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Abstract: Obesity is a common metabolic syndrome that causes a significant burden on
individuals and society. Conventional therapies include lifestyle interventions, bariatric
surgery, and pharmacological therapies, which are not effective and have a high risk of
adverse events. Acupuncture is an effective alternative for obesity, it modulates the hypo-
thalamus, sympathetic activity and parasympathetic activity, obesity-related hormones
(Ieptin, ghrelin, insulin, and CCK), the brain-gut axis, inflammatory status, adipose tissue
browning, muscle blood flow, hypoxia, and reactive oxygen species (ROS) to influence
metabolism, eating behavior, motivation, cognition, and the reward system. However,
hypothalamic regulation by acupuncture should be further demonstrated in human studies
using novel techniques, such as functional MRI (fMRI), positron emission tomography
(PET), electroencephalogram (EEG), and magnetoencephalography (MEG). Moreover, a
longer follow-up phase of clinical trials is required to detect the long-term effects of acu-
puncture. Also, future studies should investigate the optimal acupuncture therapeutic option
for obesity. This review aims to consolidate the recent improvements in the mechanism
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of acupuncture for obesity as well as discuss the future research prospects and potential of
acupuncture for obesity.

Keywords: Obesity; Acupuncture; Electroacupuncture; Mechanism.

Introduction

Obesity is a common metabolic syndrome due to the energy imbalance between intake and
consumption, leading to excessive body fat accumulation. The WHO defines obesity as
BMI > 30kg/m? (Whitlock et al., 2009). The prevalence of obesity (BMI > 30kg/m?) in-
creased from 3.2% to 10.8% in male adults and from 6.4% to 14.9% in female adults between
1975 and 2014 (Collaboration, 2016). It also forecasts that the overweight will be 38% of
worldwide adults if the number continues rising at the same rate until 2030 (Kelly ez al., 2008).

The mechanisms of obesity include habits and customs, genetic predisposition, and
social environment. The elevated levels of free fatty acids, inflammatory cytokines, and
lipid intermediates in non-adipose tissues, as well as chronic overactivity of the sympa-
thetic nervous system, are present in some patients with obesity, which account in part for
multiple pathophysiological processes, such as cardiovascular diseases, metabolic diseases,
musculoskeletal diseases, and gynecological diseases. Besides, the hypothalamus regulates
food intake and energy expenditure by inhibiting or exciting circulating neuropeptide
hormones (Bliiher, 2019).

Conventional therapies for obesity include lifestyle interventions (such as dietary
restriction and physical exercise), bariatric surgery, and drug treatment (Heymsfield and
Wadden, 2017). However, lifestyle intervention is limited for elderly patients, and it’s easy
to regain weight after suspension (Heymsfield and Wadden, 2017). Bariatric surgery and
drug treatment are associated with multiple side effects, such as malnutrition and gastro-
intestinal symptoms (Kalarchian et al., 2014). Therefore, conventional therapies are limited
to all patients with obesity, and we need to find alternative therapies that provide extra
treatment strategies for different patients, such as acupuncture.

Acupuncture is an important part of traditional Chinese medicine that shows high
effectiveness in various diseases with few side effects. Also, acupuncture is recognized by
both WHO and the National Institute of Health (NIH) as one of the most popular com-
plementary therapies in the world (Belivani ef al., 2013). By inserting needles into specific
acupoints and using different acupuncture manipulation methods, the Deqi sensation
(a compositional sensation of soreness, numbness, heaviness, and distention) is produced
to achieve an ideal therapeutic effect. The most common acupuncture techniques used to
treat obesity include manual acupuncture, electroacupuncture (EA), and catgut embedding.
Previous studies have demonstrated that manual acupuncture is effective for weight
loss (Fang et al., 2017), while EA and catgut embedding present better properties
in strengthening the Deqi sensation and improving the effect. EA transforms different
electrical stimulation to acupoints by adjusting the frequency, waveform, intensity, and
detention time (Kang et al., 2022a; 2022b). Catgut embedding embeds absorbable thread
into acupoints to produce long-lasting stimulation (Hong er al., 2020).
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The mechanisms of acupuncture in treating obesity are intricate and need further
exploration. So far, more and more animal studies and clinical trials have been conducted
and demonstrate the underlying mechanisms that are associated with the nervous system,
hormones, brain-gut axis, inflammatory factors, adipose tissues, etc., eventually increasing
energy expenditure and/or reducing energy intake. This paper aims to condense the
advances in mechanism of acupuncture for obesity and discuss the prospects of treating
obesity with acupuncture (Table 1).

Regulation of the Central Nervous System

Adipose tissue reflects the accumulation of energy, and the central nervous system (CNS)
plays an important role in energy homeostasis by integrating and responding to various
signals from peripheral nerves and related hormones (Kang et al., 2022a; 2022b). The
hypothalamus is the center of food intake and energy metabolism in the CNS, and it affects
feeding by integrating neural signals that come from the brainstem or even higher cortical
centers and peripheral humoral signals that influence energy expenditure and food intake,
ultimately achieving the goal of weight control (Wang ef al., 2021b). Moreover, there are
extensive appetite circuits between the hypothalamus and brainstem, especially the nucleus
of the tractus solitaries (NTS) (Singh et al., 2022). Acupuncture can effectively regulate the
hypothalamus feeding center and related neuropeptides, as well as nuclei of the brainstem,
which inhibit the sense of hunger while stimulating the sense of satiety (Ji ef al., 2013),
eventually reducing weight (Fig. 1).

Hypothalamic Nuclei and Related Neuropeptides

Hypothalamus is divided into several interconnected nuclei, mainly including the arcuate
nucleus (ARC), ventromedial hypothalamic nucleus (VMH), dorsomedial hypothalamic
nucleus (DMH), paraventricular nucleus (PVN), and lateral hypothalamic area (LHA).
These nuclei form complex networks to collectively modulate appetite by the connection of
neuropeptide Y (NPY)/agouti gene-related protein (AgRP) neurons and pro-opiomelano-
cortin (POMC)/cocaine- and amphetamine-regulated transcript (CART) neurons, which are
projected from the ARC and have opposite functions in the regulation of appetite. Fu et al.
suggested that EA treatment could reverse the abnormal expressions of obesity-related
genes in the hypothalamus to achieve weight loss (Fu er al., 2017). Besides, Yao et al.
found that EA may reduce weight by modulating the expression of autophagy-related
components in the hypothalamus, which is lower in obese mice and higher when it’s
undernourished (Yao et al., 2022). These findings demonstrate the regulation of acupunc-
ture in hypothalamus, and it’s worth further exploring potential mechanisms for weight loss.

Arcuate Nucleus

The ARC is in the mediobasal hypothalamus, adjoins the third ventricle, and lies close to
the median eminence. The ARC mainly consists of two distinct neuronal populations
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Figure 1. This figure illustrates the main regulation of energy homeostasis by the CNS, and the interplay between
the CNS and the peripheral system. ANS: autonomic nervous system; ARC: arcuate nucleus; CCK: cholecys-
tokinin; DMH: dorsomedial hypothalamic nucleus; DVC: dorsal vagal complex; HPA: hypothalamic-pituitary-
adrenal; IL-6: interleukin-6; IL-7: interleukin-7; IR: insulin resistance; LHA: lateral hypothalamic area;
M1: macrophage-1; M2: macrophage-2; NTS: nucleus of the tractus solitaries; PVN: paraventricular nucleus;
SCFAs: short-chain fatty acids; TNF-o: tumor necrosis factor-o; T2MD: type-2 diabetes; VMH: ventromedial
hypothalamic nucleus.

releasing opposite neuropeptides to regulate appetite. One releases NPY and AgRP to
promote appetite and stimulate food intake, and another expresses POMC and CART to
inhibit appetite and reduce food intake (Vohra er al., 2022). Several studies have sug-
gested that acupuncture can reduce weight by regulating both NPY/AgRP and POMC/
CART.

Regulation of NPY/AgRP Neurons

The NPY neurons are mainly distributed in ARC and DMH, and the axons of the nerve
fibers are primarily projected in the PVN and LHA. NPY is a pivotal neuropeptide to
promote food intake and belongs to the pancreatic polypeptide family and abundantly
exists in the neurons of both the central and peripheral nervous systems. A study has
reported that the level of NPY decreases during high-fat feeding (Hassan er al., 2019).
Different from NPY, AgRP is uniquely expressed in the ARC and co-expressed with most
NPY neurons. AgRP antagonizes the secmelanocortin-3 and melanocortin-4 receptors
(MC3R and MC4R) to induce intense hunger and subsequent food intake. Thus, the NPY/
AgRP neurons work together to enhance appetite and food intake (Wang et al., 2021b). EA
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can reduce weight by inhibiting the expressions of AgRP and NPY and improve insulin
resistance (IR) (Liu et al., 2016).

Furthermore, a study has demonstrated that EA can regulate appetite-related neuro-
peptides via hypothalamic TSC1 promoter demethylation and inhibition of the activity of
mTORCI1 signaling pathway. The methylation of TSC1 gene promoter and expression of
mTORCI1, NPY, and AgRP genes increased while POMC decreased in the hypothalamus
of obese mice. However, after EA treatment, the mice had significantly decreased meth-
ylation of the 7SCI gene promoter, mRNA, and protein of the mTORC1 and the
expression of NPY and AgRP genes, and significantly increased the POMC level (Leng
et al., 2018). Ren et al. also reported that EA can upregulate the protein and gene
expressions of POMC and downregulate the protein and gene expressions of AgRP in the
hypothalamus, thus significantly reducing the desire for food intake in obese rats (Ren
et al., 2020). In addition, Y1 receptor (Y1R) is the key NPY receptor that is related to
appetite, and the peripheral selective antagonist of Y1R can suppress food-related obesity
(Yan et al., 2021). However, the acupuncture study about Y1R is limited, which could be
a potential research area in the future study.

Regulation of POMC/CART Neurons

The POMC neurons are mainly located in the ARC and brainstem and are projected onto
other nuclei to constitute the neural circuits. POMC is a neuropeptide that inhibits feeding
and is also an important part of the central melanoprotein pathway by cleaving to produce
a-melanocyte stimulating hormone (a-MSH) to inhibit food intake (Ju er al, 2022).
Selective destruction of POMC in the ARC can increase food intake, reduce energy
expenditure, and lead to obesity-related metabolic and endocrine disorders. Like AgRP,
CART neurons are co-expressed with POMC in the ARC and are abundant in the ARC and
PVN. CART is considered a major anorexigenic peptide related to reward, reinforcement,
endocrine regulation, and stress. CART-knockout mice showed an increase in body weight,
while the intracerebroventricular administration of CART inhibited food intake and weight
gain (Liu er al., 2022). Briefly, the POMC and CART neurons work together to control
appetite. EA can upregulate the protein and gene expressions of POMC, and a study has
reported that EA significantly inhibited food intake and weight gain via stimulating a-MSH
expression and release (Fei er al., 2011).

Moreover, another study has proven that EA increased Sirtuin 1 (SIRT1) and POMC
expression, which reduced body weight, food intake, and metabolism in obese rats.
SIRT1 is a deacetylase that contributes to obesity when overexpressed in POMC neurons
(Liu et al., 2021). Similarly, Shu et al. (2020) revealed that EA enhanced the expression of
hypothalamic SIRT1 and inhibited the acetylation level of FoxO1 (forkhead box protein
01, a kind of downstream substrate of SIRT1 (Sasaki ez al., 2014)) in the ARC, leading to
a decreased expression of NPY and an increased expression of POMC. Besides, the level of
CART peptide decreased in the hypothalamus in diet-induced obesity (DIO) rats, while it
increased after treatment with EA, resulting in less food intake (Tian er al., 2005).
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Ventromedial Hypothalamic Nucleus

The VMH, known as the “satiety center”, mainly receives projections from NPY/AgRP
and POMC neurons from the ARC and then projects its axons to other hypothalamus
nuclei and the brainstem. The VMH plays a vital role in energy metabolism and food
intake and is antagonistic to the LHA. Studies have suggested that lesions of the VMH
can lead to hyperphagia and obesity, while the electrical stimulation of VMH results in
decreased food intake (Iovino er al., 2022). Liu et al. found that the frequency of
spontaneous discharges of neurons in the VMH was lowered significantly in the obese
rats, but this was higher than the control group after EA treatment at ST36 and ST44 (Liu
et al., 2000). This research further demonstrated that after EA treatment, the level of
dopamine (DA) elevated, while that of 5-hydroxytryptamine (5-HT) decreased. In obese
patients, a low level of DA is found in the brain, which is associated with impaired
peripheral insulin sensitivity and B-cell function (Kullmann ef al., 2020). Interestingly,
5-HT is known as an anorexigenic factor, and medications increasing 5-HT bioavail-
ability are effective in D’ Agostino et al. (2018). The potential mechanism could involve
the reduced DA concentration and increased 5-HT concentration inhibiting the function
of VMH, meaning other orexigenic nuclei are relatively active and EA helps enhance the
excitability of VMH.

Dorsomedial Hypothalamic Nucleus

The DMH, located on the dorsal side of the VMH, receives projections from the NPY/
AgRP neurons and links to other hypothalamus nuclei. The DMH is also named the
“energy expenditure center” (Rgnnekleiv et al., 2022) because the activation of DMH
improves energy expenditure, which is also how DMH regulates body temperature. Several
studies have found that DMH neurons are related to appetite and emotion by inhibiting
food intake, and lesions of the DMH can disrupt the diurnal feeding pattern and result in
obesity (Maejima et al., 2021). However, there is limited evidence about how acupuncture
modulates the DMH, and existing studies are not only antique, but all involved in the
process of acupuncture analgesia (Huang er al., 1995). Additional mechanisms in future
studies remain to be further explored to explain the role of the DMH in improving obesity
by acupuncture treatment.

Paraventricular Nucleus

The PVN is located on the top of the hypothalamus and the side of the third ventricle,
constituting pivotal second-order neurons downstream of the ARC. It mainly integrates the
projections of the AgRP/NPY from the ARC and is also sensitive to many appetite-related
neuropeptides. A study has suggested that triggering the glucose-excited neurons in the
PVN increases food intake in rats (Wang er al., 2018). Liu et al. reported that acupuncture
can reduce the frequency of spontaneous discharges of nerve cells in the PVN to reduce
food intake (Liu ef al., 2003). Besides, the PVN serves as a central nucleus for modulating
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gastrointestinal activities by the PVN-dorsal vagal complex (DVC)-vagus-gastric neural
pathway. Wang et al. proved that the EA signals at RN12 and BL21 can gather in the PVN
via destroying the PVN and detecting its c-fos (identified as a sign of active neurons),
which suggests that EA might regulate gastric motility through the PVN-DVC-vagus-
gastric neural pathway (Wang et al, 2015). In addition, the expression of brain-derived
neurotrophic factor (BDNF) in the PVN suppresses food intake and regulates heat pro-
duction to help keep energy balance (An er al., 2020), but more studies are required to
elucidate the relationship between acupuncture and BDNF.

Lateral Hypothalamic Area

The LHA, known as the “feeding center” or “hunger center”, is the main neuromodulator in
triggering ingestion. The LHA contains various orexigenic neurons, such as orexins,
melanin-concentrating hormone (MCH), and GABAergic and glutaminergic neurons. The
lesion of the LHA reduces appetite and weight, while activation of the LHA causes
hyperphagia and obesity (Marino et al., 2020). Acupuncture can reduce the excitability
of the LHA, inhibit hyperphagia, and regulate the activity of 5-HT, the catecholamine
neurotransmitter, and ATPase activity in the LHA, eventually leading to weight loss. This
animal study has also demonstrated that acupuncture reduced the level of noradrenaline
(NA) in the LHA and increased the activity of 5-HT and ATPase, resulting in weight loss
(Zhicheng et al., 2000). Besides, another study has reported that EA treatment significantly
inhibits gastric hyperactivity by triggering the LHA in rabbits (Ma et al., 1994).

Brainstem

The brainstem also plays a key role in integrating signals from the peripheral to CNSs and
regulating energy metabolism (Su er al., 2022). The NTS is an important part of hypo-
thalamus and the brainstem in appetite regulation. The NTS receives peripheral circulation
and vagal afferents from the gastrointestinal tract signals, and meanwhile contains many
POMC neurons related to energy homeostasis. The raphe nuclei participate in food
intake as well. The raphe nuclei are the central serotonergic neurons that mainly originate
from the raphe nucleus and innervate the hypothalamus including the LHA and VMH.
Ji et al. revealed that EA treatment at ST36 upregulated POMC production in the NTS
and hypoglossal nucleus (HN) regions to prevent food intake and enhance weight loss
(Ji et al., 2013).

Interestingly, a study has suggested that different EA frequencies and different acupoint
combinations lead to different effects on the NTS. 2Hz EA treatment at ST36 showed
the strongest excitatory effect, while 100Hz EA treatment at ST25 showed the strongest
inhibitory effect on the NTS neurons in normal rats (Fang er al., 2017). Besides, in obese
rats, 5-HT content and the 5-HT/SHIAA ratio decreased, while the 5-HT precursor Trp and
metabolite 5-HIAA levels increased in the raphe nuclei. Possibly, the dysfunction of raphe
nuclei affects the LHA and VMH through 5-HT neurons and then participates in food
intake (Su er al., 2022). Wei et al. found that the 5-HT content, 5-HT/5HIAA ratio, and
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metabolic rate of 5-HT in the raphe nuclei significantly increased after acupuncture, leading
to weight loss in obese rats (Wei et al., 2003). The parabrachial nucleus, ventral tegmental
area, and locus ceruleus in the brainstem are also closely related to energy balance and
obesity (Su et al,, 2022), which needs further exploration due to the limited evidence
related to acupuncture at present.

Modulation of Autonomic Nervous System

The autonomic nervous system (ANS) is divided into sympathetic activity and parasym-
pathetic activity, which play significant roles in energy balance. Obesity is associated with
perturbations of the ANS, leading to the imbalance of sympathetic activity and parasym-
pathetic activity (Russo ef al., 2021). However, acupuncture bi regulates the dysfunction of
the ANS and improves neurological function. A clinical study has explored the underlying
mechanism of a single bout of low-frequency EA immediately increasing whole-body
glucose uptake in overweight and obese women, and demonstrated that this effect was
associated with the activation of the sympathetic and partly the parasympathetic nervous
systems, but was not related to the opioid receptor system (Benrick et al., 2017). Stimu-
lation of the vagal nerve increases energy expenditure and reduces Body Mass Index
(BMID). An animal study found that EA reduced weight as well as the inflammatory status
of DIO rats through enhancing vagal activity. The vagal activity stimulated the release of
acetylcholine, leading to the promotion of 7-sub-type nicotinic acetylcholine cholinergic
receptors which inhibits the release of some pro-inflammatory cytokines (Jie ef al., 2018).
Controversial results arose in another animal study that found that in DIO rats, EA
promoted sympathetic activity and decreased vagal activity, while the food intake and
weight of DIO rats were both reportedly reduced. The underlying mechanisms include
gastrointestinal motility and hormones related to autonomic pathways (Liu ef al., 2015).
The two opposite findings require further investigation into how EA exerts different effects
on the ANS in DIO rats. In addition, auricular acupuncture (AA) is a systematic approach
to treat obesity since it is inexpensive and easily accessible. The mechanism of AA
is associated with the ANS, and it has been proven in a clinical study that four-week
stimulation of AA significantly reduced body weight by sympathomimetic effects that
temporarily enhanced basal metabolic rate and inhibited appetite (Shen ez al., 2009).

Relation of Hormone
Leptin

Leptin is a molecule which is primarily secreted by adipose tissue and plays a crucial role
in regulating metabolism and energy homeostasis. Leptin acts mainly in the brain to
regulate neuroendocrine function (mainly reproductive) and only secondarily in the
periphery but circulates at levels proportional to the percentage of fat mass in the body
(Perakakis et al., 2021). Like diabetes, there are two forms of leptin disturbance in obese
patients. Type 1 obesity is considered as leptin deficiency with low levels of plasma leptin
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and leptin sensitivity, and reacts positively to leptin treatment. However, type 2 obesity is
defined as obesity associated with elevated plasma leptin levels and leptin resistance, which
is blunt to leptin treatment. Type 2 obesity presents more often in human beings, the level
of plasma leptin is significantly increased and is highly associated with adipose tissue mass
(Friedman, 2019).

Both animal and clinical studies have demonstrated the effect of acupuncture in mod-
ulating plasma leptin levels, especially for type 2 obesity, and acupuncture significantly
ameliorates the elevated plasma leptin levels and reduces leptin resistance, eventually
leading to weight loss. An animal study applied 21 sessions of acupuncture treatment on
obese Sprague-Dawley (SD) rats and evaluated weight and serum leptin levels. It was
found that acupuncture can boost metabolism and reduce weight by inhibiting the pro-
duction of leptin (Li et al., 2021b). The same results were found in another animal study,
whereas the study also assessed the level of leptin receptors. After an eight-week EA
treatment, the levels of leptin protein in small intestine and hypothalamus were signifi-
cantly downregulated and the leptin receptor protein levels were significantly upregulated,
which indicates the effect of acupuncture in improving leptin resistance (Tian ef al., 2021).
Besides, 144 individuals with common obesity were randomly assigned into a catgut
embedding group and sham group. After 12 weeks of treatment, individuals in the catgut
embedding group presented a decreased level of serum leptin without severe adverse events
(Wan et al., 2022).

Ghrelin

Ghrelin is a gastric hormone that has the opposite physiological functions to leptin.
Ghrelin is also called “the hunger hormone” due to its response to fasting situations, the
ghrelin receptor is triggered in the brain to initiate appetite (Ouerghi ef al., 2021). Also,
ghrelin differentially affects food intake behavior via vagal afferent neurons compared with
brain signaling pathways. The activation of brain signaling pathways leads to increased
meal size but has no effect on meal frequency, whereas through the vagal afferent neuron
pathway, meal frequency increases but the cumulative intake is unaltered (Davis et al.,
2020). Although an increase in ghrelin causes excessive appetite and weight gain, obese
patients have decreased plasma ghrelin levels, which increase in response to weight loss
as a compensatory mechanism (Liu ez al., 2015). Acupuncture can partly restore ghrelin
impairment. Funda et al. (Giicel et al., 2012) performed 10-session manual acupuncture
on obese women and suggested an increase in plasma ghrelin levels and a decrease in BMI
in subjects who received acupuncture treatment. Besides, AA can significantly enhance
ghrelin levels in obese women (Hsu et al., 2009). However, studies related to ghrelin,
acupuncture, and obesity are limited, requiring further investigation.

Insulin

Insulin, an anabolic hormone secreted by the B cells of the pancreas, favors energy
storage in the condition of energy surplus (Mittendorfer et al., 2022). Upon lipid
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metabolism, insulin works as a far-sparing hormone that increases lipogenesis and
decreases lipolysis and lipid oxidation. Moreover, insulin improves glucose uptake and
glycogen synthesis, while inhibiting gluconeogenesis through the PI3K/Akt pathway
(Huang et al., 2020). The modest rise of fasting insulin levels will substantially affect
energy metabolism; thus, insulin dysregulation promotes fat storage, eventually leading
to obesity. Indeed, several data support that decreasing insulin levels reverse DIO (Page
et al., 2018). Of note, growing evidence suggests that acupuncture can reduce insulin
levels to lose weight.

A clinical study has demonstrated that EA reduced body weight and fasting insulin
(FINS) levels and improved the insulin resistance index (HOMA-IR) in simple obese
patients. The combination of EA and intradermal needling further promoted fasting insulin
and IR, which is associated with inhibition of lymphangiogenesis and an increase of
lymphatic endothelial permeability (Xia et al., 2022a). Similarly, Dong et al. reported that
EA combined with lifestyle control effectively alleviated hepatic fat status and IR (Dong
et al., 2020). The improvement of IR after acupuncture treatment may be related to the
Toll-like receptor 4/nuclear factor kappa B (TLR4/NF-xB) inflammatory pathway in liver,
which has been confirmed in several animal studies (Lu ef al., 2022). Compared with the
model group, the serum level of FINS and HOMA-IR, tumor necrosis factor-o (TNF-a),
and interleukin-6 (IL-6) were decreased, and the protein expressions of TLR4, IkB kinase 8
(IKKP), phosphorylated IKKP (p-IKK), NF-xB p65, and TNF-a in liver tissues were also
downregulated in the EA group (Lu ef al., 2022).

Cholecystokinin

Cholecystokinin (CCK) originates from the I cell found through the gastrointestinal
tract and concentrates in the duodenum and jejunum (Steinert ez al., 2017). CCK has been
known to be a key satiety signal and exerts inhibitory effects on food intake, which
is associated with increasing intestinal motility and a decreasing gastric emptying rate
(Tacad et al., 2022). A previous study has found that the infusion of exogenous CCK
in humans significantly reduced food intake and increased satiety immediately after the
infusion (Lieverse et al., 1994). A similar situation was found after being treated with EA.
Song et al. demonstrated that the mechanism of EA in reducing appetite, body weight,
and facilitating insulin sensitivity links to the enhancement of CCK (Song er al., 2020).
Another study further illuminated that the increase of CCK induced by EA was irrelevant
to different acupuncture point selections, and both abdominal acupuncture points (ST25,
CV4 and CV12) and lower limb acupoints (ST36 and ST40) could significantly stimulate
the expression of serum CCK (Wang et al., 2020). Nevertheless, whether EA has a long-
term effect on enhancing CCK levels needs further investigation, since several studies
have reported that CCK infusion failed to have long-lasting effects on food intake and
satiety (Murphy et al., 2006). Thus, the long-term effect of EA may compensate for such
deficiency.
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Brain-Gut Axis

The brain-gut-microbiome (BGM) axis has emerged as a pivotal regulator of energy
metabolism, and the bidirectional signal from the axis has been associated with the
development of obesity. The signal from the brain contributes to many gastrointestinal
processes, such as motility and transit, and intestinal permeability through ANS and the
hypothalamic-pituitary-adrenal (HPA) axis (Aron-Wisnewsky et al., 2021). Conversely,
the gut microbiota reflects through hundreds of metabolites, and short-chain fatty acids
(SCFAs) are the main metabolite of microbial fermentation of dietary fiber, mediating
the brain through immune, endocrine, and vagal pathways (Canfora et al., 2019). The
perturbations of the BGM system may lead to hedonic-driven eating behavior (cravings
and overeating), and less energy expenditure, disturbing energy metabolism and even-
tually causing weight gain (Li er al., 2022). Brain levels, including the CNS, ANS,
and related hormones, have been discussed above. It is believed that acupuncture
also regulates the gut level to reduce weight. Previous studies used 16S rRNA gene
sequencing combined with high-performance liquid chromatography-mass spectrometry
(HPLC-MS) metabolic profiling to figure out the effect of EA in changing gut micro-
biota for obese individuals. A total of 10 mainly disturbed bacterial genera and
11 metabolites were recognized, which recovered to normal levels after being treated
with EA (Si et al., 2022). Besides, the Firmicutes/Bacteroidetes ratio is associated with
the increased risk of obesity. Acupuncture can significantly decrease Firmicutes abun-
dance and enhance Bacteroidetes abundance, lowering the Firmicutes/Bacteroidetes
ratio. At the genus level, acupuncture elevated the proportion of Prevotella 9 in
abdominal obese rats (Wang et al., 2019). Except for rescuing dysbiotic gut microbiota,
acupuncture, particularly EA, is able to regulate the damaged enteric neurvous system
(Dou et al., 2020), promote the intestinal mucosal barrier (Zhang et al., 2018),
strengthen sIgA contents, adjust the subtypes of intestinal T lymphocytes (Zhu et al.,
2015), and upregulate multiple mucosal innate immunity-related alpha-defensin genes
(Xia et al., 2022b), thus leading to an anti-obesity effect.

Impact of Inflammatory Factors

There are two forms of adipocyte change during excessive energy storage which undergo
hypertrophy and hyperplasia. The hyperplastic potential of visceral adipocytes is limited;
thus, with the enlargement of visceral adipocytes, these cells become inadequately vas-
cularized and hypoxic, resulting in cell stress, apoptosis, immune cell infiltration, increased
secretion of inflammatory cytokines (such as IL-6 and TNF-a), and decreased secretion of
anti-inflammatory cytokines, such as adiponectin (Eley er al., 2021). Additionally, the
innate immune system and adaptive immune system play critical roles in adipose tissue
inflammation and low-degree systemic inflammation in obese humans and mice, which
is associated with infiltrating and tissue-resident macrophages (Ying er al., 2020) and
increased CD4+ and CD8+ T cells in visceral adipose tissue, respectively (Yang et al.,
2010). As discussed previously, obesity is highly regulated by gut microbiota, which



Am. J. Chin. Med. 2024.52:1-33. Downloaded from www.worldscientific.com

by UNIVERSIDADE FEDERAL DE MINAS GERAIS on 04/01/24. Re-use and distribution is strictly not permitted, except for Open Access articles.

22 M.-N. WANG et al.

also contributes to enhancing interferon-g (T helper (Th)-1 immunity) and IL-17 (T helper
(Th)-17 responses), leading to adipogenesis and systemic inflammation (Henao-Mejia
et al., 2012). The inflammatory status of obese patients increases the risk of obesity-related
complications, especially IR and type 2 diabetes. However, anti-inflammatory interven-
tions, such as anti-TNF-a antibodies, statins, glucocorticoids, and IL-1f receptor antago-
nists fail to improve insulin sensitivity and overall metabolic function, and even worsen
the situation in obese humans (Zhu et al., 2018).

Noteworthily, acupuncture shows a better effect in promoting insulin sensitivity through
attenuating inflammation in obese patients. Luo et al. introduced that the pro-inflammatory
type of macrophage- macrophage-1 (M1) was significantly elevated in white adipose tissue
(WAT) of obese rats; after EA treatment, M1 showed a great decrease, leading to an anti-
inflammatory effect (Luo et al., 2018). EA can not only improve obesity, hyperlipidemia,
and IR but, also regulates metainflammation, which is associated with the modulation of
SIRT1 expression and histone deacetylation in WAT. Similar results were found in another
animal study that EA on “ST25”, “CV4”, “ST36”, and “SP6” stimulated the polarization of
M2 and the expression of [L-4 and IL-10, as well as inhibited the levels of leptin, chemerin,
and TNF-o, eventually alleviating the inflammatory response. Meanwhile, EA limits adi-
pocyte enlargement and facilitates small adipocytes (Wang ef al., 2021a). Apart from EA,
catgut embedding also plays a role in weight control by regulating the macrophage
polarization of the mRNA expression of M1 labeled inducible nitric oxide synthase
(iNOS). The pro-inflammatory cytokines IL-6, monocyte chemoattractant protein-1
(MCP-1), and TNF-a were decreased while that of M2 macrophage labeled arginase-1
(Arg-1) was upregulated (Li ef al., 2021a). A text mining study has confirmed that acu-
puncture can adjust the expression of IL-6 through the TLR4/NF-«xB pathway by analyzing
the GO, KEGG, and PPI networks of the genes, thereby attenuating inflammation and
improving obesity (Du er al,, 2022). In addition, warm needling therapy has also been
found to effectively decrease serum levels of IL-6 and TNF-a (Shenbo ef al., 2019).

Regulation of Adipose Tissue

There are two types of adipose tissue which have distinct functions. WAT has a major role
in energy storage to free the human body from constantly seeking food, as well as the
release of hormones and adipokines to regulate metabolism. Thus, WAT is more involved
with obesity-related IR and inflammation. Brown adipose tissue (BAT) primarily consumes
glucose and triglycerides and functions as a thermogenic organ (van Baak ez al., 2019).
With the development of obesity, BAT depots decrease whereas WAT depots expand in
order to store excess energy (Marcelin ef al., 2022). The increased depots of WAT generate
a low-grade inflammatory state, resulting in the recruit of macrophages, CD8+ T cells,
IL-17-producing CD4+ T cells, natural killer cells, and neutrophils (Grant et al., 2015),
which exacerbates the obese situation and increases the risk of obesity-related complica-
tions. In addition to white and brown, beige adipocytes display the capacity to dissipate
energy through heat production. Beige adipocytes have features of both white and brown
adipocytes and can be transformed from white-like to brown-like functions under cold and
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adrenergic stimulation (Cypess, 2022). The transition of beige and browning of WAT are
essential to weight loss, which can be achieved by acupuncture therapy.

Lu et al. demonstrated that four-week EA treatment not only restored the obese phe-
notype but promoted WAT and BAT plasticity, which is associated with the induction of
UCP1 and PRDM16 expression (Lu ef al., 2019). UCP1 is a BAT-specific gene marker and
PRDMI6 is related to the BAT gene program as well as mitochondrial biogenesis and
uncoupled cellular respiration; thus, the elevation of UCP1 and PRDM16 expression
enhances WAT lipolysis and decreases adipocyte sizes. Meanwhile, the beige gene mar-
kers, such as PGC-1a, TMEM26, and TBXI1, are greatly induced in WAT by EA, thus
increasing energy expenditure and reducing body weight. The regulation of UCPI,
PRDM16, and PGC-1a has been explored in several studies, and the relevant signaling
pathways have been verified. An animal study has found that the modulation of EA in
WAT browning is associated with SIRT1 dependent peroxisome proliferators-activated
receptor Y (PPAR-y) deacetylation and the further interaction of PPAR-y with PRDM16,
eventually uncoupling respiration. Furthermore, EA can stimulate the phosphorylation of
AMP-activated kinase (AMPK), then activate mitochondrial biogenesis through the PGC-
1o — mitochondrial transcription factor A (TFAM) — UCP1 pathway (Tang et al., 2020).
Besides, EA inhibits lipid production through the SIRT1-Wnt/B-catenin-PPAR-y pathway.
The increased protein expression of SIRT1 in WAT triggers Wnt/B-catenin, then inhibits
the downstream lipogenic gene PPAR-y expression (Wang et al., 2021c).

Others

Sarcopenia obesity (SO) is defined as high adiposity coupled with low muscle mass and
generally happens in elderly people. The synergistic function of abnormal fat accumulation
and muscle loss increases the risk of metabolic dysfunction and physical disability in
elderly people compared with either sarcopenia or obesity alone (Guan ef al, 2022).
Although SO usually occurs in adults aged 65 and older and causes unfavorable outcomes
and mortality in cancer patients (Ji er al., 2022), similar results were found in younger
patients with SO. A 24-year follow-up cohort has observed SO is clinically effective as a
predictor of all-cause mortality (Sanada er al., 2018). EA significantly decreases body
fat percentage while increasing appendicular skeletal muscle index, thus alleviating SO
(Zhou et al., 2018). A possible mechanism of increasing muscle mass is related to the
enhancement of muscle blood flow (MBF) (Shinbara ez al., 2013), which is caused by the
increased level of nitric oxide and prostaglandins after acupuncture treatment (Shinbara
et al., 2015). The elevated circulation attenuates hypoxia in muscle, thus stimulating
muscle growth and the mitigation of atrophy.

In obesity, hypoxia caused by adipose tissue vascularization can lead to adipose tissue
dysfunction, moving the tissue toward a pro-inflammatory condition. Hypoxia inducible
factor-1a (HIF-10) is a maker to detect the adipose tissue hypoxia of obese patients.
Hypoxia-induced HIF-1a also triggers macrophage infiltration and inflammation (Gunton,
2020). In obese mice, the protein level of HIF-1a was increased, while after seven itera-
tions of EA treatment, the expression of the hypoxia-related genes vascular endothelial
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growth factor A (VEGFA); glucose transporter type 1, Slc2al; and glutathione peroxidase
1, GPX1 significantly decreased. The inhibited HIF-1a signaling mainly co-localizes with
the presence of F4/804 macrophages, which indicates that EA stimulation attenuates
adipose tissue hypoxia with a concomitant decreased adipose tissue macrophage content
(Wen et al., 2015).

Increased reactive oxygen species (ROS) factor is another factor that causes damage
to proteins, lipids, and nucleic acids in obesity. Simultaneously, anti-oxidants such as
superoxide dismutases (SOD) are decreased with ROS production, which is strongly
associated with inflammation and apoptosis. Acupuncture at CV 4, ST 36, and EX-B3 can
increase the activity of liver SOD and expression of Bcl-2, whereas inhibiting the level of
liver malondialdehyde (MDA) and Bax. Thus, acupuncture plays an important role in
improving obesity and obesity-related hepatic disorders by modulating oxidative stress and
suppressing apoptosis in the liver (Zhang et al., 2020).

Discussion and Prospects

Findings in our study show that acupuncture is involved in several mechanisms of obesity,
and it modulates the hypothalamus, sympathetic activity and parasympathetic activity,
obesity-related hormones (leptin, ghrelin, insulin, and CCK), brain-gut axis, inflammatory
status, adipose tissue browning, MBF, hypoxia, and ROS to influence metabolism, eating
behavior, motivation, cognition, and the reward system (Fig. 2). Moreover, acupuncture is a
safe, affordable, and easily available therapy. Physical activity and a restricted diet are
unpleasant for many obese patients since the brain signals stimulate food intake, and
most obese patients will surrender in a short time. Acupuncture regulates the hypothalamus
and related neurotransmitters to reduce hunger and enhance satiety, which helps obese
patients defeat the temptation of food. Medications like naltrexone-bupropion, phentermine—
topiramate, GLP-1 receptor agonists, and orlistat have increased adverse events leading to
drug discontinuation (Shi et al., 2022). However, acupuncture has no harm to the gastro-
intestinal system; on the contrary, acupuncture may improve gastrointestinal function
(Wang et al., 2020) by modulating the PVN, NTS, ANS, CCK, and BGM. Bariatric surgery
is more expensive and has many limitations (such as obesity level, age, and complications)
with a higher risk of infection, malnutrition, and psychological problems compared with
acupuncture. Acupuncture can be applied to any level of obesity (mild, moderate, or severe),
and both adolescents and adults are able to have acupuncture treatment. Although
acupuncture has certain side effects such as hemorrhage, rash, and infection, the occurrence
is much less than in bariatric surgery (Kassir et al., 2016; Zhong et al., 2020).
Nevertheless, hypothalamic regulation by acupuncture has been demonstrated most in
animal studies. The locations of acupoints and the areas covered by the acupoints in
animals are different from humans, while acupoints selection and stimulation are crucial for
achieving therapeutic effects. Therefore, it’s necessary to carry out clinical trials to detect
the effect of acupuncture in regulating the CNS with novel techniques such as functional
MRI (fMRI), positron emission tomography (PET), electroencephalogram (EEG), and
magnetoencephalography (MEG) (Scherer ez al., 2021). fMRI is used to investigate blood
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Figure 2. This figure illustrates the main mechanism of acupuncture in regulating obesity. AgRP: agouti gene-
related protein; o-MSH: a-melanocyte stimulating hormone; ARC: arcuate nucleus; BAT: brown adipose tissue;
CART: cocaine- and amphetamine-regulated transcript; DA: dopamine; FINS: fasting insulin; HIF: hypoxia
inducible factor; IL-4: interleukin-4; IL-6: interleukin-4; IL-10: interleukin-10; IR: insulin resistance; IS: insulin
sensitivity; LHA: lateral hypothalamic area; MC3R: M1: ecmelanocortin-3 receptors; MC4R: melanocortin-4
receptors; macrophage-1; M2: macrophage-2; NA: noradrenaline; NPY: neuropeptide Y; POMC: pro-opiomela-
nocortin; PVN: paraventricular nucleus; ROS: reactive oxygen species; SCFAs: short-chain fatty acids; SIRT1:
sirtuinl; SOD: superoxide dismutases; TNF-o: tumor necrosis factor-a; VEGFA: vascular endothelial growth
factor A; VMH: ventromedial hypothalamic nucleus; WAT: white adipose tissue; 5-HT: 5-hydroxytryptamine;
5-HIAA: 5-hydroxyindoleacetic acid.

flow related to neural activity (Simon et al., 2020), and PET measures directly the synthesis
and receptor binding of specific neurotransmitters, like DA. Meanwhile, PET can be
combined with MRI to detect specific neurotransmitters at a higher resolution (Scherer
et al., 2021). EEG and MEG are non-invasive approaches for investigating the electric
activity of simultaneously activated neurons directly with high temporal resolution (Scherer
et al., 2021). With the assistance of brain technologies, the change in the CNS after
acupuncture in obese patients will be directly reflected. In addition to using novel tech-
niques to detect the effects of acupuncture on the CNS, it is useful to collect biological
samples and analyze multi-omics data, such as proteomics, metabolomics, lipidomics,
immunomics, phenomics, microbiomics, and brain connectomics, in order to better
understand how acupuncture affects obesity. Moreover, machine learning techniques for
data analysis can provide information about brain regions of interest to unravel the action
mechanisms of acupuncture in the BGM axis.

Additionally, we both agree that losing weight is a consistent battle for obese patients,
and many patients regain weight after a short slack. However, several studies have proven



Am. J. Chin. Med. 2024.52:1-33. Downloaded from www.worldscientific.com

by UNIVERSIDADE FEDERAL DE MINAS GERAIS on 04/01/24. Re-use and distribution is strictly not permitted, except for Open Access articles.

26 M.-N. WANG et al.

that acupuncture has long-term effects (Dai ef al., 2022; Murphy et al., 2006), the follow-
up phase in most clinical trials is not long enough, and participants in those trials took other
methods to control weight during follow-up phase. Therefore, studies with long follow-up
phases are required before we hastily claim that acupuncture has long-term effects. Besides,
there are various types of acupuncture techniques, such as manual acupuncture, EA, AA,
warm acupuncture, and catgut embedding, which are all effective for obesity.

However, which technique is the best choice for obesity often confuses acupuncturists,
and the potential mechanisms are likely distinct, which hinders the clinical application.
Our study found that most of the studies focus on EA, which affects the hypothalamic
nuclei and related neuropeptides, brainstem, ANS, hormones, gut microbiota, inflamma-
tion, and adipose tissue. Manual acupuncture has an impact on hypothalamic nuclei (LHA
and VMH) and ghrelin, AA mainly regulates ANS, catgut embedding modulates leptin and
inflammation, and warm needling is involved in inflammation. Thus, future studies should
investigate the effect and underlying mechanisms of different acupuncture techniques to
provide optimal acupuncture therapeutic options for obesity.

Acupuncture has a dose-effect property in that the number of acupoints, selection of
acupoints, treatment frequency, and treatment duration are associated with the efficacy.
There are limited studies exploring the dose-effect property of acupuncture, which leads to
inconsistency of the protocol of acupuncture study. Therefore, it is necessary to detect the
dose-effect property of acupuncture to optimize acupuncture protocols for obesity treatment
as well as better understand the mechanisms.

In conclusion, as an economical and safe alternative, acupuncture could be applied
to obese patients to reduce weight. Acupuncture exerts beneficial effects via regulating
the CNS, ANS, hormones, brain-gut axis, inflammation, adipose tissue, MBF, hypoxia,
and ROS.
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