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Preface 
 

 

Dear Reader 

 
 
Obesity is a stigmatizing disease, especially among women, who seek treatments that may 
disregard body shape. Obesity causes several dermatological aberrations, including 
edema, ulcerations, stretch marks, cellulite, and other disorders. The etiology of skin 
laxity after rapid weight loss has not yet been adequately studied and is generally 
attributed to damage to collagen and elastin, which allows skin retraction. The objective 
of this e-book was to investigate, through a literature review of clinical studies, the 
characteristics of changes in skin elasticity and nutrients after bariatric surgery for a better 
understanding of these conditions and patient treatment. The results revealed that the 
literature data demonstrate changes in skin elasticity and nutrients after bariatric surgery. 
These skin changes may occur due to nutritional deficiencies, which can contribute to 
alterations in elastic and collagen fibers, laxity, excess skin, stretch marks, cellulite, 
edema, ulcerations, and infections that lead to problems in wound healing. This e-book 
can contribute to the understanding of the effects of obesity and significant weight loss 
after bariatric surgery on the skin characteristics of these patients. Treatment options 
include procedures that improve sagging and elasticity, and in cases of excess skin, plastic 
surgery to improve body contour. Thus, patients can achieve body satisfaction, improved 
health with a reduction in comorbidities caused by obesity, and consequently, an 
improved quality of social life. 
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INTRODUCTION 
 
 

Obesity is a serious global health problem, as the rate of obesity has increased 

dramatically in recent decades [1]. According to the World Health Organization (WHO), 

obesity is the fifth leading cause of death, along with overweight, leading to more than 

2.8 million deaths annually [2].  

In developed Western culture, a slim body is considered attractive, healthy, and 

socially acceptable. Obesity is a stigmatizing disease, especially among women, since 

most people do not know the cause of obesity, such as the genetic factors involved, which 

increases the stigma towards those with this condition, due to obesity being conceived as 

a moral defect or being associated exclusively with the individual's behavior. Women 

predominate in seeking treatment that often disregards body shape [3-5]. 

Obesity has been associated with an increased risk for diseases such as diabetes, 

cardiovascular disease, changes in musculoskeletal disorders, and even certain types of 

cancer. Furthermore, obesity can also cause some dermatological aberrations, affecting 

body structures formed by epithelial and connective tissue that make up the skin, 

appendages such as sweat and sebaceous glands, hair follicles, vascularization, lymphatic 

vessels, microcirculation, and can also affect the response to trauma, such as in wound 

healing. Recurrent infectious problems, hyperpigmentation, edema and ulcerations, 

stretch marks, cellulite, and other disorders are also common [3,4,6,7]. 

These dermatological changes can be caused by the process of increased flaccidity 

in obese individuals after weight loss. The etiology of skin flaccidity after rapid weight 

loss has not yet been properly studied. It generally occurs due to damage to collagen and 

elastin fibers, which allow skin retraction after weight loss [8]. Furthermore, the study on 

the effect of weight loss after bariatric surgery on the skin and extracellular matrix showed 
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significant signs of damage to the components of the extracellular matrix despite being a 

short-term bariatric procedure study [9]. 

Approaches for the treatment of clinically significant obesity have been developed 

including diet, exercise and drugs, among others. Bariatric surgery is considered with 

strict eligibility criteria imposed by the National Institutes of Health for morbidly obese 

patients when non-surgical treatment fails to achieve weight loss [4,10]. 

There are several types of bariatric surgery accompanied by different levels of 

nutritional deficiencies and metabolic imbalances that affect the skin, either by altering 

its microarchitecture or by changes in its immunity and defense mechanisms, which lead 

to inflammation and increased susceptibility to pathogens. Vitamin and mineral 

deficiencies, among others, appear to play an important role in the pathogenesis of 

dermatological diseases after bariatric surgery [5,10]. 

Obesity and significant weight loss represent a new scientific field to be 

investigated. While studies have investigated the clinical outcomes in patients who 

underwent bariatric surgery and who underwent plastic surgery after weight loss through 

bariatric surgery, a study is needed to analyze at a microscopic level to understand the 

effects of obesity and significant weight loss on the skin and wound healing, and to assess 

the possible causes of skin laxity [3,4,5,9]. 

Considering this context, this e-book aimed to investigate, through a literature 

review of clinical studies, the characteristics of changes in skin elasticity and nutrients 

after bariatric surgery for a better understanding of these conditions and the treatment of 

patients. 
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CHAPTER I 

 

Obesity - Epidemiology, Etiology and Risk Factors 

 

Obesity has become a prominent public health problem worldwide. According to 

the World Obesity Atlas, overweight and obesity will affect nearly 3 billion adults by 

2030 [1]. Considered a cause of morbidity and mortality in the population, excess weight 

in obese individuals can contribute to the development of psychological morbidity, 

metabolic changes, cancer, and cardiovascular, dermatological, and musculoskeletal 

diseases [11,12]. 

Among dermatological changes, most obese patients present with skin distension 

forming stretch marks, plantar hyperkeratosis, increased risk of skin infections, poor 

wound healing [10,13], malignant melanoma, and increased risk of inflammatory 

dermatoses, such as psoriasis, as well as some rarer disorders [12,14]. Cutaneous aspects 

also show histological changes in skin architecture, and thus modifications in the 

components that provide the structure of the dermis have been investigated [14,15]. 

Primary care professionals recognize that obesity is a major contributor to the 

burden of chronic diseases. Effective weight management can be challenging in treating 

these diseases, considering that the pathophysiology drives weight gain in susceptible 

individuals and hinders weight loss and maintenance. Primary care professionals should 

be aware of the following practical recommendations [16]: 

❖ Body mass index (BMI) is a valuable part of the electronic health record, but it is 

a screening measure, not a diagnostic measure. The diagnosis of obesity is 

confirmed by the presence of abnormal excess body fat that impairs health. 

https://doi.org/10.54448/MSP.978-65-983826-9-8
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Parameters such as patient genetics, ethnicity, and waist circumference should be 

considered as part of the BMI characteristics. 

❖ Consider comorbidities and health risks when determining the intensity of the 

treatment approach. 

❖ Modest or moderate weight loss can produce health benefits. Regarding more 

serious complications, greater weight loss may be necessary. For patients with 

severe obesity and complications, bariatric surgery should be considered. 

❖ For the diet to be successful, there are several approaches, such as prescribing a 

diet that the patient can adhere to with health benefits; to this end, a successful 

lifestyle change requires skills training. Patients should have access to counseling 

sessions with at least 14 sessions over 6 months and annual follow-up. 

❖ Medications approved for chronic weight management can help patients adhere 

better to the diet plan and can help sustain hard-won weight loss. Medications 

should be prescribed and success assessed between 12 and 16 weeks. In case of 

success, medications should be continued. 

❖ Obesity is a complex chronic disease, so lifelong management is indicated. 

Studies report that socioeconomic status in childhood influences body mass index, 

waist circumference, and obesity in adults, with differences between genders [16,17]. 

Thus, exposure to famine early in life, fetal or before the age of 50, can increase BMI, the 

risk of overweight and obesity, especially for women. Similarly, a higher socioeconomic 

status among men and a lower socioeconomic status among women were associated with 

higher adiposity indicators [16]. In cross-sectional and Asian studies, the risk of 

overweight and obesity in individuals exposed to famine caused by natural disasters is 

higher than in the unexposed group [17]. 

https://doi.org/10.54448/MSP.978-65-983826-9-8
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Different approaches have been described for the treatment of obesity, such as 

diet, exercise, and medication, among others. However, bariatric surgery has been 

considered in cases where non-surgical procedures have not shown improvement in 

comorbidities, as well as weight reduction. Thus, bariatric surgery may be indicated for 

the treatment of obese patients with comorbidities associated with mortality [3,4]. 
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CHAPTER II 

 

Surgical Interventions for Patients with Obesity 

 

Bariatric surgery is an effective procedure superior to conventional weight loss 

therapy [18]. Thus, this surgical procedure has helped thousands of patients move towards 

a healthier life, dealing with the comorbidities of morbid obesity [10]. This surgery leads 

to substantial long-term weight loss, with improvement in these comorbidities due to the 

reduction in BMI, metabolic and functional factors of cardiovascular disease, including 

hypertension, lipid disorders, non-alcoholic fatty liver disease, musculoskeletal pain, in 

addition to reducing mortality from diabetes, cardiovascular diseases, and cancers 

[10,18,19]. 

The safety of this procedure has been well studied and is not significantly greater 

than that of routine abdominal surgeries. The acute complications of this surgery are 

infection, bleeding, and anastomotic leakage [19]. The guidelines from the American 

Heart Association / American College of Cardiology / The Obesity Society (AHA / ACC 

/ TOS) strongly recommend that physicians be proactive in identifying and referring 

patients who could benefit from bariatric surgery. These recommendations include a 

Body Mass Index (BMI) greater than or equal to 40 or a BMI greater than or equal to 35 

for adult patients with obesity-related comorbidities as basic criteria for surgery [2]. 

In this respect, bariatric surgeries are divided into three categories: restrictive 

procedures, malabsorptive procedures, and a combination thereof. Restrictive surgeries 

do not alter the qualitative or quantitative absorption of nutrients and include vertical 

banded and non-adjustable ring gastroplasty, laparoscopic adjustable gastric banding, and 

sleeve gastrectomy. Malabsorptive surgery encompasses procedures that cause 
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malabsorption of macro and micronutrients such as biliopancreatic diversion with or 

without duodenal switch [14]. 

Mixed procedures consist of Roux-en-Y gastric bypass (RYGB) surgery, which 

combines the procedures described above and induces changes in the neuro-hormonal 

pathways that regulate energy balance. In this type of procedure, an isolated part of the 

stomach is directly connected to the middle part of the small intestine, resulting in 

decreased gastric capacity, decreased acid secretion, and lack of nutrient absorption from 

the duodenum and proximal jejunum [4,10]. Malabsorption after RYGB is limited to 

micronutrients, and vitamin and mineral supplementation is necessary to prevent 

deficiencies. Complications of RYGB are diverse and include distension of the remaining 

stomach, stomach stenosis, marginal ulcer formation, cholelithiasis, ventral hernias, 

internal hernias, hypoglycemia, dumping syndrome, metabolic and nutritional disorders, 

and weight regain [14]. 

In the long term, complications after bariatric surgery include nutritional 

deficiencies, including vitamins and minerals, and anemia. Some patients may develop 

dumping syndrome after meals, and some patients may experience postprandial 

hypoglycemia after RYGB. In addition, about 25% of patients require plastic surgery to 

relieve excess skin tissue [19]. 
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CHAPTER III 

 

Nutrient deficiency and skin changes 

 

Inadequate eating habits contribute to obesity and lead to vitamin deficiencies 

[20]. Food insecurity is related to poverty, which in turn has traditionally been associated 

with malnutrition. The nutritional transition in Brazil may be shaping the differential 

deleterious effect of food insecurity on the accumulation of body fat throughout life. 

Severe food insecurity has been associated with obesity among adult women and 

moderate food insecurity with overweight among female adolescents; however, it is not 

yet established among male or female children [21]. 

Data from the literature show that most obese individuals have vitamin 

deficiencies due to differences in the intake of fruits and vegetables in the diet, resulting 

from alterations in the physiology of micronutrient metabolism, with greater fat mass 

leading to increased sequestration of lipophilic vitamins in adipose tissue. Fat-soluble 

vitamins include vitamins A, D, E, and K, which are necessary for various bodily 

functions, such as bone metabolism, blood clotting, immune response, antioxidant 

activity, and other actions necessary for the prevention of many diseases. Water-soluble 

vitamins include the B complex vitamins and vitamin C (ascorbic acid), which are 

essential for metabolism, participating in various metabolic pathways and involved in 

energy production reactions, redox reactions, and the transfer of carbon units [20]. 

The assessment of vitamin status is of fundamental importance in obese 

individuals. Obese individuals are particularly deficient in fat-soluble vitamins (A, D, E, 

and K) and, among the water-soluble vitamins, folic acid and vitamins B12 and C. 

However, some vitamins have been less evaluated in cases of obesity. Adipose tissue is 

https://doi.org/10.54448/MSP.978-65-983826-9-8
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considered an endocrine and metabolic organ, which in excess leads to alterations in the 

body's homeostasis, as well as vitamin deficiencies that can aggravate the pathological 

state [20]. 

Regarding dermatological changes, body composition appears to interfere with 

the synthesis and metabolism of 25(OH)D. The prevalence of vitamin D deficiency, a 

precursor molecule of this compound, is higher in obese individuals, resulting in a high 

concentration of fat in subcutaneous and visceral tissues than in non-obese individuals, 

who have less fat accumulation in these tissues [22,23].  

Vitamin C is necessary for the post-translational modification of pro-collagen 

polypeptides to form a resistant and flexible molecule [24,25]. Defective collagen 

synthesis is one of the most common symptoms attributed to scurvy, leading to fatigue, 

reducing the willingness to exercise, and contributing to the worsening of obesity 

[20,24,25]. 

Also, vitamin B12 deficiency can result in hyperpigmentation of the skin, changes 

in the mucous membranes, and dark brown discoloration on the back of the hands and 

feet, skin folds, and nails with uniform pigmentation or longitudinal bands. Furthermore, 

atrophic glossitis, angular cheilitis, and aphthous stomatitis are found in patients with 

vitamin B12 deficiency. Pigmentation changes can be caused by an increased number of 

melanocytes in the basal layer, melanin granules in the basal layer, dermal blood vessels, 

collagen distortion, and fragmented elastic fibers in the reticular dermis [10]. 

Weight loss after bariatric surgery or dieting is usually accompanied by an 

improvement in body image, and in most operated individuals, these feelings remain at a 

stable level in the long term. In clinical practice, however, despite the highly satisfactory 

weight loss, some individuals still disregard their body image and seek body contouring 

procedures to improve their physical appearance [26]. 
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Clinical evidence of macroscopic differences in the structure of connective tissue 

proper (dermis) and adipose tissue (hypodermis), in color and texture, has been observed 

by plastic surgeons in body contouring procedures in post-bariatric obese patients [27-

30]. These differences may occur due to malabsorption and nutritional deficiencies 

observed after bariatric surgery, resulting from reduced food intake and absorption of 

macro and micronutrients [14,31].  

Some skin changes can be expected one year after weight loss; after that, little 

change is likely to occur, and surgical procedures may be necessary to meet patients' 

needs and restore body image [32,33]. Thus, therapeutic interventions for obesity through 

medication or surgical interventions are increasingly common. All these treatment 

modalities also have dermatological side effects [5]. 
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CHAPTER IV 

 

Skin Complications Related to Bariatric Surgery and/or Weight Loss 

 

The skin changes observed in obesity affect both the epidermis and the underlying 

dermis and hypodermis, as well as lymphatic flow and collagen formation [4,5,7]. These 

changes can affect wound healing, cause lymphedema, cellulite, and other skin-related 

conditions. Poor wound healing in obese individuals may result from obesity-related 

comorbidities that can contribute to decreased tissue perfusion. Thus, treating 

complications arising from skin changes observed in obesity can be even more 

challenging for both the patient and the professional [34]. 

About 90% of post-bariatric patients with massive weight loss tend to exhibit 

negative secondary effects due to the large amount of redundant skin. In addition to 

aesthetic problems, this leads to functional problems, dermatoses, and difficulties with 

personal hygiene [14]. These patients present histological alterations of the skin, since 

weight loss affects the microarchitecture, such as the components of the extracellular 

matrix, which acquires poor organization of collagen, elastin degradation, and scar 

formation within macroscopically normal areas [9,14]. 

In the wound healing process in post-bariatric patients, abnormal elastic and 

collagen fibers are visualized. Complications may be caused by deterioration of the 

extracellular matrix, probably attributed to constant inflammation that results in a 

degrading effect on the skin [10]. 

In addition, after gastric bypass (Roux-en-Y bypass or Fobi-Capella surgery), 

nutritional deficiencies resulting from this type of procedure occur, which indirectly alter 

the immunity and integrity of the skin through different mechanisms [9]. Considering 
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nutritional deficiencies, insufficient nutritional support, such as that provided to intensive 

care unit patients, can facilitate the development of skin conditions, with skin infections 

being the most common in these patients [10]. However, a relationship between 

nutritional status, increased collagen in the wound, and elastic fiber content appears to be 

partially involved [27,35]. 

It has been reported that after weight loss, collagen production decreases and 

subcutaneous fat begins to show poorly defined lobules and more fibrous attachments 

[10]. A large remodeling of collagen with an increase in Picrosirius staining has also been 

observed and corresponds to increased collagen degradation and a significant decrease in 

cross-linking [36]. 

The connective tissues proper to the dermis and adipose tissue are important in all 

plastic surgery procedures because they are involved in healing and possible 

postoperative complications such as necrosis, liponecrosis, seromas, among others. The 

skin of patients after plastic surgery who had previously undergone bariatric surgery 

showed changes in adipose tissue with thickening of the fibrous septa and retracted 

adipocytes with thickening of the plasma membrane. Dermal changes that may have 

occurred as a compensatory reaction similar to tissue expansion were collagen thickening, 

vascular network hypertrophy, and loss of elastic fibers [27]. 

Another change observed in obese patients after massive weight loss is decreased 

blood flow, considering that these patients have increased fibrosis in the subcutaneous 

arteries of low resistance [10], although weight loss induced by bariatric surgery can 

result in almost complete regression of microvascular fibrosis [13,35,37]. 

Regarding the vascular system, the hormone leptin promotes endothelial cell proliferation 

and angiogenesis.  
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This hormone is strongly correlated with obesity, as it is secreted by adipocytes 

and regulates energy homeostasis and food intake. Thus, it is believed that increased 

leptin levels in those with obesity have toxic effects on the vascular system and lead to 

capillary leakage and necrosis [7]. Proteoglycans containing heparan sulfate have also 

been linked to cell proliferation and angiogenesis processes, as well as other biological 

activities such as inflammation and hemostasis. Heparan sulfates are linked to different 

proteins in the nucleus and can be found on the cell surface and in the extracellular matrix, 

such as the basement membrane, thus interacting with a wide range of proteins that induce 

these biological processes. 

After bariatric surgery, the patient's skin shows lower concentrations of heparan 

sulfate and perlecan, and an increase in type III collagen. Perlecan, in turn, is a primary 

component of the basement membrane that interacts with several growth factors, such as 

vascular endothelial growth factor (VEGF)-A, essential for epidermal formation and 

angiogenesis [14]. 

Literature data show increasing recognition of the role of genetic factors in the 

etiology of obesity. Although in the vast majority of cases these influences are polygenic, 

some obese children suffer from monogenic disorders, which may present only with 

obesity. However, most of the time, they usually exhibit other syndromic alterations [11]. 

Thus, its etiology acquires a multifactorial character. 

The molecular mechanisms responsible for the dysfunction of extracellular matrix 

remodeling in obese individuals after bariatric surgery and/or weight loss have been 

investigated [38]. The authors investigated the expression of some genes involved in this 

mechanism by comparing the skin of obese individuals and normal skin. The skin of obese 

patients with extensive weight loss after bariatric surgery showed increased expression of 

peroxisome proliferator-activated receptor gamma coactivator (PGC-1beta), which may 
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result in decreased expression and activity of matrix metalloproteinase 9 (MMP9) and 

increased collagen types III and IV. These molecular changes may contribute to the 

formation of sagging skin folds observed in these patients and impair wound healing. 

Although it is not known whether PGC-1beta can control the production of collagen 

precursors in fibroblasts as it does in macrophages, the data suggested a potential role for 

this cofactor in collagen production in the skin [39]. 

Other authors have shown that collagen deposition depends on the balance 

between its secretion by fibroblasts and its degradation, and that collagen types III and 

IV are mainly metabolized by MMP9 [38]. Patients undergoing abdominoplasty after 

massive weight loss present with loose, soft skin lacking a sufficient collagen fiber 

network [40]. These patients with significant weight loss have poor skin elasticity, 

decreasing resistance layers such as the dermis and epidermis, and low collagen quality. 

Furthermore, patients with massive weight loss who have undergone plastic surgery 

procedures have a higher risk of complications such as hematomas and seromas. Another 

undesirable outcome that cannot be easily measured is skin relaxation after plastic surgery 

in these weight-loss patients [41]. 

It was also observed that the amount of collagen in the linea alba above the 

umbilical region in morbidly obese patients was lower than in non-obese individuals of 

the same age group, confirming the reduction of collagen fibers in obese patients, who, 

after weight loss, may present excess and folds of skin with loss of elasticity [42]. 

Matsumoto et al. (2014) [43] investigated the expression level of the heme 

oxygenase-1 gene (heme oxygenase-1, HMOX1), a marker of oxidative stress in humans, 

considering that in animals there was an increase in oxidative stress levels due to 

hypertrophy of subcutaneous adipose cells, which produce collagenolytic enzymes 

resulting in structural changes in the dermis [44-46]. HMOX1 expression was 
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significantly lower in the abdomen and thigh in overweight men compared to individuals 

in the control group. Thus, the authors evidenced increased levels of oxidative stress and 

decreased dermal collagen density in the thigh, abdomen, and arm. 

In addition, the echogenicity of the upper and lower dermis of the abdomen and 

the lower part of the thigh dermis was significantly lower in the overweight group than 

in the control group. Thus, these findings suggest the fragility of the dermis in overweight 

men, which may have been caused by the accumulation of subcutaneous adipose tissue 

[43]. 

The parameters of thickness and echogenicity of the dermis in young people 

between 20 and 30 years of age with overweight and obesity after weight loss were 

studied, and the authors observed a decrease in thickness and an increase in echogenicity 

of the dermis in the thighs of 83.3% of the individuals investigated. Thus, the dermal 

structure in the thighs of young overweight individuals can be improved after weight loss 

and reach the level of structure observed in those of individuals with normal weight [43]. 

Thus, it can be shown that the skin of patients with massive weight loss is weakened due 

to the lower density and thickness of collagen fibers and damage to their elastic fibers 

[47]. 

As the abdomen, flanks, thighs, upper arms, buttocks, and breasts increase in size, 

stretch marks may occur, especially when the increase is rapid, due to the rupture of the 

dermal layer of the skin [48,49]. In the initial process of stretch marks, the skin is 

stretched, and thin, red, shiny stripes appear, which may be accompanied by itching; over 

time, they become whitish and acquire a different texture from normal skin [34,48]. 

Another skin alteration caused by obesity is dryness of the skin with increased 

transepidermal water loss as a result of a change in the epidermal barrier. Dry skin often 
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causes itching, contributes to decreased effectiveness of the skin's barrier function, and 

causes skin breakdown; it can contribute to the appearance of stretch marks [7,12,34]. 
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CHAPTER V 

 

Histological Characteristics of the Skin in Healthy Individuals 

 

The skin is the largest organ in the human body and acts as the first line of defense, 

protecting internal organs against external trauma and pathogenic infections. It consists 

of an outer layer, the epidermis, and a thicker, inner layer, the dermis. Underlying the 

dermis is the subcutaneous tissue, hypodermis, or superficial fascia. The dermis, 

consisting of connective tissue proper, forms the largest part of the skin and separates the 

epidermis from the subcutaneous tissue. It consists of the papillary dermis and the 

reticular dermis. The dermal papillae found in the dermis project upwards into recesses 

in the epidermis. Unlike the epidermis, the dermis is more fibrous than cellular and 

contains blood vessels. Like all connective tissue, the dermis is of mesodermal origin, but 

it also contains structures of ectodermal origin, such as hair follicles and sebaceous and 

sweat glands originating from the invagination of the epidermis [50-53].  

The dermis also contains blood and lymphatic vessels, autonomic and sensory 

nerve fibers, and sensory corpuscles. Few cells are found in the dermis, including 

histiocytes, fibroblasts, and mast cells. The main function of the dermis is to act as a 

resistant matrix and provide support to nerves and blood vessels. Two types of fibers are 

found in the dermis, predominantly collagen (97.5%) and elastin (2.5%). Collagen fibers 

run parallel to the skin surface, while elastin fibers form a network. Collagen fibers are 

responsible for the resilience of the dermis. Collagen is an important component of 

connective tissue, and 80% of the total collagen in the body is found in the dermis and 

bones. Fibroblasts, the main type of skin cell, produce collagen, mainly types I and III 

[51]. 
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The second most important structural element of the skin is elastic fibers, 

consisting of the protein elastin and microfibrils (fibrillin). This material, also synthesized 

by fibroblasts in the skin, allows the skin to be stretched, compressed, and contracted, 

returning to its original shape. The elastic fibers located in the papillary dermis have 

microfibrils passing vertically through the dermoepidermal junction DEJ; they form 

oxytalan fibers that combine with elaunin fibers. The elastic fibers found in the reticular 

dermis layer run parallel to the skin surface between the collagen fibers. The network that 

elastic fibers form in young skin is lost as one ages. The skin loses its elasticity and has a 

flaccid appearance. With extrinsic photoaging, elastin fibers accumulate, a condition 

known as "elastosis". The fibers become thicker and more coiled, altering the properties 

of the fibers [51]. 

Viscoelasticity, a reversible deformation property, allows the skin to stretch to a 

certain physiological limit under physical stress and then return to its resting state once 

the load is removed. Sliding and realigning collagen fibers allows the skin to deform while 

maintaining its integrity and preventing damage, while elastic fibers will return the skin 

to its resting state after the external force is removed. In addition to mechanical stress, 

biological (cancer and aging) and environmental (sunlight and ultraviolet, UV) factors 

are also capable of altering the architecture and structural properties of collagen and 

elastin networks in the skin [5,51,52]. 

The loss of fibroblasts, elastin, and collagen is related to the onset of sagging with 

loss of skin elasticity. Considering that elasticity results from the three-dimensional 

structure formed by collagen and elastin fibers found in the dermis, its loss causes the 

network of elements to become less dense, reducing the firmness between cells. Changes 

can occur due to aging or exposure to radiation [54-57], nutritional deficiencies, obesity, 

weight gain, and loss [7,34]. 
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Below the dermis, we find the hypodermis or subcutaneous tissue composed of 

adipose cells, nerves and larger blood vessels. It is through this layer that the dermis 

connects with the deep fascia. The thickness of this layer varies according to the different 

parts of the body, being greater in the abdomen and buttocks, where adipose tissue is 

found, and also varies according to nutritional status [4,5]. 
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FINAL CONSIDERATIONS 

Conventional behavioral and pharmacological therapies applied for long-term 

weight loss have shown limited success in severe obesity, leading to increased interest in 

bariatric surgery. Massive weight loss after surgery leads to bodily changes such as excess 

loose and constricted skin, causing physical discomfort and psychosocial problems. 

Furthermore, this procedure also leads to dermatological changes mainly caused by 

malabsorption and nutritional deficiencies, which can contribute to alterations in elastic 

and collagen fibers, sagging, excess skin, edema, ulcerations, and infections that lead to 

problems in wound healing. This e-book shows the effects of obesity and significant 

weight loss after bariatric surgery on the skin characteristics of these patients, which can 

be treated with procedures that improve skin laxity and elasticity. Early recognition of 

nutritional deficiencies and replacement of vitamins and trace elements can contribute to 

better outcomes after bariatric surgery. In cases of excess skin, these patients may undergo 

plastic surgery to improve the appearance of body contour. Thus, patients find satisfaction 

with their bodies, improved health with a reduction in comorbidities caused by obesity, 

and consequently, an improved quality of social life. 

 

 

 

 

 

 

 

 

 

https://doi.org/10.54448/MSP.978-65-983826-9-8



29  

 
 

Acknowledgment 
 
Not applicable. 
 
Ethical Approval  

Not applicable. 

Informed Consent 

Not applicable.  

Funding 

Not applicable. 

Data Sharing Statement 

No additional data are available. 

Conflict of Interest  

The authors declare no conflict of interest. 

Similarity Check  

It was applied by Ithenticate@. 

Application of Artificial Intelligence (AI) 

Not applicable. 

Peer Review Process 

It was performed. 

About The License©   

The author(s) 2026.  The text of this book is licensed under a Creative Commons 

Attribution 4.0 International License. 

 

 

 

 

 

 

 

 

 

https://doi.org/10.54448/MSP.978-65-983826-9-8



30  

 
 

REFERENCES 

 

1. World Obesity Federation. World Obesity Atlas 2025. London: World Obesity 
Federation, 2025.Translation: Instituto 
Cordialhttps://lp2.institutocordial.com.br/pbo-223-atlas-25. Accessed on: 
February, 22, 2026. 

2. WHO- World Health Organization. Available on: 
https://www.sbcbm.org.br/endoscopia-e-obesidade/ Accessed on: February, 22, 
2026. 

3. Matwiejuk M, Myśliwiec H, Mikłosz A, Chabowski A, Flisiak I. The Impact of 
Bariatric Surgery on the Development and Progression of Dermatologic Diseases: 
A Narrative Review. Dermatol Ther (Heidelb). 2026 Jan;16(1):171-189. doi: 
10.1007/s13555-025-01568-y.  

4. Silva ACF, Kazmarek LM, Souza EM, Cintra ML, Teixeira F. Dermatological 
manifestations relating to nutritional deficiencies after bariatric surgery: case 
report and integrative literature review. Sao Paulo Med J. 2022 Sep-
Oct;140(5):723-733. doi: 10.1590/1516-3180.2021.0616.R1.17022022.  

5. Joudatt LLC, Zotarelli-Filho IJ, de Quadros LG, Lopes ACP, de Lima André J, 
Joudatt J, Junior RLK. Histological Skin Assessment of Patients Submitted to 
Bariatric Surgery: A Prospective Longitudinal Cohort Study. Obes Surg. 2023 
Mar;33(3):836-845. doi: 10.1007/s11695-023-06453-1. 

6. Gómez-Pérez D, S Ortiz M, L Saiz J. The effects of weight stigmatization on 
obese people and health care professionals. Rev Med Chil. 2017 Sep;145(9):1160-
1164. doi: 10.4067/s0034-98872017000901160. 

7. Yosipovitch G, DeVore A, Amanhecer A Obesity and the skin: skin physiology 
and skin manifestations of obesity. J Am AcadDermatol. 2007;56:901-16. 

8. Aly AS, Cram AE, lipectomy Chao M. Belt lipectomy for circumferential truncal 
excess: the University of Iowa experience. PlastReconstr Surg. 2003;111:398-
413. 

9. Light D, Arvanitis GM, Abramson D, Glasberg SB. Effect of weight loss after 
bariatric surgery on skin and the extracellular matrix. PlastReconstr Surg. 2010 
Jan;125(1):343-51. 

10. Zouridaki E, Papafragkaki DK, Papafragkakis H, Aroni K, Stavropoulos P. 
Dermatological complications after bariatric surgery: report of two cases and 
review of the literature. Dermatology. 2014;228(1):5-9. doi: 10.1159/000356160.  

11. Millington GW. Obesity, genetics and the skin. Clin Exp Dermatol. 2013 
Jan;38(1):50-6; quiz 56. doi: 10.1111/ced.12024. 

12. Shipman AR, Millington GW. Obesity and the skin. Br J Dermatol. 2011 
Oct;165(4):743-50. doi: 10.1111/j.1365-2133.2011.10393.x.  

13. Fearmonti RM, Blanton M, Bond JE, Pestana IA, Selim MA, Erdmann D. 
Changes in dermal histomorphology following surgical weight loss versus diet-
induced weight loss in the morbidly obese patient. Ann Plast Surg. 2012 
May;68(5):507-12. 

14. Manzoni AP, Weber MB. Skin changes after bariatric surgery. An Bras Dermatol. 
2015 Mar-Apr;90(2):157-66. doi: 10.1590/abd1806-4841.20153139. 

15. Wollina U, Dreßler M, Lohmann T. Bariatric surgery - a dermatologic 
perspective. J Eur Acad Dermatol Venereol. 2015 May;29(5):835-41. doi: 
10.1111/jdv.12820. Epub 2014 Nov 5. 

https://doi.org/10.54448/MSP.978-65-983826-9-8



31  

 
 

16. Wagner KJP, Bastos JLD, Navarro A, Gonzalez-Chica DA, Boing AF. 
Socioeconomic status in childhood and obesity in adults: a population-based 
study. Rev Saude Publica. 2018;52:15. doi: 10.11606/s1518-
8787.2018052000123. Epub 2018 Feb 26. 

17. Zhou J, Zhang L, Xuan P, Fan Y, Yang L, Hu C, Bo Q, Wang G, Sheng J, Wang 
S. The relationship between famine exposure during early life and body mass 
index in adulthood: A systematic review and meta-analysis. PLoS One. 2018 Feb 
6;13(2):e0192212. doi: 10.1371/journal.pone.0192212. eCollection 2018. 

18. Major P, Kowalczuk A, Wysocki M, Osadnik S, Pędziwiatr M, Głuszewska A, 
Pisarska M, Małczak P, Lasek A, Kisielewski M, Budzyński A. Effects of 
bariatric surgery on cardiovascular risk factors among morbidly obese patients. 
Pol Przegl Chir. 2017 Feb 28;89(1):41-49. doi: 10.5604/01.3001.0009.7176. 

19. Svane MS, Madsbad S. Bariatric surgery - effects on obesity and related co-
morbidities. Curr Diabetes Rev. 2014 May;10(3):208-14. 

20. Thomas-Valdés S , Tostes MDGV , Anunciação PC , da Silva BP , Sant'Ana 
HMP. Association between vitamin deficiency and metabolic disorders related to 
obesity. Crit Rev Food Sci Nutr. 2017 Oct 13;57(15):3332-3343. doi: 
10.1080/10408398.2015.1117413. 

21. Schlüssel MM, Silva AA, Pérez-Escamilla R, Kac G. Household food insecurity 
and excess weight/obesity among Brazilian women and children: a life-course 
approach. Cad Saude Publica. 2013 Feb;29(2):219-26. 

22. De Souza Silva J, Pereira SE, Saboya Sobrinho CJ, Ramalho A. Obesity, related 
diseases and their relationship with vitamin D deficiency in adolescents. Nutr 
Hosp. 2016 Jul 19;33(4):381. doi: 10.20960/nh.381. 

23. Cheng S. et al. Adiposity, cardiometabolic risk, and vitamin D status: the 
Framingham Heart Study. Diabetes. 2010, 59(1):242-248. 

24. Montanari, T. Histologia: texto, atlas e roteiro de aulas práticas [recurso 
eletrônico] / Tatiana Montanari. 3ª ed. Porto Alegre: Edição do Autor, 2016. 

25. Kypreos, K. E. et al. (2001). Type V collagen regulates the assembly of collagen 
fibrils in cultures of bovine vascular smooth muscle cells. Journal of cellular 
biochemistry.80(1):146-155. 

26. Ellison JM, Steffen KJ, Sarwer DB. Body Contouring After Bariatric Surgery. Eur 
Eat Disord Rev. 2015 Nov;23(6):479-87. 

27. Migliori F, Rosati C, D’Alessandro G, Serra Cervetti GG. Body contouring after 
biliopancreatic diversion. Obes Surg. 2008;16:1638–44. 

28. Folope V, Coëffier M, Déchelotte P. Nutritional deficiencies associated with 
bariatric surgery. Gastroenterol Clin Biol. 2007 Apr;31(4):369–77. 

29. Malinowski SS. Nutritional and metabolic complications of bariatric surgery. Am 
J Med Sci. 2006 Apr;331(4):219–25. 

30. Alvarez-Leite JI. Nutrient deficiencies secondary to bariatric surgery. Curr Opin 
Clin Nutr Metab Care. 2004 Sep;7(5):569–75. 

31. Hasanbegovic E, Sørensen JA. Complications following body contouring surgery 
after massive weight loss: a meta-analysis. J Plast Reconstr Aesthet Surg. 
2014;67:295–301. 

32. Cabbabe SW. Plastic Surgery after Massive Weight Loss. Mo Med. 2016 May-
Jun;113(3):202-6. 

33. Eisenberg D, Duffy AJ, Sino RL. Update on obesity surgery. World J 
Gastroenterol.2006;12:3196-203. 

https://doi.org/10.54448/MSP.978-65-983826-9-8



32  

 
 

34. Holdridge A, DiGregorio H, Selekman J. Breaking the silence: addressing skin 
issues in obese and overweight children. J Pediatr Nurs. 2013 Nov-Dec;28(6):e22-
7. doi: 10.1016/j.pedn.2013.04.008.  

35. D'Ettorre M , Gniuli D, Iaconelli A, Massi G, Mingrone G, Bracaglia R. Wound 
healing process in postbariatric patients: an experimental evaluation. Obes Surg. 
2010 Nov;20(11):15528. 

36. Liu Y, AronWisnewsky J , Marcelin G , Genser L , Le Naour G , Torcivia A , 
Bauvois B , Bouchet S , Pelloux V , Sasso M , Miette V , Tordjman J , Clément 
K. Accumulation and Changes in Composition of Collagens in Subcutaneous 
Adipose Tissue After Bariatric Surgery. J ClinEndocrinolMetab. 2016 
Jan;101(1):293-304. 

37. De Ciuceis C, Rossini C, Porteri E, La Boria E, Corbellini C, Mittempergher F, 
Di Betta E, Petroboni B, Sarkar A, AgabitiRosei C, Casella C, Nascimbeni R, 
Rezzani R, Rodella LF, Bonomini F, AgabitiRosei E, Rizzoni D. Circulating 
endothelial progenitor cells, microvascular density and fibrosis in obesity before 
and after bariatric surgery. Blood Press. 2013 Jun;22(3):165-72. 

38. Bigg HF, Rowan AD, Barker MD, Cawston TE. Activity of matrix 
metalloproteinase-9 against native collagen types I and III. FEBS J. 
2007;274(5):1246-55. 

39. Prist IH, Salles AG, de Lima TM, Modolin ML, Gemperli R, Souza HP. 
Extracellular matrix remodeling derangement in ex-obese patients. Mol Cell 
Biochem. 2017 Jan;425(1-2):1-7. doi: 10.1007/s11010-016-2857-0.  

40. Orpheu SC, Coltro PS, Scopel GP, Gomez DS, Rodrigues CJ, Modolin ML, 
Faintuch J, Gemperli R, Ferreira MC. Collagen and elastic content of abdominal 
skin after surgical weight loss. Obes Surg. 2010 Apr;20(4):480-6. 

41. Choo S, Marti G, Nastai M, Mallalieu J, Shermak MA. Biomechanical properties 
of skin in massive weight loss patients. Obes Surg. 2010 Oct;20(10):1422-8. 

42. Grossi JV, Nicola FF, Zepeda IA, Becker M, Trindade EN, Diemen VV, 
Cavazzola LT, Trindade MR. Linea alba collagen assessment in morbidly obese 
patients. Arq Bras Cir Dig. 2016;29Suppl 1(Suppl 1):8-11. doi: 10.1590/0102-
6720201600S10003. 

43. Matsumoto M, Ibuki A, Minematsu T, Sugama J, Horii M, Ogai K, Nishizawa T, 
Dai M, Sato A, Fujimoto Y, Okuwa M, Nakagami G, Nakatani T, Sanada H. 
Structural changes in dermal collagen and oxidative stress levels in the skin of 
Japanese overweight males. Int J Cosmet Sci. 2014 Oct;36(5):477-84. doi: 
10.1111/ics.12145.  

44. Ibuki, A., Akase, T., Nagase, T. et al. Skin fragility in obese diabetic mice: 
possible involvement of elevated oxidative stress and upregulation of matrix 
metalloproteinases. Exp. Dermatol. 21, 178–183 (2012). 

45. Akase, T., Nagase, T., Huang, L. et al. Aging-like skin changes induced by 
ultraviolet irradiation in an animal model of metabolic syndrome. Biol. Res. Nurs. 
14, 180–187  (2012). 

46. Nagase, T., Akase, T., Sanada, H. et al. Aging-like skin changes in metabolic 
syndrome model mice are mediated by mineralocorticoid receptor signaling. 
Aging Cell 12, 50–57 (2013). 

47. Sami K , Elshahat A , Moussa M , Abbas A , Mahmoud A. Image analyzer study 
of the skin in patients with morbid obesity and massive weight loss. Eplasty. 2015 
Jan 23;15:e4. 

48. National Institutes of Health. (2017). Striae. Retrieved from 
https://medlineplus.gov/ency/article/003287.htm 

https://doi.org/10.54448/MSP.978-65-983826-9-8



33  

 
 

49. Elsaie, M., Baumann, L., & Elsaaiee, L. (2009). Striae distensae (stretch marks) 
and different modalities of therapy: An update. Dermatologic Surgery, 35, 563–
573. 

50. Aziz J, Shezali H, Radzi Z, Yahya NA, Abu Kassim NH, Czernuszka J, Rahman 
MT. Molecular Mechanisms of Stress-Responsive Changes in Collagen and 
Elastin Networks in Skin. Skin Pharmacol Physiol. 2016;29(4):190-203.  

51. Calleja-Agius J, Brincat M, Borg M. Skin connective tissue and ageing. Best Pract 
Res Clin HoldrObstet Gynaecol. 2013 Oct;27(5):727-40.  

52. Neiva, Gentileza Santos Martins. Histologia. São Paulo: Pearson Education do 
Brasil, 2014.  

53. Junqueira LC, Carneiro J. Biologia Celular e Molecular. 9ª ed. Rio de Janeiro: 
Guanabara Koogan, 2012, 252-254. ISBN-10:85-277-2078-7. 

54. Gomes, E.A. Radiofrequência no tratamento da flacidez. Goiás: Ed Faculdade 
Ávila, 2015. 

55. Imokawa G, Ishida K. Biological mechanisms underlying the ultraviolet 
radiation-induced formation of skin wrinkling and sagging I: reduced skin 
elasticity, highly associated with enhanced dermal elastase activity, triggers 
wrinkling and sagging. Int J Mol Sci, 2015;16: 7753-75. 

56. Silva GX, Mejia DPM. A Utilização da Rádio Freqüência no tratamento da 
flacidez facial. Goiás: Ed Faculdade Ávila, 2013. 

57. Lima EPF, Rodrigues GBO. A estimulação russa no fortalecimento da 
musculatura abdominal. ABCD, Arq. Bras. Cir. Dig. 2012;25(2):125-128. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://doi.org/10.54448/MSP.978-65-983826-9-8



34  

 
 

About the Editors 
 
Dr. Idiberto José Zotarelli Filho, MSc, Ph.D., PostDoctoral 

  
Graduated from Harvard Medical School Postgraduate Medical Educational (Global 

Clinical Scholars Research Training) in 2024 in the USA. Postdoctoral Fellowship in 

Advanced Therapies - Pelé Pequeno Príncipe Institute - Curitiba/PR, Brazil. PhD in 

Molecular Biophysics and Regenerative Medicine - Sao Paulo State University - UNESP, 

São José do Rio Preto, São Paulo, Brazil. Professor and researcher at Sao Paulo State 

University - UNESP-IBILCE, Brazil. Professor and Scientific Coordinator at the 

Brazilian Association of Nutrology – ABRAN, Brazil. He is the Editor-in-Chief of the 

International Journal of Nutrology (ABRAN's official journal) and the MedNEXT Journal 

of Medical and Health Sciences. He is The Obesity Society member (TOS member), USA. 

He serves as an International Honorary Professor at the Rutgers University, Department 

of Neurosurgery, New Brunswick, NJ, USA, Faculty of Palliative Medicine of Sri Lanka, 

as well as Hebrew University, Israel, Kaplan Medical Center, Israel, and Palestinian 

Clinical Research Center, Bethlehem, Palestine. Also, he works in the area of research 

in Regenerative Medicine with Stem Cells and Biomaterials at UNESP, Brazil, and 

Regenerative Nutrology at ABRAN. He served as a Guest Editor for Frontiers in 

Neurosciences. He serves as the main reviewer for the International Journal of Surgery 

(Impact Factor = 15.5). He has a post-doctorate in Advanced Therapies with microRNAs 

and exosomes. He works with public health research in several areas such as cancer, 

obesity, and nutrology. He works as a professor, researcher, and writer in the area of 

bariatric and metabolic surgery and bariatric endoscopy. He actively works in 

Experimental and Clinical Medical Research in several specialties. He attended the 

clinical research, scientific writing, statistical treatment, and bioethics program at Duke 

University - USA. He received an International Award at the Fifth and Sixth World 

Congress on Cell Therapy and Stem Cells in Chicago and Philadelphia - USA, 

respectively.   
E-mail: zotarelli.filho@unesp.br 

ORCID: https://orcid.org/0000-0003-4328-1829  

 

 

Dr. Durval Ribas Filho, MD, Ph.D., FTOS  

 

He holds a degree in Medicine from the Faculty of Medicine of Fundação Padre Albino 

/ UNIFIPA / FAMECA - SP. Master and PhD in Medicine from FAMERP - São Paulo 

(Faculty of Medicine Foundation of São José do Rio Preto). He is fellow in The Obesity 

Society (FTOS). He is currently President-elect of the Brazilian Association of Nutrology, 

Scientific Coordinator of the National Graduate Course in Nutrology / ABRAN; Scientific 

Coordinator and Professor of postgraduation in Nutrology by the Brazilian Association 

of Nutrology / MEC. Chief Medical Officer of EMTN, Hospital Escola Emílio Carlos and 

Padre Albino Hospital, Vice President of the Latin American Academy of Nutrology 

(ALAN), Professor of the Medical School of the Padre Albino Foundation / UNIFIPA / 

SP, Has Specialist Degree in Nutrology, Endocrinology and Medical Clinic by the 

Federal Council of Medicine (CFM) and the Brazilian Medical Association (AMB). 

Experience in Medicine, with emphasis in Nutrology, mainly in the following subjects: 

Nutrology, Endocrinology, Diabetes, Obesity and Metabolic Syndrome.  
E-mail: dr.ribas@abran.org.br  
ORCID: https://orcid.org/0000-0001-6924-7747 

https://doi.org/10.54448/MSP.978-65-983826-9-8

mailto:zotarelli.filho@unesp.br


https://doi.org/10.54448/MSP.978-65-983826-9-8


	capa.pdf
	Página 1

	capa.pdf
	Página 1

	capa.pdf
	Página 1
	contracapa.pdf
	Página 1





