include
deep tissue massage, which acts especially on a chronic
tension-type headache; trigger point therapy, based on
cycles of pressure and release on a specific point; and
Swedish massage, which provides a light-medium pres-
sure [79]. Also, acupuncture practice is widely diffused as
CAM in headache. It has been demonstrated its efficacy
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especially in tension headache and episodic migraine,
explaining anti-inflammatory, analgesic, and neurobio-
logical actions. Acupuncture may activate the endorphin-
enkephalin system inhibiting pain pathways in the spinal
cord and midbrain [80, 81]. Interestingly, Li et al. evalu-
ated the effects of standard acupuncture on right-fronto-
parietal networks (RFPN), which are involved in the
perception of pain with evidence of reduced activity after
4 weeks of treatment [82]. A Cochrane review demon-
strated that acupuncture may be more effective in reduc-
ing migraine frequency than prophylactic drug treatment
and not receiving acupuncture [83].

Aromatherapy, the medical use of oils derived from
plants, is often used in addition to acupuncture due
to its anxiolytic properties. It has been observed in a
trial that inhaling lavender essential oil for 15 min may
significantly reduce the severity of migraine respected
the placebo control group [84]. Moreover, the United
States Headache Consortium Guidelines recommended
with a grade A evidence cognitive behavioral therapy,
relaxation techniques and biofeedback in migraine
prevention [85]. Cognitive behavioral therapy (CBT)
represents one of the leading CAM interventions in
children with migraine. The aim of CBT is teaching
relaxation, behavioral and cognitive skills to manage
attacks and reduce comorbidities and disabilities asso-
ciated with headache. A recent Cochrane review of
psychological therapies for the management of chronic
pain evidenced that CBT reduce the number and the
severity of attacks [86]. Interestingly, Nahman-Aver-
buch et al. found that patients with migraine after only
8 sessions of CBT had modifications in connections
between prefrontal cortical activity and the amygdala,
suggesting a possible organic role in changing the brain
area, which regulates emotions and pain regulation
[87]. Similarly, relaxation techniques, including muscle
relaxation, meditation and diaphragmatic breathing,
are mostly used to increase pain control and decrease
stress and sympathetic overstimulation [88]. Biofeed-
back is a self-regulation strategy that aims to regulate
autonomic features related to pain and stress, such as
breathing, temperature and heartbeat. A metanalysis
evaluated the effectiveness of biofeedback on pediatric
migraine with the evidence of reduced frequency and
duration of migraine attacks and better pain control
during the attacks [89].

Epilepsy

Epilepsy is a chronic condition characterized by a brain
predisposition to generate epileptic seizures and it can
result from different causes, such as genetic variation
or structural brain lesions [90]. In Europe, the esti-
mated number of children and adolescents suffering
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from epilepsy is 900.000 and worldwide about 10.5
million [91]. The conventional treatment of epilepsy is
based on antiepileptic drugs (AEDs), surgery, ketogenic
diet and vagus nerve stimulator. AEDs are usually
the first-line treatment, but only about two-thirds of
patients who use AEDs have optimal control of seizures
and AEDs are often associated with adverse effects [92].
Therefore, CAM use in epilepsy has become popular,
especially in the last years; however, only a few data
are available on the worldwide prevalence of CAM use
[93]. A recently published scoping review has shown
that CAM usage among children with epilepsy is rang-
ing from 13 to 44% [94].

The main predictor factors of CAM use seem to be the
duration and severity of epilepsy, parental use of CAM
and incidence of the adverse effect of AEDs [95, 96].

Multivitamins and herbal products are among the
most frequently used CAMs and they are generally safe.
However, it was reported that some products, such as
ginseng and gingko biloba, could trigger seizures due
to a pharmacokinetic interaction with AEDs reducing
their effectiveness and leading to an exacerbation of sei-
zures [97]. Recent studies evaluated the effectiveness of
omega-3 supplementation in patients with epilepsy with
the evidence that children supplemented with omega-3
have a significant decrease in the number and severity of
seizures. The rationale of omega-3 use seems to be linked
to the decrease omega-3 levels observed in patients with
epilepsy; actually, omega-3 is involved in the endoplas-
mic reticulum and myelin function of brain cells, so, a
reduction in omega-3 levels may develop seizures [98].
Interestingly, the use of cannabis-related remedies, such
as medical marijuana or cannabidiol oil (CBD oil) has
increased, especially in refractory epilepsy. The exact
antiseizure mechanism is not still known in humans,
however, the neuroprotective and anti-inflammatory
properties of cannabidiol may influence the protective
action of cannabis-related products in epilepsy [99]. A
telephone survey conducted among 200 parents/caregiv-
ers of children with epilepsy in Pennsylvania reported
that 13% of respondents used CAM, particularly, canna-
bis-related products, with benefits on the frequency of
seizures [99].

Also, yoga has been reported in childhood epilepsy
[100]. Kanhere et al. have conducted a RCT analyzing
the effectiveness of yoga practice as additional therapy
to AEDs on epilepsy, and they found that it was associ-
ated with seizure freedom respect the control group and,
interestingly, with an improvement of EEG with normali-
zation after 6 months of therapy. The probable mecha-
nism of action is a brain desynchronization, increase of
gamma-aminobutyric acid (GABA) levels with a shift to a
parasympathetic cerebral dominance [101].
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Then, it has been reported the use of neurofeedback.
Neurofeedback, also known as EEG biofeedback, is a
form of conditioning training that aims to regulate brain-
waves based on real-time feedback to people about their
brainwaves through EEG [102]. Nigro et al. have con-
ducted research regarding the effectiveness of neuro-
feedback on pediatric epilepsy and they found that still
now there is a lack of evidence in the literature to suggest
neurofeedback [103]. However, it may be considered as
possibly efficacious (level 2) according to association for
applied psychophysiology and biofeedback (AAPB) crite-
ria [104].

Autism spectrum disorders

Autism spectrum disorders (ASD) is a disorder, which
usually begins from childhood, characterized by com-
munication and social deficits, associated to restricted
interests and anomalous behaviors [105]. The preva-
lence of ASD is estimated to be under 1%, but it is
increasing especially in high-income countries, prob-
ably due to increased surveillance [106]. Etiopathogen-
esis is poorly understood and is thought to be a complex
of genetics and environmental factors [107]. The core
deficits may range from mild to severe [107]. As well
as other neurological chronic conditions, ASD requires
long-term and multidisciplinary management [108].
Until now, no specific treatment is known for ASD; nev-
ertheless, many medical and behavioral actions may be
useful to improve the relational deficits and the associ-
ated comorbidities, such as insomnia, anxiety, hyperac-
tivity and aggression[109]. Based on current healthcare
literature, limited conventional treatments are available
such as speech and behavioral therapy for communi-
cation deficits and occupational therapy to improve
motor and sensorial skills. Also, medications such as
stimulants, antipsychotics, alpha agonists, antidepres-
sants are often used to improve behavioral defects like
aggression, anxiety and agitation without effects on the
stereotypy features and social skills. Due to the limited
therapeutical options, many parents of children with
ASD are interested in CAM. CAM use seems to be par-
ticularly associated with ASD severity, parental educa-
tional level and length of illness [110].

Nutritional aspects and integration have been exten-
sively studied in the recent years. Particularly, it was
found that children with ASD have high levels of harmful
amino acids such as tryptophane and phenylalanine and
low levels of vitamin B6, vitamin B12, choline and folate
which are associated with scarce behavioral and language
skills and poor clinical profiles [111]. According to the
last evidence, these findings support that vitamin B12
and folate supplementation may be a feasible therapeuti-
cal strategy for autistic children [112].
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Moreover, some evidence supports a correlation
between gut microbiota and ASD. The gut microbiota
plays a fundamental role in neuromodulation and inflam-
mation due to its interaction with the enteric nervous
system [113]. Autistic children have an altered gut metab-
olism, with a more absorption of mono-disaccharides in
the large intestine, leading to an increase of gastrointesti-
nal fermenting bacteria and a change in a gut microbiota
causing osmotic diarrhea. Probiotic administration may
modulate gut microbiota and reduce the overproduction
of noxious metabolites, promoting the balance between
“gut-brain axis” [114]. Do et al. demonstrated that probi-
otic mixture supplementation (B. longum and B. bifidum
L. acidophilus, L. casei, L. delbrueckii) improves both gas-
trointestinal symptoms and communication, social affect
score and physical behavior [115]. Similarly, Grossi et al.
reported a case of a 12-year-old child with an important
cognitive disability that increases social abilities after
4 weeks of probiotic supplementation (L. paracasei, L.
bulgaricus, delbrueckii subsp., S. thermophilus, S. salivar-
ius subsp. B. breve, B. longum, B. infantis, L. acidophilus,
L. plantarum) [116].

Moreover, it was reported a correlation between behav-
ior disorders of ASD and an excess of opioid recep-
tor agonists; particularly, it was supposed that gluten
and casein products may increase opioid-like metabo-
lites which reach the blood-brain barrier, leading to an
inflammatory response that can negatively influence the
neurological development and ASD-correlated symp-
toms [117, 118]. Knivsberg et al. have studied the efficacy
of gluten and casein-free diet, and they suggested avoid-
ing any exclusion diet as a standard treatment [119]. A
recent review confirms that there is still insufficient evi-
dence to support a gluten and casein-exclusion diet in
all autistic patients [120]. Similarly, omega-3 fatty acids
(FAs) supplementation is not effective on ASD-related
symptoms and is not recommended [121].

Animal-assisted therapy has also become popular for
improving the core deficits of children affected by ASD
[122]. Animal-assisted therapy, especially therapeuti-
cal horseback riding, may improve communication and
social abilities and increase the self-esteem and happiness
of children with ASD [122]. Chen et al. have recently con-
ducted a systematic review and metanalysis to evaluate
the effectiveness of horseback riding on communicative
and social abilities confirming that it can decrease mala-
daptive symptoms, such as speech impairment. However,
they did not find evidence regarding an improvement in
stereotypy and hyper sensibilization [123].

Massage therapy has often been performed in children
with ASD. Swedish massage, traditional Chinese mas-
sage (Tui na) and traditional Indian massage are the most
frequently used massages [124]. Some studies reported
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that massage therapy may increase oxytocin levels and
reduce betaendorphin, nitric-oxide and adrenocortico-
tropin with improvement in the neural circuit, which
regards social and communication abilities [125, 126]. On
the other hand, Ruan et al. have systematically reviewed
the literature-based evidence regarding the effectiveness
of massage therapy in children with ASD and reported a
lack of data to support massage therapy in children with
ASD [127].

Regarding the use of acupuncture, scarce data on its
effectiveness in ASD are available. Acupuncture is poorly
used in the United States; on the contrary, in China is a
widely used treatment, becoming one of the most impor-
tant CAM used in children with ASD [128]. The main
types of acupuncture are scalp acupuncture, electroacu-
puncture and total body acupuncture [129]. Many studies
reported that acupuncture may improve sleep disorders,
functional development and control of emotions in
children with ASD. Wang et al. conducted a systematic
review and metanalysis to evaluate the effectiveness of
acupuncture on the core symptoms of ASD. Interest-
ingly, they found that acupuncture may be considered a
safe practice and improves attention deficit and affective
skills. Nevertheless, they highlight the need for rigorous
acupuncture method and prescription, which are still
heterogeneous [129].

Attention deficit hyperactivity disorder

ADHD are common behavioral disorders, with an
estimated worldwide prevalence in children of
about 5-10% [130].

ADHD is a pervasive disorder that affects sociality
and intellectual performance, with a great impact on
the quality of life. Clinical manifestations include motor
activity, inattention, and impulsivity [130]. Treatment of
ADHD is based on a complex of medical, educational,
and environmental interventions. The most used and
effective medical treatments have been psychostimu-
lants such as primarily methylphenidate [131]. However,
although their positive effects, psychostimulants have
side effects such as reduction of appetite and sleep dis-
turbance [131]. Therefore, many parents of children with
ADHD often recur to the use of CAM treatments. As
well as other conditions, high parental education seems
to be the most important predictor factor for CAM use
[132]. Biochemical treatments, such as herbal treatments,
vitamins and nutritional supplements, are considered
the most common CAMs administered in ADHD [133].
Herbal remedies, such as kava kava, valerian, chamo-
mile and ginkgo biloba are considered to be useful for
their anxiolytic properties to reduce attention deficit and
sleep disturbance related to ADHD. They are usually safe,
nevertheless, kava kava may interact with alcohol and
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benzodiazepines increasing their depressant action on
the central nervous system [134]. Vitamin and nutritional
deficiencies, such as iron deficiency, have been supposed
to contribute to hyperactivity and cognitive impairment.
Even if they are generally considered safe substances, it
must be kept in mind the possible toxic effects of over-
doses and the possible contamination with dangerous
substances, such as heavy metals [134]. Moreover, until
now, in literature strong evidence lacks that integration
with vitamins or minerals is effective in ADHD [135].

Mechanical therapies, such as massages and body
manipulation, are also frequently used in patients with
ADHD. The rationale of massages is to reduce stress,
promote relaxation and increase affective and behavio-
ral skills. Ni XQ et al. have conducted a narrative review
demonstrating the effectiveness of massages alone or
in combination with pharmacotherapies in improving
ADHD symptoms [136]. A recent systematic review con-
firms that massage therapy is efficacious in reducing anx-
iety and asocial behaviour.

Bioenergetic interventions, such as acupuncture and
homeopathy, have also been described in children with
ADHD. Ni et al, in a 2015 metanalysis, found that acu-
puncture was a safe and effective practice, used alone or
in combination with medications [137]. Xing et al. have
more recently confirmed that acupuncture may be a valid
treatment option for ADHD, contributing to relax viscera
and promote mind serenity [138].

Homeopathy is a practice based on the “disruption of
vital energies” as the origin of illness. Homeopathic treat-
ments are made by the principle that “like cures like”; the
homeopathic remedies are extreme dilution of plant-
derived or animal biomolecules which are target to each
specific illness. Only a few data are available in literature;
however, according to the recent first systematic review
and metanalysis conducted by Gaertner et al., individual-
ized homeopathic remedies may be useful to treat ADHD
symptoms [139]. Relaxation techniques, mind-body
therapy, biofeedback, hypnosis and meditation have been
used to reduce hyperarousal to stress and reduce stress.
Particularly, neurofeedback has been reported with good
results in controlling impulsivity and aggression. Actu-
ally, children with ADHD have an aberrant prevalence of
theta waves and low levels of beta waves which conduct
to a poor motor, sensorial and impulse control [140].

Moreover, as well as other neurodevelopmental disor-
ders, also in ADHD, the effectiveness of musicotherapy
has been evaluated, particularly relating to its effects on
cognitive performance which are usually compromised
in children with ADHD [141]. Chen et al. analyzed the
effect of white noise on cognitive abilities and found
that it positively impacts working memory and lev-
els of arousal [142]. Zhu et al. conducted a randomized
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control trial (RCT) on the effect of musicotherapy asso-
ciated with cognitive behavioral intervention evaluated
by cross-attention tests and found that after 16 weeks of
musicotherapy and cognitive behavioral intervention, a
dramatic increase in behavior and attention score [143].

Tourette syndrome

Tourette syndrome (TS) is a neuropsychiatric disorder
usually developed in childhood or adolescence and char-
acterized by phonic and motor tics, lasting almost one
year. Genetic factors and the increased dopamine cir-
cuitry are the most important factors in etiopathogenesis
in TS. Since TS is a chronic condition and is frequently
associated with many comorbidities, such as ADHD, a
multidisciplinary approach is fundamental [144].

Pharmacological intervention plays an important
role in the treatment of TS and, although a wide range
of therapies are available, only 3 are Food And Drugs
(FDA)-approved: aripiprazole (from 6 to 18 years old),
pimozide (over 12 years old) and haloperidol (over
3 years old) [145].

Nevertheless, pharmacotherapy has many side effects
which may add up over time, and therefore, usually, par-
ents tend to prefer a non-pharmacological approach [146].

Behavioral interventions, including relaxation training,
biofeedback, psychoeducation and behavioral rewards,
are considered the first-line treatments. Actually, behav-
ioral interventions are useful to reduce the frequency of
tics and their severity, although they have a limited effect
in case of a severe form of TS [147].

A recent metanalysis of 22 RCTs reported that acu-
puncture in TS is more effective than medical treatment,
considering the reduction of recurrence and severity of
the tics the low rate of adverse effects [148]. Interestingly,
two metanalysis reported that two Chinese medications
(choudongning and ningdong granule) may reduce tics,
modulating the dopaminergic pathways [149, 150].

Moreover, it was reported that also other types of
supplementations, such as taurine added to tiapride
and vitamin D, may improve tics compared to placebo,

Table 4 CAM used in liver diseases
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although more studies are needed to evaluate their
effectiveness [151].

Complementary and alternative medicine (CAM) in liver
diseases

Acute and chronic liver diseases have an increasing
impact on patient’s quality of life. Conventional medi-
cal therapies are sometimes of limited efficacy, and
patients seek other approaches considered safer and
better, due to the possible side effects of the classic
drugs. Recent decades have seen an increase in the use
of CAM in treating liver disease. Studies in different
countries have revealed that 33 to 75% of patients with
liver disease use CAM, most frequently in countries
where traditional medicine is still widely used. The
use of CAM occurs without the advice or knowledge
of their physicians, in fact, up to 40% of patients have
not disclosed it to their physicians [152, 153]. On the
other hand, physicians know little about CAM and
mostly discourage its use due the hepatotoxicity [153].
In addition, the risk of toxicity and adverse effects is
higher in these patients because of underlying liver dis-
ease [154]. Patients with chronic liver disease choose
to use CAM in search of benefits in regulating immu-
nity, postponing disease progression, improving qual-
ity of life, alleviating adverse effects of conventional
therapies or poorly controlled extrahepatic symptoms,
and improving survival [153-155]. Phytotherapy has
been recommended since 2100 before Christ (BC)
[152]. Today it is used in up to 50% of patients with
liver disease [153]. Studies have shown that multivita-
mins and herbal products are mostly used by patients
with chronic hepatitis C virus (HCV) infection [156,
157]. Other CAM options would be less used, such
as homeopathy by only 4% and acupuncture by 9% of
HCV patients in the United States [153]. In addition,
liver cancer patients use acupuncture to relieve post-
operative pain [158]. CAM most commonly used in
liver diseases are reported in Table 4.

Complementary and alternative medicine in liver diseases

Antioxidants

Immune modulators

Herbs

Silymarin, Glycyrrhizin, Phyllantus ammarus

Blended herbal products:

Chinese Traditional Medicine (HM861, CH100)
Japanese (TJ-9)

Ayurvedic medicine (LIV52)

Vitamin E, polyphenols derived from green
tea, N-acetyl cysteine, pro-cysteine

Polyamines, S-adenosyl-methionine

Homeopathic drugs

Acupuncture
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Herbal products

Of all the options offered by CAM, the most widely
used in liver disease are herbal products. Numerous
herbs used by patients with liver disease are considered
beneficial, and some have been shown to have effects
in experimental studies and animal models. However,
the efficacy of these herbal products has been tested in
many RCT studies, with some design problems. Most
data come from case reports, case series, and uncon-
trolled studies, many without objective endpoints (his-
tology, viral load, survival) [152, 159].

Silymarin

Silymarin (Milk thistle) is extracted from Sylibum mar-
ianum, a flowering herb related to the daisy and rag-
weed family, native to Mediterranean countries. It is a
complex mixture of polyphenolic molecules. The most
important component is silybin (80-90% of the herb’s
components). Silymarin has been used in Europe since
the sixteenth century for liver disease and jaundice and
is one of the most extensively tested herbal products
in animal models and human studies. The composition
and efficacy of silymarin are well documented [159].

Experimental data, in vitro and animal models, have
shown that it has many effects that could be considered
helpful in liver disease. Silymarin is an important anti-
oxidant and free radical scavenger, prevents glutathione
depletion, induces glutathione S-transferase catalase,
and prevents free radical formation [160-162].

It has an anti-inflammatory effect by inhibiting
nuclear transcription factor (NFkB) and reducing
inflammatory cytokines [163]. It also has an antifibrotic
role by blocking stellate cell proliferation, regulating
TGF beta [164] and reducing collagen accumulation
[164]. Silymarin is considered hepatoprotective because
it stabilizes the cell membrane of hepatocytes, prevent-
ing toxic effects. It prevents liver injury produced by
Amanita phalloides, carbon tetrachloride (CCl4) and
paracetamol. The maximum effect was demonstrated in
the case of pretreatment, but also after exposure of the
Balb/c mouse animal model to the toxic substances to
induce experimental liver injury [153].

Regarding human studies, the first RCT study,
although having several design elements, showed
important effects in terms of improved survival in
patients with mild cirrhosis (Child A) and alcohol-
induced liver injury. No side effects were reported
[165]. Other studies on alcohol-related liver disease
have not made a clear conclusion on the usefulness of
silymarin [165, 166].

In studies that included patients with chronic viral hep-
atitis, some decrease in alanine-aminotransferase (ALT)
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level was reported, but no change in HCV viral load [166,
167]. Other studies have shown no change [168].

Regarding acute hepatitis, studies have shown a shorter
duration of hospitalization and an improvement in liver
enzyme levels [152] but there have been studies with con-
tradictory results [169]. There have been no significant
improvements in patients with primary biliary cirrhosis
[170]. A major problem with studies using silymarin is
the lack of a reliable formulation for studies and a large
variability in peak drug levels. On the other hand, sily-
marin in an intravenous form is recommended to treat
mushroom poisoning [152, 171] as it demonstrates a pro-
tective role against various drugs and toxins.

A recent systematic review including 17 studies and a
meta-analysis including 6 studies on the role of silymarin
in patients with nonalcoholic fatty liver disease (NAFLD)
showed that there was an association with reduced liver
enzyme levels, but without clinical significance, and it
was well tolerated and without adverse effects [172].

Glycyrrhizin

Glycyrrhizin (licorice root extract) is an aqueous extract
of licorice root, Glycyrrhiza glabra, native to the Medi-
terranean region and the Middle East [152, 153]. It is rec-
ommended to treat cough, bronchitis, gastritis and liver
diseases [173]. The main constituents are glycyrrhetinic
acid, flavonoids, isoflavonides, hydroxycoumarins, triter-
penoids, and polysterols [152]. Glycyrrhizin is a compo-
nent of many herbal medicines [152].

Experimental studies, in vitro and animal models, have
shown that glycyrrhizin inhibits the activity of 11-beta-
hydroxysteroid dehydrogenase, inhibits the production
of prostaglandins (PG) E2 by macrophages, and modifies
the metabolism of arachidonic acid [174]. It has antioxi-
dant activity by inducing the activity of glutathione-S-
transferase and catalase and decreasing the formation
of oxidative products of polymorphonuclear cells. It has
proven antifibrotic activity, blocking the activation and
action of NFkB [175] and inhibiting tumor necrosis fac-
tor (TNF) [176].

In clinical studies, a possible benefit in HCV infection
was considered, with an improvement in liver enzymes,
but without a demonstrated change in viral load. The
same results were obtained in studies that included
patients with hepatis B virus (HBV) infection [152].

Glycyrrhizin includes a beta-sitosteroid, which may
have glucocorticoid and mineralocorticoid activity.
Side effects due to mineralocorticoid activity have been
reported in clinical trials: increased severity of cirrho-
sis, fluid retention, and hyperkalemia. Because of these
effects, glycyrrhizin should be avoided in patients with
cirrhosis [153].



Casini et al. Italian Journal of Pediatrics (2023) 49:152

Cucurmin

Curcumin is the principal curcuminoid of turmeric
(Curcuma longa), a member of the ginger family, Zin-
giberaceae. It is a natural polyphenolic compound used
in liver diseases for its antioxidant and anti-inflam-
matory effects, and it was recommended as early as
250 B.C. in Ayurvedic medicine to counteract food
poisoning [177]. Numerous reports and clinical stud-
ies support its beneficial role in NAFLD, autoimmune
hepatitis, HCV, and hepatocarcinoma (HCC) [178,
179]. In vitro studies have demonstrated its action as
a free radical scavenger, reducing lipid peroxidation,
increasing the expression of glutathione-S-transferase,
glutathione reductase and peroxidase, superoxide dis-
mutase and catalase, reducing ossid nitric (NO) pro-
duction and inhibiting Reacting Oxygen Species (ROS)
formation [180, 181]. It also suppresses NFkB and inter-
venes in other steps of fibrogenesis [179]. In a system-
atic review and meta-analysis on the role of curcumin
supplementation in patients with NAFLD, including 9
RCTs, the favorable effect on metabolic markers and
anthropometric parameters was supported [182].

In addition to unique herbal products, blended herbal
formulations or extracts are used in different cultures.
Traditional Chinese, Japanese, Ayurvedic, and other
medicines use herbs in blended products, and practi-
tioners find it challenging to analyze each component
separately, as efficacy may be lost [183].

Traditional Chinese medicine includes several prac-
tices, such as acupuncture, herbal therapies, moxibustion
(dermal therapy against irritation), massage, and exer-
cise therapy (Qi Gong) [153]. Of the more than 100,000
known herbal therapies in traditional Chinese medicine,
about 76 mixtures are used in liver diseases [153].

Plantago asiatica seeds have a hepatoprotective role
and lower toxicity due to its active compound, aucu-
bin. In vitro and animal model studies have shown that
aucubin inhibits HBV replication, but human studies
have shown that this is only a temporary effect [184]. It
is known to modulate cytokine release through the NFkB
pathway [185] with an antifibrotic and anti-inflammatory
effect.

Herbal Medicine 861 (HM861) is composed of 10
herbs, including Salvia miltiorrhiza, Astragalus mem-
branaceus, and Spatholobus suberectus [186]. In vitro
studies have shown that HM861 inhibits proliferation
and induces apoptosis of hepatic stellate cells (HSCs)
[187] and corrects the imbalance between extracellular
matrix synthesis and degradation. Human studies have
reported antifibrotic activity in patients with HBV infec-
tion (improvement in transaminase level, spleen size,
portal pressure, and serum level of procollagen peptide
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and laminin, with a demonstrated histologic reduction in
fibrosis and inflammatory infiltrates) [153].

CH-100 is composed of 19 herbs. In animal studies, it
protects against ConA-mediated hepatitis or CCl4 liver
injury in rats [188]. Human studies showed a decrease in
transaminase levels, but there was no change in viral load
in HCV patients [189].

Traditional Japanese medicine with Kampo extracts
also originates from traditional Chinese medicine. TJ-9
(Sho-saiko-to) is a dried decoction of 7 herbs (scutellaria
root, glycyrrhizin, bupleurum, ginseng, pinella tuber,
jujube fruit, ginger rhizome) [152]. Studies in vitro and
animal models have shown that TJ-9 reduces fibrosis
through inhibition of HSC activation, decreases hepatic
collagen levels, alpha-smooth muscle actin and collagen
type 1 expression [153, 190] and also inhibits lipid perox-
idation (due to scutellaria, baicalin, and biacal alkaloids)
[152]. In human studies, along with conventional treat-
ment in HBV patients, TJ-9 improves liver function, with
decreased development of HCC, increased survival, and
increased TNF-alpha and granulocyte colony-stimulating
factor. No adverse effects have been found, but it may
produce interstitial pneumonia when used together with
interferon or even hepatotoxicity (without knowing the
component that induces it) [152].

Ayurvedic medicine, traditional Indian medicine with
a history of more than 5,000 years, considers the liver
as part of the harmony of the whole body and includes
diet and meditation in addition to herbs [153]. LIV 52
is an herbal formulation that includes Capparis spinosa
(capers), Cichorium intybus (wild chicory), Termina-
lia arjuna (ajuna), Solanum nigrum (black nightshade),
Cassia occidentalis (Kasamarda), Achillea millefolium
(yarrow), Mandur bhasma, Tamarx gallica (tatarisk). In
animal models, LIV 52 protects against liver injury pro-
duced by CCl4 or alcohol. It improves liver function in
acute hepatitis, but studies in alcoholic hepatitis have
shown worse survival in patients with severe cirrhosis
(Child C) [191].

Phyllanthus amarus, also known as bahupatra, contains
philanthines, hypophyllanthines, and polyphenols. There
are conflicting reports on its possible role in chronic
HBYV infection. In vitro studies have shown that it has a
role in HBV down-regulation [192]. One article, report-
ing a group of RCT studies, showed a beneficial effect in
HBsAg elimination [193], but other studies have failed to
demonstrate this [194].

Drugs targeting immune dysregulation as a component
of liver disease pathogenesis could effectively treat these
patients. Antioxidants (vitamin E) or glutathione prod-
rugs (N-acetylcysteine, procysteine) have been shown to
inhibit TNF, IL8, or IL6 produced by PMNSs, monocytes,
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Table 5 Herbal products with well-documented hepatotoxicity [152, 199]

Type of liver disease or injury and the causative herbal product

Veno-occlusive disease: pyrrolizidine alkaloids (Senecio longilobus, Heliotropium europaenum, Crotalaria species, Symphytum officinale, Grodolobo

herbal tea)

Zone 3 necrosis, cirrhosis: chapparal leaf (Larrea tridenta), germander (Teucrium chamaedrys), pennyroyal (squawmit oil, Mentha pulgeium)

Acute liver injury: Jin Bu Huan, tradititional Chinese herbs, Kava, Kombucha mushroom (tea)

Microvesicular steatosis: margosa oil
Microvesicular steatosis: margosa oil

and Kupfer cells and could be effective in alcohol-
induced liver disease [152]. Polyphenols derived from
green tea (Camellia sinensis) have antioxidant and anti-
cytokine roles and may be helpful in autoimmune liver
disease [153, 195]. The use of polyamines and S-adeno-
syl-methionine (known as immunonutrition) protects
against TNF hepatotoxicity, in vitro and animal models.
Their use has also been evaluated in human studies of
alcohol-induced liver disease [196, 197]. Still, a Cochrane
systematic review failed to demonstrate a benefit Zinc,
selenium, and vitamin C may regulate liver tissue repair
by acting on DNA metabolism [198] and, together with
vitamin E, may play a role in improving fibrosis in nonal-
coholic steatohepatitis [195].

Herbal toxicity

It is important for physicians and their patients to know
the risk of hepatotoxicity from various herbal products.
There are many reports on the possible toxic reactions
of CAM. Because patients keep CAM use to themselves,
diagnosis is difficult, and physicians should openly dis-
cuss all products used with their patients [153]. Although
it is challenging to evaluate reports of hepatotoxicity
because of the lack of manufacturing standards, or pos-
sible experimental studies without feedback in clinical
life, here we present some agents with well-documented
evidence of hepatotoxicity (Table 5). In addition to direct
hepatotoxicity, possible interactions between conven-
tional drugs and herbal products are to be considered
[153]. Herbs may be safe when used alone, while adverse
reactions increase when used together with conventional
drugs [197].

In summary, there is an increase in the use of CAM in
patients with liver disease, and generally without physi-
cians’ knowledge. Therefore, physicians should openly
and routinely discuss the use of CAM as part of their
patients’ medication use history. In addition, they should
be aware of the efficacy and safety of different alterna-
tive methods. By far, the most widely used CAM in liver
disease patients are herbal products, which have shown
protective actions in vitro or animal model studies, but
whose efficacy has not been demonstrated in adequately

conducted RCT studies. A reliable and standardized
preparation of these products is needed to conduct well-
designed studies demonstrating their efficacy and safety,
as hepatotoxicity can be a severe effect of using herbal
products.

Conclusion

The use of CAM is increasingly becoming part of the
treatment of some serious diseases in pediatric patients.
CAM is used to improve the success of conventional
therapies, but also to alleviate the pain, discomfort, and
suffering resulting from the diseases and their treat-
ment, which are often associated with a significant bur-
den of adverse effects. The use of CAM in children also
has a major impact on parents’ ability to cope with their
children’s serious illnesses, as it can provide relief from
symptoms that most affect their quality of life.

This review has some limitations. Firstly, its narra-
tive nature, that is mainly descriptive, has no systematic
and formal approach; therefore, it can include an ele-
ment of selection bias. The literature on the use of CAM
in oncological, neurological and liver diseases in chil-
dren is abundant and growing; however, knowledge of
their efficacy and safety is still incomplete, especially for
some products. As a second limitation, in this review we
focused only on these conditions; however, use of CAM
is increasingly becoming common in other conditions
and diseases, too. Therefore, more high-quality stud-
ies are still needed to provide advice on product types
and indications for use. Finally, a better understanding
by physicians of the opportunities offered by the use of
CAM is advisable.
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