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Eating behaviors extend beyond the physiological satisfaction of hunger; they 
play a key role in emotion regulation, reward mechanisms, and environmental 
adaptation. Stable patterns of thoughts, emotions, and food choices create eating 
styles—complex, individualized behavioral constructs shaped partly by genetic 
predisposition (e.g., genes influencing food preferences) and partly by family, 
social, and personality factors. Eating styles are an important determinant of the 
risk of eating disorders, obesity, and associated metabolic complications. The 
literature distinguishes adaptive and maladaptive (problematic) styles, which differ 
in their effects on body weight regulation and health behaviors. Obesity itself is 
not a homogeneous clinical entity but rather a spectrum of phenotypes differing 
in adipose tissue distribution (visceral vs. subcutaneous), the severity of metabolic 
disturbances, and the biological activity of adipocytes. Increasing attention has been 
paid to the functional diversity of adipose tissue, particularly beige adipose tissue 
(BeAT), which—through thermogenesis and glucose regulation—is increasingly 
recognized as a protective factor against insulin resistance and metabolic syndrome. 
Its activity is highly variable and may be influenced by behavioral factors, including 
eating patterns. This review aims to summarize current evidence on the relationship 
between eating styles, obesity phenotypes, and the role of beige adipose tissue. 
The analysis focuses on young women (<25 years), a group undergoing dynamic 
hormonal changes and at high risk of establishing persistent eating habits. By 
integrating psychological and biological determinants of obesity, this paper proposes 
a conceptual framework linking eating styles, adipose tissue distribution, and 
metabolic activity—with particular emphasis on BeAT—as a potential target for 
early prevention of metabolic disorders.
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Introduction

According to expert consensus, obesity can be  classified by 
etiology into primary, secondary, and genetic forms. Primary obesity 
is the most prevalent type; however, the precise pathomechanism 
underlying its development has not yet been clearly established. Two 
major phenotypes of obesity have been described: the android type, 
characterized by central/visceral fat distribution, and the gynoid type, 
with adipose tissue predominantly accumulating around the hips and 
thighs. Central obesity, in particular, is strongly associated with an 
increased risk of metabolic disorders (1).

The health consequences of excessive adipose tissue 
accumulation are determined not only by its location but also by its 
histological and functional characteristics. White adipose tissue 
(WAT), the principal energy reservoir in the body, is hormonally 
active and exhibits the most unfavorable metabolic profile (2). In 
recent years, increasing attention has been paid to other adipocyte 
subtypes—brown adipose tissue (BAT) and beige adipose tissue 
(BeAT)—which are capable of interconversion under 
environmental, hormonal, and dietary influences. Of particular 
interest is beige adipose tissue, which, through the expression of 
uncoupling protein 1 (UCP1), expends energy in the form of 
thermogenesis and may play a protective role against obesity and 
insulin resistance.

Thus, when addressing the pathophysiology of obesity, it is 
essential to consider not only fat distribution and anthropometric 
indices but also the metabolic activity of distinct adipocyte 
populations. This may explain phenotypic variability among 
individuals with comparable BMI. For practical purposes, obesity has 
also been subdivided into clinical and preclinical forms, the latter 
referring to cases in which abnormal anthropometric indices are not 
yet accompanied by overt organ dysfunction (1).

In addition to biological mechanisms, problematic eating 
behaviors—such as emotional, external, or uncontrolled eating—are 
closely linked to visceral obesity and metabolic disturbances, 
independent of total caloric intake. These issues appear particularly 
relevant in young women, where psychosocial factors, hormonal 
fluctuations, and sociocultural pressures may promote the persistence 
of maladaptive dietary patterns. Moreover, evidence suggests 
sex-related differences in beige adipose tissue activity, with higher 
activity observed in women, which may represent an adaptive 
mechanism supporting energy homeostasis during the 
reproductive period.

Young women represent a unique demographic group undergoing 
dynamic biological and psychosocial transitions. Hormonal 
fluctuations during adolescence and early adulthood, including 
variations in estrogen and progesterone, play a critical role in adipose 
tissue distribution and the regulation of thermogenic activity in beige 
adipose tissue. Furthermore, endocrine conditions such as polycystic 
ovary syndrome (PCOS) are highly prevalent in this population, 
contributing to both metabolic vulnerability and altered eating 
behaviors. Beyond hormonal factors, young women are also exposed 
to strong sociocultural pressures regarding body image and eating 
norms, which increase the risk of disordered eating and unhealthy 
dietary patterns. Taken together, these intersecting biological and 
social determinants make young women a particularly relevant group 
for targeted research on eating behaviors, obesity phenotypes, and 
beige adipose tissue activity.

Given the importance of early intervention in this age group 
(18–30 years), the present review focuses on young women, examining 
the interplay between eating behavior patterns, obesity phenotypes, 
and the metabolic activity of adipocytes—with particular emphasis on 
beige adipose tissue as a potential target for the prevention of early 
metabolic disturbances. The conceptual framework of these 
relationships is illustrated in Figure 1.

Eating style and obesity

The relationship between eating behaviors and the development 
of obesity is often bidirectional. On the one hand, eating habits 
influence the risk of developing metabolic disorders, but the presence 
of overweight/obesity, especially during adolescence, is associated 
with a significantly higher risk of developing abnormal eating patterns 
and deepening metabolic disorders (3).

Eating styles are generally divided into three subgroups depending 
on the risk of developing metabolic disorders as a consequence: 1. 
problematic eating styles (high risk): emotional style, external style, 
restrictive style, uncontrolled style; 2. optimal eating styles (low risk): 
intuitive eating, mindful eating; 3. normal eating styles (intermediate 
risk): focused style, visceral style, sensual style, rhythmic style (4–8). 
The fundamental difference between problematic and non-problematic 
eating styles stems from the fact that in problematic styles, internal 
control over the eating process is disturbed, and nonphysiological 
stimuli such as emotions, social context become the stimuli for food 
consumption. It is also worth mentioning that inappropriate eating 
styles can become a basis for the development of future eating 
disorders. Their incidence has almost doubled in the last decade, and 
they currently affect approximately 8.5% of the population (9). This 
phenomenon primarily affects young women, in whom cultural 
pressure, hormonal fluctuations, and higher susceptibility to stress 
may exacerbate problematic eating patterns.

Women are more often diagnosed with eating disorders. This is 
particularly significant that it is estimated that approximately 30% of 
women diagnosed with eating disorders during adolescence will 
develop obesity during their lifetime (10).

Eating styles develop with age, but already at birth, we  are 
predisposed to certain biological predispositions that can influence 
the development of specific eating patterns, such as a more or less 
rhythmic mode of satisfying needs or individual sensitivity to 
sensually stimuli (11). A significant factor shaping eating styles is the 
family environment, but also the changing external food environment, 
which has intensified in recent decades. In the modern food 
environment (highly developed countries), the availability of tasty 
foods rich in sugar and fat outweighs the rewarding properties of 
unprocessed foods (12). This promotes overeating, which is the most 
important behavioral trait associated with obesity and is a component 
of an uncontrolled and emotional eating style. Emotional eating—in 
response to states of arousal such as fear, anxiety, anger, or 
excitement—is particularly associated with the consumption of sweet 
and energy-rich foods and binge eating. In turn, the easy availability 
of tasty food—the sight and smell of food—stimulates the perpetuation 
of an extrinsic eating style, independent of physiological signals of 
hunger and satiety (13).

In young, obese adults, the most frequently diagnosed eating 
styles are restrictive and emotional. Furthermore, a more detailed 
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analysis of this group indicates that obese individuals are more likely 
to overeat driven by negative feelings; consume more processed, sweet, 
and fried foods; are less likely to eat fresh whole grains, fruits, and 
vegetables; pay less attention to the sensory and spiritual aspects of 
eating; are more likely to focus on self-esteem and feeling bad about 
overeating; are more likely to eat in a hectic, tense atmosphere; are 
more likely to eat while doing other things, and are more likely to eat 
alone (14). Furthermore, it has been shown that different eating styles 
may explain the varying incidence of obesity, despite similar genetic 
predisposition. In the Finnish study, the genetic background was 
taken into account, limiting the analysis to 39 pairs of monozygotic 
female twins and 45 pairs of male twins discordant in terms of obesity 
or overweight; in these cases, a problematic: restrictive, emotional, or 
uncontrolled eating style was statistically significantly more often 
associated with the occurrence of excess body weight and compensated 
for the lack of differences in the genetic material of the subjects (15).

Based on available analyses, it is difficult to clearly determine how 
the diet composition of young obese individuals differs from that of 
their healthy peers, but there is also ample evidence that their eating 
behaviors are altered (16). It appears that in girls and young women, 
eating habits and lifestyle during adolescence are particularly 
important in shaping their metabolic phenotype and susceptibility 
to obesity.

An analysis by Polish researchers showed that snacking is a major 
factor contributing to unhealthy fat consumption among school-age 
children, especially those with excess body weight. In this group, the 

average fat intake from snacks covered almost 47% of the 
recommended daily intake. Over 12% of students exceeded the 
recommendations for total fat, 20% exceeded the SFA (saturated fatty 
acid) intake limits, and over 30% exceeded the TFA (trans fat) intake 
threshold. Girls had a slightly higher intake of total fat and SFA than 
boys, and total fat intake was highest among overweight children (17). 
Another study confirmed the existence of a relationship: greater 
sensitivity to food = increased sensitivity to sensory stimuli 
= > presence of anthropometric markers of abdominal obesity. 
Stratified analysis confirmed that girls aged 9–14 years tend to have 
higher total sugar consumption than boys, and trends established in 
childhood may persist into older age and lead to metabolic health 
consequences (18). It was also confirmed for the Asian population that 
school-age girls consume more sugar than boys (19). Interestingly, 
another analysis showed that overweight young people also tend to 
frequently choose “light” snacks (20).

It is also noting a key role of chronotype of food intake, which 
plays a role in the development of obesity. In van der Merwe’s study, 
despite finding no differences in the quantity and quality of food 
consumed across the study groups, differences in the incidence of 
overweight and obesity were observed depending on the timing of 
meal consumption. Individuals with a late evening chronotype (ET)—
most calories consumed after 6 p.m. and at night—were more likely 
to be clinically overweight and obese than those with an early morning 
chronotype (MT). Both chronotypes in the study had similar energy 
and macronutrient intakes (21).

FIGURE 1

Conceptual framework of the relationship between eating styles, adipose tissue distribution, and beige adipose tissue (BeAT) activity in young women.

https://doi.org/10.3389/fnut.2025.1692944
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Walkiewicz et al.� 10.3389/fnut.2025.1692944

Frontiers in Nutrition 04 frontiersin.org

Finally, it seems worthwhile to highlight the role of biological 
factors, such as prenatal exposure to sex hormones and the hormonal 
balance of adult women, in shaping eating habits. Gębala’s study 
demonstrated that optimal physical activity and adequate prenatal 
exposure to female sex hormones have a beneficial effect on 
maintaining normal anthropometric parameters and proper fat tissue 
distribution in young adult. Women with indirectly confirmed 
optimal prenatal exposure to sex hormones were more likely to engage 
in physical activity and better control their body weight in adult (22). 
The impact of hormonal imbalances on eating habits and, 
consequently, the development of metabolic disorders was also 
analyzed in a study comparing young women diagnosed with 
polycystic ovary syndrome (PCOS) with healthy nulliparous women. 
PCOS is one of the best-documented endocrine metabolic disorders 
in women of reproductive age, and its clinical picture often coexists 
with abnormal eating patterns and abdominal obesity. This study 
revealed that patients with PCOS were slightly more likely to exhibit 
emotional eating characteristics, but the differences were not 
statistically significant (p = 0.11). Similarly, quality of life scores 
(physical and mental) did not differ between women with and without 
PCOS. These results suggest that infertile women with PCOS and 
obesity and infertile women with obesity without PCOS do not have 
different eating habits and are characterized by similar mental and 
physical quality of life. An interesting field of further research would 
be  to compare these characteristics with a group of young 
mothers (23).

Biological activity of beige adipose 
tissue

There are three histological types of adipose tissue: white 
adipocytes (WAT), beige, and brown (BAT) (2). Their main 
characteristics are summarized in Table 1.

WAT is composed primarily of unilocular adipocytes, which 
accumulate triglycerides in the cytosol. In response to hormonal 
stimuli (insulin, catecholamines, and glucagon), white adipocytes can 
store or mobilize energy substrates into the circulatory system to 
maintain the body’s energy homeostasis (2).

In contrast, beige adipocytes are characterized by a rich 
mitochondrial content and significant expression of uncoupling 
protein type 1 (UCP1), responsible for thermogenesis. White and 
brown adipocytes originate from different precursor cells, but in 
the adult, processes leading to the mutual transformation of white 
adipocytes into brown adipocytes and vice versa may be activated 
(24). Therefore, morphologically and functionally, beige adipocytes 
are an intermediate stage between their white and brown 
counterparts, and their formation (“browning” of adipose tissue) 

is induced by various biological and environmental factors and 
represents a metabolically beneficial process of white adipose 
tissue remodeling. Beige adipocytes contribute to energy 
expenditure by thermoregulation through the activity of the 
uncoupling protein UCP1 (25, 26). Data suggest that the activity 
of beige and brown adipose tissue may be higher in women than 
in men, which is associated with higher estrogen levels, a different 
receptor profile, and greater sensitivity to environmental stimuli 
such as cold. This phenomenon may represent an adaptive 
metabolic mechanism in young women. Factors that may influence 
the transformation of white adipocytes into beige are endogenous 
and exogenous, and include: reduced calorie intake (fasting, 
including various forms of intermittent fasting), a diet rich in 
antioxidants, physical activity, stress, modulation of the 
gastrointestinal microbiota, exposure to low temperature, 
hormonal activity (catecholamines, thyroid hormones, estrogenes), 
and the paracrine effect of substances secreted by beige and brown 
adipocytes (batokines) (27–31). It is also worth mentioning a 
similar effect that may be initiated by the use of certain medications 
(metformin, GLP-1 analogs, thiazolidinediones), thus constituting 
an additional premise for implementing such therapy in obese 
patients (32). Similarly, in the development of obesity, we  also 
observe a number of changes that can lead to the reverse process, 
namely the “debrowning” of adipose tissue and impaired 
thermogenesis. Experimental studies have noted that „debrowning” 
is one of the earliest changes occurring in adipose tissue in obese 
patients. This process includes, among others, a decrease in the 
level of angiogenesis markers, an increase in inflammatory 
cytokine activity, and the activation of oxidative stress pathways 
(29, 33).

Patients with BMI > 35 kg/m2 (second stage of obesity) exhibit 
significant deficiencies in beige and brown adipose tissue. In Herz’s 
analysis, active beige adipose tissue was detected in only 35% of the 
individuals on 18F-FDG PET. A significantly higher incidence of 
cold-induced thermogenesis was observed in this group. 
Furthermore, obese patients with active BAT had a 28.8% lower 
visceral fat mass, despite a slightly higher total fat mass, compared 
to individuals without detectable 18F-FDG uptake by BAT. In turn, 
a lower percentage of visceral adipose tissue was associated with 
lower insulin resistance and lower markers of systemic 
inflammation (34).

The impact of diet on browning 
adipose tissue

The above data indicate a metabolically beneficial effect of 
adipose tissue browning. Changing dietary habits, including 

TABLE 1  Histological and functional characteristics of white, brown, and beige adipose tissue.

Problematic eating styles Adaptive eating styles (mindful, intuitive)

Unfavorable eating styles (low fiber, high sugar, high omega-6, snacks/fast food) Mediterranean dieta, omega-3, vegetables

Gut microbiota dysbiosis➔ Inflammation Gut microbiota balance➔ anti-inflammatory signaling

↓Browning of WAT➔↓BeAT&BAT activity ↑Browning of WAT➔ ↑BeAT&BAT activity

Metabolic consequences

Low thermogenesis, impaired glucose homeostasis, ↑insulin resistance

Metabolic consequences

High thermogenesis, improve glucose homeostasis, ↓insulin resistance
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modifying eating habits, may be a significant intervention leading 
to the replacement of white adipocytes with beige ones and the 
activation of induced thermogenesis mechanisms. Dietary 
interventions that may influence adipocyte browning include 
supplementing the diet with capsaicin-rich foods, fresh vegetables, 
and fruits, supplementing omega-3 polyunsaturated fatty acids and 
maintaining an appropriate omega-3 to omega-6 ratio, calorie 
restriction, and intermittent fasting (35). The main dietary factors 
associated with the induction or inhibition of adipose tissue 
browning are summarized in Table 2.

Research indicates that in individuals with problematic eating 
styles, particularly emotional eating and uncontrolled eating, the 
supply of fresh vegetables and products rich in omega-3 fatty acids 
is low, and the preferred products are sweet and salty snacks, fast 
food, high sodium products, and low fiber (36). Furthermore, in 
individuals with compulsive behaviors, including binge eating 
episodes, there is an imbalance in the supply of unsaturated 
omega-3/omega-6 fatty acids, with an increased supply of omega-6, 
which in this context may contribute to the induction of 
inflammatory processes and the “debrowning” of adipose tissue 
(37). Under physiological conditions, omega-3 and omega-6 acids 
are metabolized competitively by the same set of enzymes; but lipid 
mediators produced as a result of their metabolism perform 
opposing functions. Those derived from omega-6 fatty acids 
increase inflammation, platelet aggregation, and vasoconstriction. 
Excessive consumption of omega-6 polyunsaturated fatty acids 
with a reduced supply of omega-3 polyunsaturated fatty acids is 
strongly associated with the pathogenesis of adipose tissue 
dysfunction (38).

In addition, in an animal study, a high-fat diet was found to 
inhibit the browning of WAT by inhibiting the expression of 
PGC-1α-IRISIN-UCP-1 in adipose tissue and skeletal muscle. It 
was also found that this effect could be  reversed by increasing 
physical activity and modifying the diet toward an energy deficit, 
noting that the effects of the combined intervention were better 
than those of either intervention alone. Eating large amounts of 
high-fat foods is characteristic of problematic eating styles, 
especially emotional and uncontrolled eating (39). This 

observations were confirmed in another study, where confirming 
also, that a high-fat diet also impairs the thermogenic function of 
BAT, and these effects can be  minimized i.a. by irisin 
supplementation. It is important, that the beneficial effect of irisin 
gradually disappears with the development of clinically apparent 
obesity and other markers of metabolic syndrome, which may 
contribute to the “irisin resistance” (analogous to insulin 
resistance); this phenomenon particularly affected in patients with 
visceral fat distribution, high serum LDL cholesterol and 
triglyceride levels, and poorly controlled type 2 diabetes. 
Pathological eating habits, among other factors, may contribute to 
the development of these metabolic disorders (40, 41).

Gut microbiome and beige adipose 
tissue modulation

The influence of gut microbiota composition on BAT activation 
and metabolism has been demonstrated in mouse models (42, 43) 
whereas evidence from human studies remains limited (44).

The gut microbiome has emerged as an important regulator of 
adipose tissue browning, acting through multiple metabolic and 
immunological pathways. Microbial-derived molecules influence 
thermogenic capacity not only by shaping mitochondrial function but 
also by modifying systemic signaling cascades that support 
energy dissipation.

Cellular and molecular mechanisms: One of the principal 
pathways involves bile acids, which, through activation of FXR and 
TGR5 receptors, stimulate UCP1 expression and enhance thermogenic 
activity (35, 45). Short-chain fatty acids (SCFAs) such as acetate, 
butyrate, and lactate represent another key group of microbial 
metabolites. They promote mitochondrial biogenesis and upregulate 
UCP1 expression, facilitating the conversion of white adipocytes into 
a beige phenotype (46, 47). In addition, interactions between gut 
microbiota and the host immune system can modulate low-grade 
inflammation, creating a microenvironment favorable for browning 
(45). Recent reviews further emphasize that microbiota-driven 
regulation of mitochondrial activity and inflammatory pathways 

TABLE 2  Dietary factors influencing browning and debrowning of adipose tissue.

Dietary factor/pattern Proposed effect on adipose tissue Mechanism of action References

Capsaicin (chili peppers, spicy foods) ↑ Browning Activation of TRPV1, stimulation 

of UCP1 expression

(35)

Fruits and vegetables (polyphenols, 

fiber)

↑ Browning Antioxidant activity, AMPK–

PGC1α pathway

(35)

Omega-3 fatty acids (EPA, DHA) ↑ Browning Mitochondrial biogenesis, anti-

inflammatory mediators

(35)

Balanced omega-3/omega-6 ratio ↑ Browning/↓ Debrowning Competitive metabolism; anti-

inflammatory signaling

(38)

Calorie restriction/intermittent fasting ↑ Browning Increased fatty acid oxidation, 

hormonal modulation

(35)

Excessive omega-6 intake ↓ Browning (↑ Debrowning) Pro-inflammatory eicosanoids, 

oxidative stress

(37, 38)

Diet rich in snacks, fast food, low fiber ↓ Browning (↑ Debrowning) Nutrient imbalance, inflammation, 

impaired microbiota

(36)
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provides an integrative framework that links energy metabolism with 
immune homeostasis (48, 49).

The principal mechanisms through which the gut microbiota 
influences adipose tissue browning are summarized in Table 3. This 
table summarizes current evidence on the role of the gut microbiota 
in BeAT activation and thermogenesis. Most mechanistic insights 
derive from animal models, while human data remain limited and 
require further confirmation in clinical studies.

Lifestyle and experimental interventions: Several external factors have 
been shown to shape microbiota-related browning. Intermittent fasting, 
particularly the alternate-day fasting regimen (EODF), induces remodeling 
of the gut microbiota, increases SCFA production, and promotes beige 
adipocyte activation. Notably, in animal models, microbiota-depleted mice 
were resistant to fasting-induced browning, whereas transplantation of 
microbiota from EODF-treated animals restored the thermogenic 
response (49). Physical activity represents another modifiable factor, 
enhancing SCFA production and improving glucose homeostasis, thereby 
indirectly supporting beige fat activation (50). Probiotic supplementation, 
although biologically plausible, currently lacks consistent evidence for a 
direct effect on adipose tissue browning (35).

Human evidence: Data from human studies, though limited, 
begin to confirm these experimental observations. In a cohort of 
young adults (mean age ~21.8 years, predominantly women), gut 
microbiota composition was directly associated with brown 
adipose tissue activity. Specifically, a higher abundance of 
Bifidobacterium correlated positively with BAT volume and 
activity, while Akkermansia, Lachnospiraceae, and Ruminococcus 
showed negative associations (44). These findings suggest that 
interindividual variability in microbiota composition may partly 
explain differences in thermogenic capacity among young women.

Implications for young women: Considering the metabolic 
vulnerability of young women—particularly those with hormonal 
imbalances such as polycystic ovary syndrome (PCOS), eating 
disorders, or a predisposition to abdominal obesity—microbiota-
targeted interventions may represent a promising preventive strategy. 
Approaches including intermittent fasting, SCFA-promoting dietary 
patterns, or structured physical activity not only improve metabolic 
health but also beneficially modulate the gut microbiota, thereby 
enhancing the potential for beige adipose tissue activation and 
thermogenic flexibility.

Limitations

Although some of the studies cited in this review included both 
male and female participants, the interpretation and conclusions were 
focused on young women, given their unique hormonal, psychosocial, 
and metabolic characteristics.

Conclusion

Eating behavior patterns in young women are a key and 
multifaceted determinant of obesity phenotypes and their associated 
metabolic outcomes. Problematic eating styles—particularly 
emotional, external, and uncontrolled eating—favor visceral fat 
accumulation and may aggravate metabolic disturbances, 
independently of genetic predisposition.

Concurrently, beige adipose tissue (BeAT) has emerged as a 
metabolically active component that may counterbalance the 
adverse effects of excessive white adipose tissue, especially in young 
women. Its activity is shaped by behavioral factors (dietary patterns, 
circadian timing of meals), as well as by hormonal and 
environmental influences.

Elucidating the interplay between eating behaviors, adipose 
tissue distribution, and adipocyte metabolic activity provides a 
foundation for early, individualized obesity-prevention 
strategies. Targeted nutritional interventions—focusing on the 
modification of eating styles, improvement of dietary quality, 
optimization of omega-3/omega-6 fatty acid balance, and 
promotion of a favorable gut microbiota profile—may stimulate 
BeAT activity and support metabolic health in young adulthood. 
Further research is needed to establish effective translational 
strategies in this field.

Author contributions

KW: Writing – original draft, Writing – review & editing, Formal 
analysis, Methodology, Data curation, Resources, Project 
administration, Conceptualization. SD-G: Data curation, 
Methodology, Supervision, Writing  – review & editing. DM: 

TABLE 3  Evidence on gut microbiota and beige adipose tissue (BeAT) modulation from animal and human studies.

Model Mechanism/Mediator Key findings References

Animal studies Short-chain fatty acids (acetate, butyrate, 

lactate)

Promote mitochondrial biogenesis and UCP1 induction → 

browning of white adipose tissue

(39, 46, 47)

Bile acids (FXR/TGR5 signaling) Stimulate UCP1 expression, enhance thermogenesis (35, 45)

Microbiota depletion / transplantation 

(intermittent fasting, EODF)

Depletion prevents browning; transplantation restores 

thermogenic response

(47)

Exercise-induced microbiota shifts Increased SCFA production, improved browning potential (50)

Probiotics Suggested role in browning; evidence inconsistent (35)

Human studies Gut microbiota composition vs. BAT 

activity (18F-FDG PET, young adults, 

mean age ~21 y)

↑ Bifidobacterium associated with higher BAT activity; ↑ 

Akkermansia, Lachnospiraceae, Ruminococcus associated with 

lower BAT activity

(44)

Lifestyle factors (dietary shifts, 

intermittent fasting, physical activity)

Indirect associations via microbiota composition and SCFA 

production; limited clinical data

(44, 50)

https://doi.org/10.3389/fnut.2025.1692944
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Walkiewicz et al.� 10.3389/fnut.2025.1692944

Frontiers in Nutrition 07 frontiersin.org

Validation, Project administration, Writing – review & editing. MB: 
Funding acquisition, Writing – review & editing, Resources, Formal 
analysis. MM-W: Writing – review & editing, Software, Supervision, 
Formal analysis, Visualization, Conceptualization.

Funding

The author(s) declare that financial support was received for the 
research and/or publication of this article. The publication financed 
by Medical University of Silesia, Katowice BNW-1-163/N/3/Z and 
BNW-2-084/N/4/Z.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Generative AI statement

The authors declare that no Gen AI was used in the creation of 
this manuscript.

Any alternative text (alt text) provided alongside figures in this 
article has been generated by Frontiers with the support of artificial 
intelligence and reasonable efforts have been made to ensure accuracy, 
including review by the authors wherever possible. If you identify any 
issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

References
	1.	Rubinio F, Cummings DE, Eckel RH, Cohen RV, Wilding JPH, Brown WA, et al. 

Definition and diagnostic criteria of clinical obesity. Lancet Diabetes Endocrinol. (2025) 
13:221–62. doi: 10.1016/S2213-8587(24)00316-4

	2.	Peirce V, Pellegrinelli V, Vidal-Puig A. Adipose structure (white, brown, beige) In: 
R Ahima, editor. Metabolic syndrome. Cham: Springer (2015)

	3.	Tsekoura E, Kostopoulou E, Fouzas S, Souris E, Gkentzi D, Jelastopulu E, et al. 
The association between obesity and the risk for development of eating 
disorders—a large-scale epidemiological study. Eur Rev Med Pharmacol Sci. (2021) 
25:6051–6.

	4.	Anderson LM, Reilly EE, Schaumberg K, Dmochowski S, Anderson DA. 
Contributions of mindful eating, intuitive eating and restraint to BMI, disordered eating 
and meal consumptions in college students. Eat Weight Disord. (2016) 21:83–90. doi: 
10.1007/s40519-015-0210-3

	5.	Brytek-Matera A, Rogoza R, Czepczpr-Bernat K. The three-factor eating 
questionnaire-R18 polish version: facotr structure analysis among normal weight and 
obese adult women. Arch Psychiatry Psychother. (2017) 3:81–90. doi: 
10.12740/APP/76342

	6.	Ebneter DJ, Latner J, Rosewall A. Impulsivity in restrained eaters: emotional and 
external eating are associated with attentional and motor impulsivity. Eat Weight Disord. 
(2012) 17:62–5. doi: 10.1007/BF03325330

	7.	Goodman L. Mindful feeding: a pathway between parenting style and child eating 
behaviors. Eat Behav. (2019) 36:101335. doi: 10.1016/j.eatbeh.2019.101335

	8.	Van Strien T, Frijters JER, Bergers GP. The Dutch eating behawior questionnaire 
(DEBQ) for assement of restrained, emotional, and external eating behawior. Int 
EatDisord. (1986) 5:295–315. doi: 
10.1002/1098-108X(198602)5:2<295::AID-EAT2260050209>3.0.CO;2-T

	9.	Bourdier L, Orri M, Carre A, Gearhardt AN, Romo L, Dantzer C, et al. Are 
emotionally driven and addictive-like eating behaviors the missing links between 
psychological distress and greater body weight? Appetite. (2018) 120:536–46. doi: 
10.1016/j.appet.2017.10.013

	10.	Villarejo C, Fernández-Aranda F, Jiménez-Murcia S, Peñas-Lledó E, Granero R, 
Penelo E, et al. Lifetime obesity in patients with eating disorders: increasing prevalence, 
clinical and personality correlates. Eur Eat Disord Rev. (2012) 20:250–4. doi: 
10.1002/erv.2166

	11.	Brytek-Matera A, Czepczor-Bernat K, Olejniczak D. Food-related behaviours 
among individuals with overweight/obesity and normal body weight. Nutr J. (2018) 
17:93. doi: 10.1186/s12937-018-0401-7

	12.	Gearhardt AN, Grilo CM, Di Leone RJ, Brownell KD, Potenza MN. Can food 
be addictive? Public health and policy implications. Addiction. (2011) 106:1208–12. doi: 
10.1111/j.1360-0443.2010.03301.x

	13.	Benbaibeche H, Saidi H, Bounihi A, Koceir EA. Emotional and external eating 
styles associated with obesity. J Eat Disord. (2023) 11:67. doi: 
10.1186/s40337-023-00797-w

	14.	Scherwitz L, Kesten D. Seven eating styles linked to overeating, overweight and 
obesity. EXPLORE. (2005) 1:342–59. doi: 10.1016/j.explore.2005.06.004

	15.	Keski-Rahkonen A, Bulik C, Pietiläinen K, Bulik CM, Pietiläinen KH, Rose RJ, 
et al. Eating styles, overweight and obesity in young adult twins. Eur J Clin Nutr. (2007) 
61:822–9. doi: 10.1038/sj.ejcn.1602601

	16.	Raatz S, Gross AC. Clinical assessment and treatment of early-onset severe obesity. 
Curr Obes Rep. (2021) 10:31–8. doi: 10.1007/s13679-020-00418-6

	17.	Malczyk E, Walkiewicz KW, Muc-Wierzgoń M, Dzięgielewska-Gęsiak S. 
Estimation of intake of fat, saturated fatty acids, and trans fatty acids from sweet and 
salty snacks among children and adolescents. Nutrients. (2025) 17:1572. doi: 
10.3390/nu17091572

	18.	Warkentin S. Associations of appetitive behaviors in 7-year-old children with their 
cardiometabolic health at 10 years of age. Nutr Metab Cardiovasc Dis. (2020) 30:810–21. 
doi: 10.1016/j.numecd.2020.01.007

	19.	Ha K, Chung S, Lee H-S, Kim C-i, Joung H, Paik H-Y, et al. Association of dietary 
sugars and sugar-sweetened beverage intake with obesity in Korean children and 
adolescents. Nutrients. (2016) 8:31. doi: 10.3390/nu8010031

	20.	Szczyrba A, Kardas M. Assessment of consumption of light, “lekki” and fit 
products among students of dietetics. Ann Acad Med Siles. (2023) 77:247–54. doi: 
10.18794/aams/169777

	21.	van der Merwe C, Münch M, Kruger R. Chronotype differences in body 
composition, dietary intake and eating behavior outcomes: a scoping systematic review. 
Adv Nutr. (2022) 13:2357–405. doi: 10.1093/advances/nmac093

	22.	Gębala M. Rola stylu życia oraz predyspozycji na prenatalne hormony płciowe w 
kształtowaniu składu ciała i  dystrybucji tkanki tłuszczowej u młodych kobiet. 
Mickiewicza w Poznaniu: Rozprawa doktorska. Uniwersytet im. A (2012).

	23.	Wang Z, Groen H, Cantineau AEP, van Elten TM, Karsten MDA, van Oers AM, 
et al. Dietary intake, eating behavior, physical activity, and quality of life in infertile 
women with PCOS and obesity compared with non-PCOS obese controls. Nutrients. 
(2021) 13:3526. doi: 10.3390/nu13103526

	24.	Koenen M, Hill MA, Cohen P, Sowers JR. Obesity, adipose tissue and vascular 
disfunction. Circ Res. (2021) 128:951–68. doi: 10.1161/CIRCRESAHA.121.318093

	25.	Ahmad B, Vohra MS, Saleemi MA, Serpell CJ, Fong IL, Wong EH. Brown/beige 
adipose tissues and the emerging role of their secretory factors in improving metabolic 
health: the Batokines. Biochimie. (2021) 184:26–39. doi: 10.1016/j.biochi.2021.01.015

	26.	Yuko O-O, Saito M. Brown fat as a regulator of systemic metabolism beyond 
thermogenesis. Diabetes Metab J. (2021) 45:840–52. doi: 10.4093/dmj.2020.0291

	27.	Peng Y, Zhao L, Li M, Liu Y, Shi Y, Zhang J. Plasticity of adipose tissues: 
interconversion among white, Brown, and beige fat and its role in energy homeostasis. 
Biomolecules. (2024) 14:483. doi: 10.3390/biom14040483

	28.	Xin H, Huang R, Zhou M, Chen J, Zhang J, Zhou T, et al. Daytime-restricted 
feeding enhances running endurance without prior exercise in mice. Nat Metab. (2023) 
5:1236–51. doi: 10.1038/s42255-023-00826-7

	29.	Harb E, Kheder O, Poopalasingam G, Rashid R, Srinivasan A, Izzi-Engbeaya C. 
Brown adipose tissue and regulation of human body weight. Diabetes Metab Res Rev. 
(2023) 39:e3594. doi: 10.1002/dmrr.3594

https://doi.org/10.3389/fnut.2025.1692944
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1016/S2213-8587(24)00316-4
https://doi.org/10.1007/s40519-015-0210-3
https://doi.org/10.12740/APP/76342
https://doi.org/10.1007/BF03325330
https://doi.org/10.1016/j.eatbeh.2019.101335
https://doi.org/10.1002/1098-108X(198602)5:2<295::AID-EAT2260050209>3.0.CO;2-T
https://doi.org/10.1016/j.appet.2017.10.013
https://doi.org/10.1002/erv.2166
https://doi.org/10.1186/s12937-018-0401-7
https://doi.org/10.1111/j.1360-0443.2010.03301.x
https://doi.org/10.1186/s40337-023-00797-w
https://doi.org/10.1016/j.explore.2005.06.004
https://doi.org/10.1038/sj.ejcn.1602601
https://doi.org/10.1007/s13679-020-00418-6
https://doi.org/10.3390/nu17091572
https://doi.org/10.1016/j.numecd.2020.01.007
https://doi.org/10.3390/nu8010031
https://doi.org/10.18794/aams/169777
https://doi.org/10.1093/advances/nmac093
https://doi.org/10.3390/nu13103526
https://doi.org/10.1161/CIRCRESAHA.121.318093
https://doi.org/10.1016/j.biochi.2021.01.015
https://doi.org/10.4093/dmj.2020.0291
https://doi.org/10.3390/biom14040483
https://doi.org/10.1038/s42255-023-00826-7
https://doi.org/10.1002/dmrr.3594


Walkiewicz et al.� 10.3389/fnut.2025.1692944

Frontiers in Nutrition 08 frontiersin.org

	30.	Wang C-H, Wei Y-H. Therapeutic perspectives of thermogenic adipocytes in 
obesity and related complications. Int J Mol Sci. (2021) 22:7177. doi: 
10.3390/ijms22137177

	31.	Zou T, Chen D, Yang Q, Wang B, Zhu M-J, Nathanielsz PW, et al. Resveratrol 
supplementation of high-fat diet-fed pregnant mice promotes brown and beige adipocyte 
development and prevents obesity in male offspring: maternal resveratrol promotes beige 
adipogenesis in offspring. J Physiol. (2017) 595:1547–62. doi: 10.1113/JP273478

	32.	Markina NO, Matveev GA, Zasypkin GG, Golikova TI, Ryzhkova DV, Kononova 
YA, et al. Role of Brown adipose tissue in metabolic health and efficacy of drug treatment 
for obesity. J Clin Med. (2024) 13:4151. doi: 10.3390/jcm13144151

	33.	Kononova YA, Tuchina TP, Babenko AY. Brown and Beige adipose tissue: one or 
different targets for treatment of obesity and obesity-related metabolic disorders? Int J 
Mol Sci. (2024) 25:13295. doi: 10.3390/ijms252413295

	34.	Herz CT, Kulterer OC, Prager M, Schmöltzer C, Langer FB, Prager G, et al. Active 
Brown adipose tissue is associated with a healthier metabolic phenotype in obesity. 
Diabetes. (2022) 71:93–103. doi: 10.2337/db21-0475

	35.	Machado SA, Pasquarelli-do-Nascimento G, da Silva D, Silva DS, Farias GR, de 
Oliveira Santos I, et al. Browning of the white adipose tissue regulation: new insights 
into nutritional and metabolic relevance in health and diseases. Nutr Metab. (2022) 
19:61. doi: 10.1186/s12986-022-00694-0

	36.	Betancourt-Núñez A, Torres-Castillo N, Martínez-López E, De Loera-Rodríguez 
CO, Durán-Barajas E, Márquez-Sandoval F, et al. Emotional eating and dietary patterns: 
reflecting food choices in people with and without abdominal obesity. Nutrients. (2022) 
14:1371. doi: 10.3390/nu14071371

	37.	Khoury M, Chamsine S, Merheb C, Arfoul E, Rached M, Younes F, et al. Binge 
eating among young adults: association with sociodemographic factors, nutritional 
intake, dietary n-6:n-3 ratio and impulsivity. Br J Nutr. (2021) 126:1431–40. doi: 
10.1017/S0007114521000118

	38.	Mariamenatu AH, Abdu EM. Overconsumption of Omega-6 polyunsaturated fatty 
acids (PUFAs) versus deficiency of Omega-3 PUFAs in modern-day diets: the disturbing 
factor for their “balanced antagonistic metabolic functions” in the human body. J Lipids. 
(2021) 2021:1–15. doi: 10.1155/2021/8848161

	39.	Dai J, Zhao Y, Chen Y, et al. Irisin reverses high-fat diet-induced metabolic 
dysfunction via activation of brown adipose tissue in mice. Int J Obes. (2025) 49:1066–75. 
doi: 10.1038/s41366-025-01739-z

	40.	Cheng L, Wang J, Dai H, Duan Y, An Y, Shi L, et al. Brown and beige adipose tissue: 
a novel therapeutic strategy for obesity and type 2 diabetes mellitus. Adipocyte. (2021) 
10:48–65. doi: 10.1080/21623945.2020.1870060

	41.	Pukajło K, Kolackov K, Łaczmański Ł, Daroszewski J. Irisin- a new mediator of 
energy homeostasis. Postepy Hig Med Dosw. (2015) 69:233–42. doi: 
10.5604/17322693.1141097

	42.	Hu J, Kyrou I, Tan BK, Dimitriadis GK, Ramanjaneya M, Tripathi G, et al. Short-
chain fatty acid acetate stimulates Adipogenesis and mitochondrial biogenesis via 
GPR43  in Brown adipocytes. Endocrinology. (2016) 157:1881–94. doi: 
10.1210/en.2015-1944

	43.	Sahuri-Arisoylu M, Brody LP, Parkinson JR, Parkes H, Navaratnam N, Miller AD, 
et al. Reprogramming of hepatic fat accumulation and 'browning' of adipose tissue by 
the short-chain fatty acid acetate. Int J Obes. (2016) 40:955–63. doi: 10.1038/ijo.2016.23

	44.	Ortiz-Alvarez L, Acosta FM, Xu H, Sanchez-Delgado G, Vilchez-Vargas R, Link 
A, et al. Fecal microbiota composition is related to brown adipose tissue 
18F-fluorodeoxyglucose uptake in young adults. J Endocrinol Investig. (2023) 46:567–76. 
doi: 10.1007/s40618-022-01936-x

	45.	Zaiqi H, Lu Y, Yue Z, Yang X, Jing G, Zhaozheng Z, et al. Gut microbiota mediates 
the effects of curcumin on enhancing Ucp1-dependent thermogenesis and improving 
high-fat diet-induced obesity. Food Funct. (2021) 12:6558–75. doi: 10.1039/D1FO00671A

	46.	Wen J, Bo T, Zhang X, Wang Z, Wang D. Thermo-TRPs and gut microbiota are 
involved in thermogenesis and energy metabolism during low temperature exposure of 
obese mice. J Exp Biol. (2020) 223:jeb218974. doi: 10.1242/jeb.218974

	47.	Li G, Xie C, Liu S. Intermittent fasting promotes white adipose browning and 
decreases obesity by shaping the gut microbiota. Cell Metab. (2017) 26:672–685.e4. doi: 
10.1016/j.cmet.2017.08.019

	48.	Su F, Su M, Wei W, Wu J, Chen L, Sun X, et al. Integrating multi-omics data to 
reveal the host-microbiota interactome in inflammatory bowel disease. Gut Microbes. 
(2025) 17:2476570. doi: 10.1080/19490976.2025.2476570

	49.	Colangeli L, Escobar Marcillo DI, Simonelli V, Iorio E, Rinaldi T, Sbraccia P, et al. 
The crosstalk between gut microbiota and white adipose tissue mitochondria in obesity. 
Nutrients. (2023) 15:1723. doi: 10.3390/nu15071723

	50.	Suryani D, Subhan Alfaqih M, Gunadi JW, Sylviana N, Goenawan H, Megantara 
I, et al. Type, intensity, and duration of exercise as regulator of gut microbiome profile. 
Curr Sports Med Rep. (2022) 21:84–91. doi: 10.1249/JSR.0000000000000940

https://doi.org/10.3389/fnut.2025.1692944
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.3390/ijms22137177
https://doi.org/10.1113/JP273478
https://doi.org/10.3390/jcm13144151
https://doi.org/10.3390/ijms252413295
https://doi.org/10.2337/db21-0475
https://doi.org/10.1186/s12986-022-00694-0
https://doi.org/10.3390/nu14071371
https://doi.org/10.1017/S0007114521000118
https://doi.org/10.1155/2021/8848161
https://doi.org/10.1038/s41366-025-01739-z
https://doi.org/10.1080/21623945.2020.1870060
https://doi.org/10.5604/17322693.1141097
https://doi.org/10.1210/en.2015-1944
https://doi.org/10.1038/ijo.2016.23
https://doi.org/10.1007/s40618-022-01936-x
https://doi.org/10.1039/D1FO00671A
https://doi.org/10.1242/jeb.218974
https://doi.org/10.1016/j.cmet.2017.08.019
https://doi.org/10.1080/19490976.2025.2476570
https://doi.org/10.3390/nu15071723
https://doi.org/10.1249/JSR.0000000000000940

	Eating behavior patterns in relation to obesity phenotypes and beige adipose tissue content with a focus on young women; a narrative review
	Introduction
	Eating style and obesity
	Biological activity of beige adipose tissue
	The impact of diet on browning adipose tissue
	Gut microbiome and beige adipose tissue modulation
	Limitations
	Conclusion

	References

