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Objective: Brown adipose tissue (BAT), which plays an important role in energy expenditure
and obesity prevention, is under the control of the sympathetic nervous system (SNS). Given
that physical activity is a strong stimulator of the sympathetic nervous system, this study
aimed to investigate the effect of different exercises on the activity and energy uptake of
brown fat cells to clarify the role of exercise in this process.

Methods: A literature search was conducted in the Persian (Magiran, SID) and international
(PubMed, ScienceDirect, Google Scholar) databases for records published between 2013 and
2025. The search utilized the following keywords: High-Intensity Interval Training,
Endurance Training, Resistance Training, Combined Training, Mind-Body Training, Brown
Adipose Tissue, and Browning.

Results: From an initial screening of 150 studies, 32 were deemed eligible for inclusion. The
analysis revealed that although endurance and high-intensity interval training promote a more
rapid onset of adipose tissue browning, the positive and distinct roles of resistance and
combined training are also strongly supported by the evidence.

Conclusion: Various exercise modalities, including endurance and high-intensity interval
training, activate and enhance brown adipose tissue function through multiple mechanisms.
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Extended Abstract

Introduction

The two main subtypes of adipose tissue are
white adipose tissue (WAT) and brown
adipose tissue (BAT), which are distinct in
their function, cellular structure, and origin.
WAT develops from mesenchymal stem cells
and consists of large, single-celled
adipocytes, each containing a single large
lipid droplet. It is primarily located in
subcutaneous regions—such as the abdomen
and thighs—and around internal organs. Its
main role is to store energy in the form of
triglycerides. However, excessive
accumulation of WAT in obesity is linked to
metabolic  disorders, including insulin
resistance, type 2  diabetes, and
cardiovascular disease, ultimately
contributing to poorer health and a reduced
healthy lifespan. In contrast, brown adipose
tissue (BAT) is recognized for its role in
supporting healthy aging. Brown adipocytes
are smaller than white adipocytes and contain
multiple  lipid droplets  (multilocular)
dispersed throughout the cytoplasm around
the nucleus. The high mitochondrial content
in these cells, which contain cytochrome,
gives BAT its characteristic brown color.
Anatomically, while BAT is mainly found in
the interscapular region in mice, in humans it
is located in several areas, including the
interscapular, supraclavicular, perirenal, and
paraaortic regions. Several studies suggest
that exercise can regulate BAT activity. It
appears to enhance BAT thermogenesis by
upregulating the expression of UCP-1 and
key genes responsible for mitochondrial
biogenesis. For instance, one rodent study
demonstrated that six to eight weeks of
swimming training resulted in elevated UCP-
1 protein levels in BAT.

Materials and Methods: A literature search
was conducted in the Persian (Magiran, SID)
and international (PubMed, ScienceDirect,
Google Scholar) databases for records

published between 2013 and 2025. The
search utilized the following keywords:
High-Intensity Interval Training, Endurance
Training, Resistance Training, Combined
Training, Mind-Body Training, Brown
Adipose Tissue, and Browning. The selection
of articles was governed by strict criteria.
Studies were eligible for inclusion if they
were primary research (in humans of any age
or gender, or in rodents) directly examining
the impact of exercise training on brown
adipose tissue. Exclusion criteria
encompassed review articles, non-English
publications, studies failing to report clear
BAT-related data, and those deemed of low
quality. All identified studies were screened
by experts in exercise physiology. Relevant
data on exercise modality, intensity, duration,
participant  characteristics, and BAT
outcomes were extracted.

Results: Lifestyle interventions, such as
exercise, can significantly improve metabolic
health; however, the underlying mechanisms
for these benefits are not fully understood.
Exercise induces beneficial tissue adaptations
primarily ~ through the activation of
norepinephrine and beta-adrenergic
receptors, which can counteract the effects of
obesity and metabolic disorders. It is well-
established that thermogenic fat cells—
brown and beige adipocytes—are innervated
by the sympathetic nervous system (SNS)
and activated by stimuli like cold exposure
and specific diets. In contrast to the clear
effects of cold, studies investigating the
impact of exercise on these cells have
produced conflicting results. Some research
suggests that exercise, as an internal heat-
producing activity, is less likely to induce
additional thermogenesis in brown adipose
tissue (BAT). Conversely, other studies
propose that exercise can stimulate BAT
through SNS activation and the secretion of
irisin (a2 myokine released by skeletal
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muscle), promoting the induction of beige
adipocytes within  white fat depots.
Furthermore, while several studies have
explored the effects of exercise on
thermogenic gene expression, the response of
thermogenic adipocytes to different exercise
modalities—such as endurance training (ET),
resistance training (RT), and high-intensity
interval training (HIT)—remains
incompletely characterized. Understanding
effective exercise strategies to enhance the
"browning" process and elucidating the
mechanistic links between exercise and
adipose tissue plasticity could offer deeper
insights into the therapeutic potential of
thermogenic adipocytes. Due to the limited
number of human studies in this specific area,
this systematic review also included animal
studies (primarily rodents). This approach
enabled the analysis of cellular and molecular
mechanisms that are difficult to investigate in
human subjects.

Conclusion: Unlike white adipose tissue
(WAT), which primarily stores energy,
brown adipose tissue (BAT) generates heat
through thermogenesis. Beige adipose tissue
represents an intermediate state between
white and brown fat. BAT exerts a wide range
of positive effects on metabolic health, with
clinical studies confirming its protective role
against cardiovascular disease. A large-scale
study of 53,475 patients demonstrated that
the presence of brown fat was associated with
a significantly lower incidence of coronary
heart disease (32%), cerebrovascular disease
(23%), congestive heart failure (38%), and
hypertension (15%). Although BAT remains
active throughout life in rodents, its presence
in humans is highest in infants and children
and declines markedly in adulthood.
However, research shows that under
conditions activating the sympathetic
nervous system, such as cold exposure or
exercise, a "browning" process can occur,
during which WAT transforms into a beige,

brown-like phenotype. Given the abundant
distribution of WAT in the human body,
enhancing this browning process is a
promising therapeutic strategy for preventing
and improving cardiovascular and metabolic
diseases. Exercise is not only an effective
intervention for reducing cardiovascular
mortality but also a key inducer of healthy
adipose tissue remodeling through browning.
In this context, subcutaneous white adipose
tissue (SCWAT) not only offers specific
cardiovascular protective effects but also
demonstrates greater  susceptibility to
exercise-induced browning than visceral
white adipose tissue (VWAT). This unique
characteristic of SSWAT may help explain the
"obesity paradox" in relation to exercise.
Keywords: Brown adipose tissue, High
intensity interval training, Endurance
training, Resistance training, Combined
training, Mind-Body training.
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! Coronary artery ligation or sham operation

2 Heart failure

% Thoracic perivascular adipose tissue
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2Yoga

3 Tai chi

4 Pilates

® Qigong

b Resistin
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% 25-Hydroxyvitamin D
10 Yoga-based lifestyle intervention
1 Rheumatoid Arthritis
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! Thiazolidinediones

2 Bone Morphogenetic Protein-7

3 Glucagon-like peptide-1 receptor
4 Exendin

® Liraglutide

6 Semaglutide
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