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Abstract
Dietary imbalance and overeating can lead to an increasingly widespread disease - obesity. Aesthetic considerations aside, obesity is defined as an excess of adipose tissue that can lead to serious health problems and can predispose to a number of pathological changes and clinical diseases, including diabetes; hypertension; atherosclerosis; coronary artery disease and stroke; obstructive sleep apnea; depression; weight-related arthropathies and endometrial and breast cancer. A body weight 20% above ideal for age, gender and height is a severe health risk. Bariatric surgery is a set of surgical methods to treat morbid obesity when other treatments such as diet, increased physical activity, behavioral changes and drugs have failed. The two most common procedures currently used are sleeve gastrectomy and gastric bypass. This procedure has gained popularity recently and is generally considered safe and effective. Although current data show that perioperative mortality is low and better control of comorbidities and short-term complications is achieved, more randomized trials are needed to evaluate the long-term outcomes of bariatric procedures. This review aims to synthesize and summarize the growing evidence on the long-term effectiveness, outcomes and complications of bariatric surgery. 
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Core Tip: The method of bariatric surgery is associated with dramatic weight loss, overall health improvement and, in many cases curing obesity-related comorbidities (i.e., diabetes, high blood pressure, sleep apnea, asthma and other breathing disorders, arthritis, cholesterol problems, gastroesophageal reflux disease, fatty liver, urinary stress incontinence, brain pseudotumor, and more). Furthermore, in cases with a high degree of obesity, undergoing this type of surgical intervention also decreases overall mortality. Simultaneously, physical quality of life improved faster than mental quality of life.

INTRODUCTION
An imbalance in dietary patterns and excessive nutritional intake may give rise to ailments such as obesity. Despite any purely aesthetic considerations, obesity can be described as an excess of adipose tissue that endangers a person's health; specifically, a body weight exceeding 20% of the ideal weight determined by age, gender, and height is deemed to pose a significant health risk[1].
Bariatric surgery is a set of surgical methods for treating morbid obesity. This procedure has gained popularity recently and is generally considered safe and effective. In addition, some of the authors in recent scientific studies claim that it is effective in the short term, although long-term complications have not been described or are rare[1]. 
The method is associated with dramatic weight loss, improvement and, in many cases curing obesity-related comorbidities. These diseases include diabetes, hypertension, sleep apnea, bronchial asthma and other respiratory disorders, arthritis, cholesterol-related disorders, gastroesophageal reflux disease, fatty liver disease, urinary stress incontinence, brain pseudotumor, and more. Furthermore, in cases with a high degree of obesity, undergoing this type of surgical intervention also decreases overall mortality[2]. Because of this, the term "metabolic surgery" is becoming more and more critical. 
There are many different causes of obesity, but it is a fact that the number of people suffering from obesity is constantly increasing. According to the World Health Organization, obesity has tripled in many countries of the European region since 1980, with overweight and obesity affecting 50% of the population in most European countries. Furthermore, it is projected that a significant portion of the global population, precisely 60%, or 3.3 billion individuals, may suffer from the effects of excessive weight gain, with 2.2 billion individuals deemed overweight and an additional 1.1 billion individuals classified as obese, by the year 2030[3].
Bariatric surgery is applied to people who cannot lose weight with diets and sports; have a body mass index (BMI) of 35 or higher, and have accompanying diseases such as metabolic syndrome, diabetes, hypertension, and others; as well as people who have an index above 40 but do not have accompanying diseases. Generally speaking, bariatric surgery aims at one single thing - to reduce the volume of food taken in and its absorption[3].
[bookmark: _Hlk136345153]The global guidelines for bariatric surgery were established after a National Institutes of Health consensus conference in 1991. Even then, early bariatric procedures such as jejunoileal bypass were recognized to carry substantial long-term risks. However, the idea of surgical obesity treatment was primarily rejected. Over the next several years, the limited evidence regarding the safety and effectiveness of bariatric surgery was denied. Subsequently, a consensus panel decided that procedures such as Roux-en-Y gastric bypass (RYGB) and vertical banded gastroplasty (VGB) are safe and effective for patients with body mass index (BMI) ≥ 40 kg/m2 or with BMI ≥ 35 kg/m2 and concomitant medical complications of obesity[4].
In this way, a practice standard was established that had previously been lacking, and at the same time, this type of surgery was legitimized as a surgical discipline. Since then, the clinical evidence base for bariatric surgery has grown tremendously.
Bariatric surgery has significant health benefits, such as lowering hyperglycemia or normalizing blood glucose levels, lowering blood pressure and cholesterol, and improving obstructive sleep apnea and diabetes-related micro- and macrovascular complications. The surgical techniques involved in bariatric interventions are varied and involve different interventions[5]. When they include "bypassing" the duodenum, there is also a decrease in the hormone ghrelin and an increase in GLP-1 (Glucagon-like peptide 1) and PYY (Gut hormone peptide, tyrosine-tyrosine peptide), which improves insulin sensitivity, as well as other metabolic parameters. Two recently published meta-analyses of studies following patients for up to 5 years also showed reasonable glycemic control in patients with type 2 diabetes after bariatric surgery [5-8].
During the coronavirus disease 2019 (COVID-19), most surgical procedures, especially elected, were postponed because of the health crisis and public health measures[9], including bariatric surgery.
Studies have shown that bariatric surgery leads to more significant weight loss and is more effective in treating type 2 diabetes in obese patients than non-surgical treatments. Long-term observations have also shown that these benefits persist for over five years after the surgery. However, the predicting factors of long-term complications, long-term survival, and the impact on patient mental health and costs must be constantly updated[10].
Nevertheless, like any other surgical procedure, this one hides its own risks, some of which are life-threatening, long-term nutritional complications. Often after this procedure, patients develop anemia and have calcium and vitamin losses, which must be compensated by taking substitutes throughout their lives. Some of the potentially severe complications of bariatric surgery are micro- and macronutrient deficiencies. In addition, stenosis and ulceration of the anastomosis, reflux esophagitis, cholelithiasis, steatohepatitis, and altered pharmacokinetics and dynamics may occur[11-13].
Two additional risks are often overlooked: recurrent calcium oxalate urolithiasis and osteoporosis. Both complications are described more often after RYGB, which bypasses the duodenum, where the calcium is mainly absorbed. Unfortunately, an elevated oxalate excretion after RYGB was described, which is usually challenging to treat. Consistent with calcium malabsorption is the low level of urine calcium. Even so, RYGB-related osteoporosis is not associated with changes in weight or vitamin D metabolism[14].
In this review, we focus on the long-term outcomes, complications – rates and management, and quality of life (QoL) and psychological aspects in patients after bariatric surgery.

LONG-TERM OUTCOMES AFTER BARIATRIC SURGERY
A systematic review by O'Brien et al[15] reviewed 33 datasets reporting data beyond 10 years after bariatric surgery. There were no surgical fatalities. At 20 years, the weight reduction was 30.1 kg, excess weight loss (EWL) was 48.9%, and total weight loss (%TWL) was 22.2%. Although the reoperation rate was first high, currently, it is significantly lowered with a better band and aftercare follow-up.
They included 18 gastric bypass reports, 16 of which were RYGB and two for the laparoscopic One-Anastomosis Gastric Bypass (OAGB) version. At 10 years or longer, the mean %EWL for all gastric bypass combinations was 56.7%, with a mean of 55.4% EWL (for RYGB), 80.9% EWL (for OAGB) and 45.9% (for laparoscopic adjustable gastric banding, LAGB). In addition, the mean weight reduction in the two randomized control trials (RCTs) with LAGB was 55.9% EWL [15].
While long-term efficacy was encouraging, most studies exerted inadequate quality, with typically absent controls and several data gaps (incl. missing % follow-up, reoperation rates, perioperative mortality and morbidity, etc.) in most publications. Just two RCTs were included[16,17]. Angrisani et al[17] found 69% EWL and 46% EWL in RYGB and LAGB, respectively. At 10 years in Australian research comparing LAGB to optimum medical care, the LAGB group had 63% EWL. Three noteworthy RCTs of 5-year results with RYGB vs SG have been reported[18-20]. In 5 years, the SLEEVEPASS research[18] revealed 57% and 49% EWL for RYGB and SG, respectively. The SM BOSS research[19] found that RYGB had a 68% excess BMI loss (EBMIL), and the SG had a 61% EBMIL. Finally, the STAMPEDE research [20] found that RYGB had a TWL of 21.7% and SG had a TWL of 18.5%. We anticipate a lengthier follow-up from this and other similar research. Likely, widespread adoption of bariatric surgery will not occur until more high-quality evidence is released.
Van Veldhuisen et al[21] also performed a systematic review and meta-analysis of cardiovascular diseases and bariatric surgery. They include 39 prospective or retrospective cohort studies, but no RCTs. Bariatric surgery lowered the risk of all-cause death [pooled hazard ratio (HR) of 0.55, P < 0.001 vs controls] and cardiovascular mortality [HR 0.59, P < 0.001]. Moreover, bariatric surgery lowered the incidence of heart failure [HR 0.50, P < 0.001], myocardial infarction [HR 0.58, P < 0.001], and stroke [HR 0.64, P < 0.001], but not atrial fibrillation (HR 0.82, P = 0.12) [21].
The extent to which the favorable impact of bariatric surgery is related to total weight loss or if additional ancillary benefits also play a role is an essential consideration. According to a new small mechanistic investigation, the advantages of bariatric surgery are entirely connected to weight loss, with no additional objective benefits[22]. However, numerous other studies have shown that ancillary aspects of the surgery, such as a changed gut hormone production, increased insulin sensitivity, and altered gut microbiome[23], impact the outcomes. Therefore, bariatric surgery is referred to as metabolic surgery[20].
Nonetheless, there is no doubt that the degree of weight loss is critical. For example, one study demonstrated that in non-surgical obese patients, a 20% weight loss was required though rarely achieved, to decrease the long-term major cardiovascular events rate. In contrast, at least 10% weight loss was needed in surgical patients, which is usually easily accomplished[23] and supports the hypothesis that additional metabolic processes improve the benefits of surgery[21]. Despite the potential benefits of bariatric surgery for preventing (and maybe treating) cardiovascular illness, no randomized controlled trials have primarily studied the influence of surgery on cardiovascular events or outcomes.
According to the European Society of Cardiology's newly issued guideline for cardiovascular disease prevention, "bariatric surgery for obese high-risk people should be considered when lifestyle adjustment does not result in maintained weight loss," i.e., it is a 2A recommendation[24]. This is a significant departure from the former guideline of 2016[25], in which diet and lifestyle changes were encouraged as mainstay therapeutic choices, and bariatric surgery was not formally recommended. Therefore, preventing or treating cardiovascular illness has had little effect on surgical recommendations thus far[26]. The most significant advice for metabolic surgery is for individuals with obesity and Type 2 diabetes. It is currently regarded as a suitable adjunct to existing conventional care in this patient population[27].
In summary, the findings of this systematic review and meta-analysis demonstrate that bariatric surgery, compared to non-surgical therapy, lowers mortality and the incidence of cardiovascular diseases in individuals with obesity. Therefore, in some instances, bariatric surgery should be explored[21].
In their systematic review and meta-analysis, Buchwald et al[28] focused on the 30-d surgical mortality of 0.1%, 0.5% and 1.1% for simply restrictive surgeries,  gastric bypass, and biliopancreatic diversion or duodenal switch, respectively. Diabetes, sleep apnea and hypertension were cured in 76.8%, 85.7% and 61.7%, and improved in 86.0%, 83.6% and 78.5% of patients, respectively. Seventy percent or more of individuals observed an improvement in their hyperlipidemia. The authors concluded that after bariatric surgery, morbidly obese people lost weight effectively. Furthermore, most individuals with diabetes, hyperlipidemia, hypertension, and obstructive sleep apnea had their symptoms entirely resolved or improved[28].
Kang et al's systematic review and meta-analysis examined the efficacy and safety of the three most popular bariatric surgery procedures: RYGB, SG, and LAGB[29]. The findings revealed that BMI reduction and %EWL differed substantially between RYGB and LAGB but not between RYGB and SG. No significant difference in weight loss between RYGB and SG was demonstrated, even though they showed superiority to LAGB. While less efficient in weight reduction, LAGB caused fewer problems than the other two surgical techniques[29].
Still, the outcomes of bariatric surgery depend primarily on the multidisciplinary approach[30]. The desirable outcomes following bariatric surgery are presented in Figure 1.

COMPLICATIONS AFTER BARIATRIC SURGERY
Bariatric surgery is generally safe and, in most cases, effective, but this type of surgical procedure can be associated with severe complications, some of which can be fatal[31].
In general, the complications of bariatric surgery are divided into two major groups: early and late. Early postoperative complications include leaks, stenoses, bleeding, and venous thromboembolic events, while late complications include band erosion, acute obstruction, gallstone disease, Dumping syndrome, ischemia, and megaesophagus or pseudoachalasia and death. Regarding the complications of this type of operative manipulation, many scientific groups work in the field, and publications are increasing yearly. One of the most detailed publications on this topic is the following.
Chang et al[32] evaluated 30-d significant complications related to bariatric surgeries. This study comprised 71 American studies from 2003 to 2014 and 107874 patients with a mean age of 44 years and a pre-surgery BMI of 46.5 kg m-2. They received gastric bypass, adjustable gastric banding, or SG[32]. The rate of less than 30-day anastomotic leak was 1.15%, of myocardial infarction - 0.37%; and of pulmonary embolism - 1.17%, where the death rates were 0.12%, 0.37%, and 0.18%, respectively, among all patients[33]. Although, among surgical procedures, SG had a greater anastomotic leak rate (1.21%) than gastric bypass (1.14%), gastric bypass exerted a higher risk for myocardial infarction and pulmonary embolism than other techniques. However, we discovered that complication reporting is poorer than other outcomes. The 30-d rates of the three primary problems following each operation vary from 0% to 1.55%, and the mortality rate after these complications ranges from 0% to 0.64%. Future research documenting issues following bariatric surgery should increase the quality of their reporting[32].
On the other hand, in the scientific work of Stone et al[33], a fascinating relationship between the skin color of the patients, respectively the nationality, with the complications that have occurred. They demonstrated that most studies revealed that Black patients had higher 30-d mortality, morbidity, and duration of stay than White patients. The differences between White and Hispanic patients were mainly non-significant in these outcomes. In conclusion, during 30-d of bariatric surgery, black individuals may encounter a greater risk of adverse events than white patients. Explanations for this discrepancy were limited due to the limits of large multicenter datasets. Longer-term studies that cover additional races and ethnicities and take socioeconomic considerations might help future studies[33].
Chierici et al[34] included 39 papers in their systematic review and meta-analysis to demonstrate that biliopancreatic diversion with duodenal switch provides the best weight loss results (total weight loss on the 1st and 3rd year, %TWL 12.38 and 28.42), followed by single-anastomosis duodenoileal bypass (%TWL 9.24 and 19.13), one-anastomosis gastric bypass (%TWL 7.16 and 13.1), and RYGB (%TWL 4.68 and 7.3) were all superior to re-SG. Furthermore, compared to re-SG, duodenal switch and RYGB are linked with an increased risk of late morbidity (OR: 3.07 and 2.11, respectively). However, no significant difference was seen for the other surgeries. In addition, weight recidivism is most common after re-SG; individuals receiving single-anastomosis duodenal bypass had the lowest rate[34]. 
Poole et al[35] conducted a survey completed by 138/715 eligible surgeons (19.3%) to evaluate the management of bariatric surgery complications. Approximately 54.3% of respondents had not received training in bariatric surgery during their residency or fellowship. Among the 108 respondents, 66.7% believed that general surgeons should handle post-bariatric surgery complications, while 25.9% lacked confidence in addressing such issues. Most respondents (65.7%) expressed interest in pursuing additional continuing professional development options for managing these complications. The most preferred educational modalities for this purpose included hands-on workshops, online resources, and live webinars, with 67.1% of the participants willing to invest 1-3 h and 42.9% ready to pay over $100 for such resources[35].
Some of the complications following bariatric surgery are presented in Figure 2.

QUALITY OF LIFE AFTER BARIATRIC SURGERY
A systematic review by Hachem and Brennan revealed that bariatric surgery improved QoL more than other obesity therapies. There were significant disparities in QoL improvements across various forms of bariatric surgery. Improvements in QoL were more likely to happen within the first 2 years after surgery, with physical QoL improving faster than mental QoL[36].
According to the study of 18 identified papers by Sierżantowicz et al[37], bariatric therapy appears to produce a long-term advantage in health-related (HRQOL), particularly its physical component score. However, due to psychological predispositions, certain individuals are less likely to benefit from bariatric therapy, whether in terms of HRQOL or weight loss. In addition, studies with inconsistent and imprecise designs may limit the usefulness of the conclusions. Therefore, the author concluded that early identification of such individuals and providing physical and psychological counseling would improve bariatric treatment results[37].
The first systematic evaluation to present data from all quantitative designs on studies that assessed personality traits was conducted by Summerville et al[38]. Overall, neuroticism appeared to be related to worse HRQOL, whereas extraversion was shown to be associated with greater HRQOL. However, null relationships for these two qualities were also detected.
Many authors claim that patients frequently rated bariatric surgery as a life-changing intervention that reduces weight, improves obesity-related comorbidities, and improves the QoL. Yet, many poll respondents considered bariatric surgery hazardous or harmful. Patients from racial minority groups expressed more anxiety about mortality risk, lower weight reduction goals, and varied reasons for pursuing bariatric surgery. Female patients were likelier to have good impressions of bariatric surgery and higher weight loss aspirations[39]. The research revealed a disparity between patient views and bariatric surgery's clinical safety and effectiveness profile. Overestimation of the hazards, false expectations, and unfamiliarity with the outcomes of bariatric surgery were all prevalent findings. These negative attitudes toward bariatric surgery may contribute to its underutilization among eligible patients. In addition, views and motives frequently differed by race, location, gender, and age, highlighting the importance of patient-centered education during the prereferral stage. The literature also revealed widespread misunderstandings about bariatric surgery. More studies should be conducted to investigate the influence of education on patient and public attitudes[39].
Despite the good results of bariatric procedures, the current data show that in a small part of all cases, the most severe complication is a fatal outcome. Perioperative mortality rates improved significantly since the early 2000s, ranging from 0.03% to 0.2% [40]. However, as Chang et al[32] maintained, the mortality rate after late complications ranges from 0% to 0.64%. Based on the meta-analysis by Robertson and colleagues and their studies involving over 3.6 million patients, the deaths were 4707. The pooled analysis showed an overall mortality of 0.08 percent. They found no statistically significant difference between overall, 30-d, 90-d, or in-hospital mortality. However, they found a relationship between the types of surgical interventions and mortality, such as 0.03% for gastric band, 0.05% for SG, 0.09% for one-anastomosis gastric bypass, 0.09% for RYGB, and 0.41% for duodenal switch[41].

CONCLUSION
Studies demonstrate that bariatric surgery, compared to non-surgical therapy, lowers mortality and the incidence of cardiovascular diseases in individuals with obesity. Most individuals with diabetes, hyperlipidemia, hypertension, and obstructive sleep apnea had their symptoms entirely resolved or improved. At the same time, the mortality rate after these complications ranges from 0% to 0.64%. QoL improvements, especially mental health.
In conclusion, we could say that, according to the literature, bariatric surgery is relatively safe. However, there is still a lack of data describing the frequency of obesity recurrences and persistent conditions. We believe there should be an individual selection of a surgical approach for different patients, according to the degree of obesity, because, as we have seen, some procedures have a much higher risk of complications. But following the analyzes described in detail regarding the ratio of long-term complications and mortality, it becomes clear that these complications have decreased to the extent that the benefit of the manipulation itself is greater than the risks involved. That is the main reason why bariatric surgery is increasingly used every year as a means of choice for patients with morbid obesity.
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Figure 1 Outcomes and effects of bariatric surgery.
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Figure 2 Early and late complications of bariatric procedures.
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