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Abstract: Metabolic and Bariatric Surgery (MBS) is an effective treatment for severe obesity and its related complications. However,
perioperative nutritional management is essential for the patient’s surgical outcome and postoperative recovery. This article reviews the
research progress in perioperative nutritional management of MBS. Preoperative nutritional assessment and optimization are essential,
including monitoring and correction of micronutrient deficiencies, such as vitamin D, iron, folic acid, to reduce the risk of post-
operative complications. In terms of preoperative dietary management, the use of a low-carbohydrate ketogenic diet (LCKD) and
ready-to-eat low-carbohydrate ketogenic product (RLCKP) showed the potential to promote weight loss and liver volume reduction,
creating favorable conditions for surgery. Strategies for preoperative weight loss (WL) need to be cautious, and moderate preoperative
WL may help to reduce surgical difficulty and postoperative complications. In addition, the application of preoperative carbohydrate
load can reduce postoperative insulin resistance and protein loss and promote postoperative recovery of patients. In terms of
postoperative nutritional management, the risk of postoperative micronutrient deficiency is significantly increased. At the same
time, the adjustment of postoperative dietary structure and rational use of nutritional supplements are important to maintain the
nutritional status of patients and promote weight management. In conclusion, perioperative nutritional management of MBS is
a multifaceted and multi-level comprehensive process that requires a multidisciplinary approach involving medical staff, dietitians,
and patients. A tailor-made approach based on the patient’s unique characteristics, such as nutritional status, surgical type, and
personal preferences, is essential to achieve the best surgical results and improvement of patients’ quality of life. Major challenges
remain in perioperative nutritional management, such as the high prevalence of preoperative malnutrition and the complexity of
postoperative nutritional deficiencies. In the future, more accurate preoperative nutritional assessment tools and personalized post-
operative nutritional supplementation strategies should be developed.
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Introduction

Obesity has emerged as a global epidemic and has a significant impact on human health and socio-economic outcomes.
According to the latest data, the total number of children with obesity, adolescents with obesity and adults with obesity
worldwide has exceeded 1 billion. In 2022, 159 million children with obese and 879 million adults with obese
worldwide. Obesity is prevalent not only in developed countries, but also rapidly spreading in low- and middle-
income countries. More than 750 million adolescents (5-19 years) worldwide are expected to be overweight or obese
by 2035."% The negative health impacts of obesity are multifaceted. Obesity is an important risk factor for non-
communicable diseases such as cardiovascular disease, type 2 diabetes, and certain cancers.’ In addition, obesity is
associated with multiple psychosocial problems, such as impaired self-esteem, social discrimination, and decreased
quality of life. Obesity in childhood and adolescence not only impacts their immediate health, but also increases the risk
of chronic diseases in adulthood.* Obesity also places a huge burden on the global economy, and the global cost of
overweight and obesity is expected to reach $3 trillion per year by 2030.
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Metabolic and bariatric surgery (MBS) has a crucial role in the treatment of severe obesity. MBS is one of the most
effective methods to achieve sustained long-term weight loss, especially for those patients who fail to achieve successful
weight loss with diet, exercise, and medical therapy. Surgery promotes a significant decrease in body weight by altering
the anatomy and function of the gastrointestinal tract, reducing the intake and absorption of food, while affecting the
appetite regulation mechanisms of patients.® MBS is not only effective in reducing body weight, but also significantly
improves or resolves a variety of metabolic diseases associated with obesity, such as type 2 diabetes, hypertension,
hyperlipidemia and obstructive sleep apnea.” The improvement of these diseases not only improves the quality of life of
patients, but also reduces long-term medical costs and the risk of death.” MBS addresses not only the physical aspects of
obesity but also significantly impacts mental health and overall patient experience. Obesity is often associated with
psychological challenges such as depression, anxiety, and low self-esteem, which can be exacerbated by social stigma
and discrimination. These psychological factors play a crucial role in the success of MBS and the long-term outcome of
patients. A comprehensive patient-centered approach that integrates psychological support and addresses patient experi-
ence is essential to optimize surgical outcomes and improve quality of life. Preoperative psychological assessment is
essential to identify patients who may be at risk for adverse mental health outcomes. This includes screening obese
people for prevalent depression, anxiety, and eating disorders. Providing psychological support and counseling before
surgery can help patients develop coping strategies and improve mental health, thereby enhancing the preparation of
surgery and postoperative recovery. Following surgery, patients’ mental health should continue to be prioritized. Many
patients experience significant lifestyle changes following MBS, which can lead to emotional and psychological
challenges." Regular follow-up with mental health professionals can help address these issues and provide ongoing
support. In addition, support groups and peer coaching programs have been shown to be beneficial in improving patient
experience and long-term adherence to lifestyle changes. Patient education and participation in decision-making
processes are critical components of a patient-centered approach. Patients should be fully informed about the surgical
procedure, potential risks, and expected outcomes. Involving patients in the development of their nutrition and lifestyle
programs can enhance their sense of control and improve compliance with postoperative recommendations. However, it
is important to note that MBS, like any surgical intervention, carries certain risks and potential complications. These may
include surgical site infections, bleeding, thromboembolic events, and anesthesia-related risks. Additionally, some
patients may experience long-term complications such as nutritional deficiencies, dumping syndrome, or gastrointestinal
reflux.® Although surgery carries certain risks and complications, its combined benefits in the treatment of severe obesity
far outweigh these potential risks, providing patients with a comprehensive and lasting solution.®* However, it is important
to note that MBS, like any surgical intervention, carries certain risks and potential complications.

Perioperative nutritional management plays a crucial role in MBS. First, in the preoperative period, the main goal of
nutritional management is to improve the nutritional status of patients and reduce the degree of malnutrition, thereby
improving the patient tolerance to surgical trauma and reducing the incidence of postoperative complications.” To
achieve this, specific interventions are essential. Preoperative dietary modifications should prioritize low-fat and low-
energy diets, which can help reduce overall caloric intake while ensuring adequate nutrient intake. Additionally, multi-
vitamin and mineral supplements, including vitamin D, iron, and folic acid, should be administered to address common
micronutrient deficiencies observed in obese patients. These supplements are crucial for optimizing nutritional status and
preventing postoperative complications such as anemia and metabolic bone disease. Reasonable nutritional therapy, such
as low-fat, low-energy diet and multivitamin and mineral supplementation, can effectively reduce the patient’s weight,
reduce liver volume, improve surgical field exposure, and increase the success rate of surgery.'®'' In addition,
preoperative nutritional management can also help patients adapt to the feeding pattern in the postoperative volume-
restricted state and reduce the loss of lean body tissue and bone mass after surgery. During the intraoperative period,
perioperative nutritional management helps to maintain blood glucose levels and fluid balance in patients and reduce the
damage of surgical stress to the body. After surgery, nutritional management focuses on promoting rapid recovery of
patients and preventing the occurrence of malnutrition.'? A low-energy, high-protein diet should be given early after
surgery to maintain muscle mass and promote wound healing. A high-protein diet typically refers to a diet that provides
at least 1.2 to 1.5 grams of protein per kilogram of body weight per day, which is higher than the general dietary
recommendation for the average adult. For example, a patient weighing 70 kg should aim to consume between 84 and
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105 grams of protein daily. This recommendation is based on evidence that higher protein intake supports muscle
preservation and overall metabolic health during the recovery phase.'> Diverse Protein Sources To achieve the
recommended protein intake, patients should be encouraged to consume a variety of protein-rich foods. These can
include: Animal Proteins: Lean meats such as chicken breast (31 grams of protein per 100 grams), turkey (28 grams of
protein per 100 grams), and fish-like salmon (20 grams of protein per 100 grams) and cod (17 grams of protein per 100
grams). Dairy products such as Greek yogurt (10 grams of protein per 100 grams) and cottage cheese (11 grams of
protein per 100 grams) are also excellent sources. Plant-Based Proteins: Legumes like lentils (9 grams of protein per 100
grams) and chickpeas (8 grams of protein per 100 grams), as well as tofu (8 grams of protein per 100 grams), provide
essential amino acids and support a balanced diet for patients who prefer or require vegetarian options. These foods not
only provide essential amino acids but also help in maintaining satiety and supporting overall health. It is important to
note that protein sources should be easily digestible, especially in the early postoperative period when patients may
experience gastrointestinal sensitivity. In addition to macronutrient management, postoperative micronutrient supple-
mentation is crucial to prevent deficiencies. Patients should receive regular supplementation with key vitamins and
minerals, including vitamin D, vitamin B12, folic acid, and iron. Supplementation should be tailored based on individual
nutritional assessments and laboratory tests to ensure adequate levels of these micronutrients. Nutritional therapy should
be started as early as possible in patients with malnutrition or nutritional risk, and enteral or parenteral nutrition support
should be used if necessary.'> In addition, long-term nutritional monitoring and supplementation are required after
surgery to prevent and correct micronutrient deficiencies and maintain the long-term nutritional status of patients.
Specifically, it is recommended to perform comprehensive nutritional assessments every 3 months in the first year
after surgery, including blood tests for micronutrients such as iron, zinc, copper, vitamin B1, B9, B12, D, A, and E, as
well as bone mineral density testing and liver and kidney function indicators. In the second year, monitoring can be
adjusted to biannual, and then at least once a year focusing on key indicators. For patients at high risk of nutritional
deficiencies, such as those with severe preoperative malnutrition or postoperative complications, more frequent monitor-
ing and personalized supplementation plans are essential. In conclusion, perioperative nutritional management runs
through the whole process of MBS and is of great significance to improve the surgical effect and promote the
postoperative recovery of patients. To maintain good weight loss, scientific nutritional management is still required
during the perioperative period.'* However, perioperative nutritional management also faces several challenges. These
include patient compliance with dietary and supplement regimens, variability in nutritional needs based on individual
factors such as surgical type and pre-existing conditions, and the necessity for long-term monitoring to prevent and
address nutritional deficiencies. Addressing these challenges is essential to optimize patient outcomes. The aim of this
literature review is to present the latest advancements in perioperative nutritional management in MBS and provide
insights for optimizing the nutrition of these patients.

Prevalence and Influencing Factors of Preoperative Malnutrition

Preoperative malnutrition is prevalent in patients with MBS and has a high incidence. Studies have shown that obese
patients have prevalent deficiencies of multiple micronutrients before surgery, including vitamin D, iron, folic acid,
vitamin B12, vitamin A, thiamine, and zinc. Preoperative vitamin D deficiency may be present in up to 76%, iron
deficiency in 6% to 50.5%, folic acid deficiency in 0% to 56%, low MCV in 19% to 47.9%, and anemia in 15.8% to
19.6%.">" This malnourished condition not only impacts the quality of life of patients, but may also increase the risk of
postoperative complications, such as anemia, neurological disorders, and metabolic bone disease.’’ > To address these
deficiencies before surgery, specific interventions are recommended based on the type and severity of the deficiency. For
patients with vitamin D deficiency, oral vitamin D supplements are typically prescribed, with the daily dose adjusted
according to serum 25(OH)D levels. The goal is to maintain serum 25(OH)D levels above 30 ng/mL. For iron deficiency,
oral iron supplements are usually the first-line treatment, although intravenous iron may be considered in cases of severe
deficiency or poor gastrointestinal absorption. Regular monitoring of serum ferritin and hemoglobin levels is essential to
assess the effectiveness of the supplementation. In cases of severe anemia, additional interventions such as intravenous
iron or even transfusions may be necessary (Table 1).
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Table I Common Micronutrient Deficiencies and Recommended Supplementation Strategies in Metabolic and Bariatric Surgery

Micronutrient | Preoperative Deficiency Prevalence Recommended Supplementation

Vitamin D Up to 76% Oral vitamin D supplements to maintain serum 25(OH)D levels above 30 ng/mL
Iron 6% to 50.5% Oral or intravenous iron, depending on severity and absorption

Folic Acid 0% to 56% Oral folic acid supplements

Vitamin BI2 Significant Oral or injectable vitamin BI2

Zinc Significant Oral zinc supplements

Vitamin A Significant Oral vitamin A supplements

Vitamin E Significant Oral vitamin E supplements

The occurrence of preoperative malnutrition is influenced by multiple factors. Obese patients usually have long-term
imbalance in dietary intake, and their diet is often dominated by foods with high calorie and low nutritional quality,
resulting in insufficient intake of micronutrients.>> Second, obesity itself decreases the bioavailability of certain nutrients,
for example, vitamin D is easily taken up by adipose tissue due to its lipid solubility, thereby reducing its concentration in
blood.** In addition, obesity-related chronic inflammation can also affect nutrient absorption and utilization, such as iron
absorption and utilization may be negatively affected by chronic inflammation. Female patients have a higher risk of
preoperative malnutrition due to menstrual blood loss and other reasons, particularly in terms of iron and vitamin
D deficiency.” Ethnic differences may also have an impact on the development of preoperative malnutrition, and dietary
habits and lifestyles vary among ethnic groups, resulting in differences in the type and degree of their nutritional
deficiencies.”

In summary, preoperative malnutrition is highly prevalent in patients those being considered for MBS, and its
occurrence is influenced by multiple factors such as dietary habits, obesity itself, chronic inflammation, gender, and
ethnicity. Tailoring nutritional interventions based on the severity of deficiencies is crucial. For mild deficiencies, oral
supplements and dietary adjustments may suffice, while more severe cases may require higher doses, intravenous
administration, or additional medical interventions. Correction of preoperative malnutrition is important to improve the
preoperative status of patients and prevent postoperative complications.

Key Indicators and Methods of Preoperative Nutritional Assessment
Preoperative nutritional assessment for weight loss is an important link to ensure the safety of surgery and postoperative
recovery. Key indicators and methods include comprehensive body composition analysis of patients, measurement of
height and weight to calculate body mass index (BMI), assessment of body fat percentage, waist circumference, hip
circumference and waist-to-hip ratio, and understanding of visceral fat area content, which are important indicators for
judging the degree of obesity and health risks.?” At the same time, micronutrient levels in blood, such as vitamin B1,
vitamin B12, vitamin A, vitamin D, zinc, and copper, as well as mineral contents such as calcium, phosphorus, iron,
potassium, sodium, and chloride, are measured to identify potential nutritional deficiencies.”®*° In addition, the nutri-
tional status and metabolic function of patients were assessed by blood tests to understand the content of macronutrients
such as protein, fat, and carbohydrates in patients.® The evaluation methods mainly include detailed history inquiry,
understanding the dietary habits, past disease history and drug use of patients; physical examination, observing the body
size, skin condition and hair distribution of patients; laboratory tests, such as blood routine, blood biochemistry, liver and
kidney function, blood glucose, blood lipid and endocrine hormone levels, such as insulin and thyroid hormone, to
evaluate the metabolic status and endocrine function of patients.'’ Through comprehensive analysis of these indicators
and methods obtained information, can comprehensively understand the nutritional status of patients, for the develop-
ment of personalized preoperative nutritional intervention program to provide the basis, reduce the risk of postoperative
complications, and promote postoperative recovery of patients.

It is also important to consider the educational and socioeconomic status of each individual with obesity during
preoperative nutritional assessment. Not all individuals have the same access to preoperative weight loss programs, and

some may not be able to afford these diets, which can sometimes be expensive. Social discrimination should also be
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taken into account when making these decisions, and certain social groups may need further support to ensure equitable
access to care. At present, the commonly used nutritional risk screening tools are Nutritional Risk Screening Scale
(NRS2002), Malnutrition Universal Screening Tools (MUST) and Mini-nutritional Assessment Short Form (MNA- SF).
NRS2002 is recommended as the preferred tool for nutritional risk screening in inpatients by multiple nutrition societies
internationally based on strong evidence-based evidence.’' However, obese patients, especially those with moderate to
severe obesity and diabetes, often have micronutrient deficiencies before surgery,®* and nutritional screening using NRS-
2002 is not accurately assessed at this time. Therefore, it is equally important for such patients to use nutritional
assessment methods for nutritional screening. The nutritional status of the body was determined by subjective and
objective methods such as clinical examination, anthropometry, biochemical examination, body composition measure-
ment, and multiple comprehensive nutritional evaluations of the patients, so as to provide all-round nutritional guidance
for the patients.*

Type and Effect of Preoperative Dietary Management

Preoperative dietary management for MBS is an essential component of surgical success and aims to achieve moderate
weight loss and improve surgical conditions. Common preoperative dietary patterns include energy restricted diets, low-
carbohydrate ketogenic diets (LCKD), and dietary regimens incorporating ready-to-eat low-carbohydrate ketogenic
products (RLCKPs).>*?

Energy restricted diets are the most commonly recommended type of preoperative diet, which promotes weight loss
by reducing caloric intake. However, this diet is associated with poorer long-term weight management outcomes and may
lead to problems such as weight rebound, increased food craving, binge eating, emotional eating, malnutrition, and eating
disorders, thereby reducing future success in changing eating behaviors. In addition, energy restricted diets may increase
the likelihood of eating disorders, food consumption anxiety, and internalization of weight stigma, adversely affecting
pre- and postoperative outcomes.>*

In contrast, LCKD showed better results in preoperative dietary management. Studies have shown that weight loss
and left lateral liver segment (LLLS) volume reduction can be safely and effectively achieved with LCKD 4 weeks
before surgery, thereby reducing the difficulty of surgery and the risk of complications. Most programs require people to
follow a low calorie low carbohydrate diet prior to surgery for between 2 to 6 weeks to reduce the size of the liver and
make the surgery safer. LCKD promotes lipolysis and energy expenditure by limiting carbohydrate intake and putting the
body into a ketogenic state. However, long-term adherence to LCKD can be challenging because it has limited sweetness
options and easily triggers a desire for traditional carbohydrate-rich foods.*> In addition, it is important that patients have
access to a dietitian to prepare for surgery. For instance, to help improve the quality of diet and eating patterns.

To address this issue, RLCKP was introduced into preoperative dietary management. RLCKP helps patients adhere
more easily to LCKD by replicating the texture and flavor of traditional foods while maintaining low carbohydrate
content. The study showed that a 4-week preoperative dietary regimen with RLCKP significantly reduced body weight
and LLLS volume, with high patient compliance and satisfaction. The use of RLCKP improves adherence to ketogenic
diet regimens and helps to improve the effect of preoperative diet management.*® Patients following an LCKD may
experience significant changes in hunger and mood. Studies have shown that while LCKD can effectively promote
weight loss, some patients may report increased feelings of hunger or irritability during the initial adaptation phase.
However, with proper support and counseling, these symptoms can be managed, and patient satisfaction can be
improved. The use of RLCKP can further enhance patient compliance by providing more palatable and familiar food
options, thereby reducing the psychological burden associated with dietary changes.>®

Overall, the types of preoperative dietary management for MBS are diverse, and different dietary regimens have their
own advantages and disadvantages. Although energy-restricted diets are widely used, their long-term effects and effects
on eating behavior cannot be ignored. LCKD and RLCKP dietary regimens have shown good results in promoting weight
loss and improving surgical conditions, but further studies are still needed to optimize dietary regimens and improve
patient compliance, so as to provide more scientific and effective preoperative dietary management strategies for MBS
patients.
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Necessity and Strategy of Preoperative Micronutrient Supplementation
MBS is an effective treatment for severe obesity and its related complications, however, preoperative and postoperative
micronutrient deficiencies are prevalent in patients with MBS and may lead to a variety of complications, such as anemia,
neurological diseases and metabolic bone diseases, which seriously affect the quality of life of patients and surgical
outcomes. Therefore, preoperative micronutrient supplementation appears particularly necessary.”>*’ Preoperative micro-
nutrient supplementation can not only correct the existing nutritional deficiency status of patients, optimize their
nutritional status, create a good physiological basis for surgery, but also prevent the further deterioration of postoperative
nutritional deficiency to a certain extent. Studies have shown that preoperative micronutrient deficiency is an important
predictor of postoperative deficiency, and preoperative identification and treatment of these nutritional deficiencies can
effectively prevent the deterioration of postoperative nutritional status, reduce the incidence of postoperative complica-
tions, and promote postoperative recovery of patients.”

When developing preoperative micronutrient supplementation strategies, patients first need to undergo
a comprehensive nutritional assessment, including a detailed history, physical examination, and relevant laboratory
tests, such as blood routine, serum ferritin, vitamin D, folic acid, and vitamin B12 measurements, to accurately
understand the specific nutritional deficiency of patients. On this basis, a personalized supplementation program is
developed according to the type and degree of micronutrients deficient in the patient. For patients with vitamin
D deficiency, oral vitamin D supplements can be used, and the daily dose of supplementation depends on serum 25
(OH) vitamin D levels, and it is generally recommended to maintain serum 25 (OH) vitamin D levels above 30 ng/mL.*®
For patients with iron deficiency, oral iron or intravenous iron supplementation can be given, and changes in serum
ferritin, hemoglobin and other indicators should be monitored to assess the effect of supplementation; patients with folic
acid and vitamin B12 deficiency can be corrected by oral or injection of the corresponding supplement.®”

In the selection of supplementary methods, oral supplements are the most commonly used modality and have the
advantages of convenience and economy, but their absorption may be affected by factors such as gastrointestinal function
and drug interactions of patients, so patients’ compliance and supplementary effects need to be closely monitored during
supplementation, and other routes of administration such as intramuscular injection or intravenous infusion can be
considered when necessary to improve the supplementary effect.* In addition, the timing of micronutrient supplementa-
tion before surgery also needs to be reasonably scheduled, and it is generally recommended that supplementation be
started several weeks before surgery in order to give the patient sufficient time to correct the nutritional deficiency state
while avoiding the potential risks resulting from supplementation near the time of surgery.*' It is worth noting that
preoperative micronutrient supplementation is not a once and for all measure, and it is still necessary to continuously pay
attention to the nutritional status of patients after surgery, and timely adjust the supplementation regimen according to the
postoperative recovery and changes in nutritional requirements to ensure that patients can maintain a good nutritional
status and promote health throughout the perioperative period and long-term follow-up after surgery.

Nutritional Management After MBS

Following MBS, patients often face a variety of nutritional deficiencies, and the types, mechanisms, and risk factors of
these deficiencies are complex. These deficiencies not only affect the quality of life of patients, but may also lead to
complications such as anemia, neurological diseases, and metabolic bone diseases in severe cases.*” The mechanism of
nutritional deficiency is mainly related to physiological changes after surgery. On the one hand, surgery will change the
anatomy of the digestive tract, such as reduced gastric capacity, reduced intestinal absorption area, etc., thus affecting the
intake of food and nutrient absorption. For example, after gastric bypass surgery, food bypasses parts of the stomach and
small intestine, resulting in decreased absorption of vitamin B12 and iron. On the other hand, patients may experience
dyspeptic symptoms such as nausea and vomiting after surgery, further limiting the intake of food.*® In addition,
decreased gastric acid secretion after surgery can also affect the absorption of nutrients, such as vitamin B12 requires
intrinsic factors in gastric acid to be absorbed. Finally, risk factors for postoperative nutritional deficiencies include
patient gender, BMI, ethnicity, etc.** Female patients are more likely to present with iron deficiency and anemia due to

physiological characteristics, such as menstrual blood loss. Patients with a higher degree of obesity may have nutritional
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deficiencies before surgery due to long-term unbalanced diet, and the risk is further increased after surgery.* People of
different ethnic groups may also be at different risk of nutritional deficiencies due to differences in dietary habits and
genetic factors. For example, people of certain ethnic groups may be more vulnerable to vitamin D deficiency.?
Therefore, for patients with MBS, nutritional assessment and management before and after surgery are essential to
prevent and correct nutritional deficiencies and ensure patient health and surgical outcomes. Additionally, post-bariatric
hyperinsulinemic hypoglycemia (PBHH) is an increasingly recognized complication, especially after Roux-en-Y gastric
bypass (RYGB). This condition can significantly affect the quality of life of patients and requires strict dietary
instructions to avoid its occurrence. According to a recent study by Kehagias et al,** PBHH was observed in
a considerable proportion of patients after laparoscopic Roux-en-Y gastric bypass, particularly among those with obesity
and type 2 diabetes. The study highlighted the importance of close monitoring and dietary management to prevent and
manage this complication. Patients are advised to follow a structured meal plan with frequent small meals and avoid
high-carbohydrate foods to minimize the risk of hypoglycemia.

Long-term micronutrient deficiencies after MBS can lead to significant health issues, such as osteoporosis from
chronic vitamin D deficiency and persistent anemia from iron deficiency.'” Regular nutritional monitoring and persona-
lized supplementation are crucial for managing these deficiencies. Patients should undergo periodic screening for key
nutrients (eg, iron, vitamin D, B12) and bone mineral density testing to assess osteoporosis risk.*’ Personalized
supplementation plans should be developed based on individual deficiencies and adjusted over time. Additionally, dietary
education and lifestyle modifications, such as maintaining a balanced diet and avoiding high-sugar foods, are essential for
long-term health. Effective long-term nutritional management requires collaboration among dietitians, surgeons, endo-
crinologists, and psychologists. Each professional plays a critical role in supporting the patient’s nutritional needs and
overall well-being.*®

The structure and habits of the diet also need to be adjusted after surgery. Patients should avoid foods high in sugar,
fat, and salt and choose foods low in calories and fiber to help control weight and prevent the recurrence of obesity. At
the same time, patients should be encouraged to develop good eating habits, such as regular quantitative eating, chewing
slowly, etc., to promote digestion and absorption. Diversity in diet is also important and should include a variety of
vegetables, fruits, whole grains, and high-quality protein sources to ensure that patients have access to comprehensive
nutrition.*’

Postoperative nutritional monitoring is essential for patients receiving MBS, as surgery may lead to problems such as
decreased food intake, poor nutritional absorption, etc., causing multiple nutritional deficiencies.*” Trace element and
vitamin levels, such as iron, zine, copper, vitamin B1, B9, B12, D, A, E, etc., these nutrients are easily deficient after
surgery, and their plasma concentrations need to be measured regularly to assess whether the patient has the correspond-
ing nutritional deficiency; bone mineral density testing, monitoring bone mineral density changes by DEXA and other
methods to assess the risk of osteoporosis, because vitamin D deficiency and calcium malabsorption may lead to
osteoporosis; liver and kidney function indicators, such as transaminases, bilirubin, urea nitrogen, creatinine, etc.,
these indicators can reflect the overall metabolic status and organ function of patients and indirectly indicate nutritional
status.’® In terms of monitoring frequency, it is recommended to perform a comprehensive nutritional monitoring every 3
months in the first year after surgery, including all the above indicators, timely identify nutritional problems and
intervene; the second year can be adjusted to biannual monitoring; and then at least once a year, focusing on blood
routine, serum protein levels and trace elements, vitamin levels and other key indicators.”’ The frequency of monitoring
should be appropriately increased in patients at special nutritional risk, such as those with more postoperative complica-
tions, severely inadequate nutritional intake, or specific nutritional deficiency symptoms. Timely intervention for
nutritional deficiencies is essential, and once nutritional deficiencies are detected, appropriate supplementation measures
should be taken according to the type and degree of nutrients specifically deficient.’* For patients with iron deficiency
anemia, oral iron or intravenous iron supplementation can be given if necessary, and dietary structure can be adjusted to
increase iron-rich food intake; vitamin D deficiency requires vitamin D supplementation, oral or injectable formulations
can be selected, and appropriate sun exposure can be encouraged to promote vitamin D synthesis in the body; for patients
with protein malnutrition, nutritional status can be improved by increasing high-quality protein food intake or protein
supplementation. At the same time, nutrition education should also be strengthened to guide patients to reasonably
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arrange their diets, avoid bad eating habits such as partial eclipse and picky eating, ensure balanced nutritional intake,
and promote postoperative recovery.18 Perioperative nutritional management in MBS should be tailored to the unique
needs of each patient, considering factors such as age, pre-existing comorbidities, and ethnic background. These factors
can significantly influence nutritional outcomes and require specific attention.

Collaboration of multidisciplinary teams is essential during postoperative nutritional management. Professionals such
as dietitians, surgeons, endocrinologists, and psychologists should participate in the development of nutritional assess-
ment and management plans for patients. Dietitians are responsible for providing personalized dietary advice and
nutrition education, surgeons and endocrinologists adjust treatment options according to the specific circumstances of
patients, and psychologists help patients cope with psychological problems that may occur after surgery, such as anxiety
and depression, which may affect the patient ‘dietary behavior and nutritional status.>>

Perioperative nutritional management also varies between specific patient groups in metabolic versus bariatric
surgery. Elderly patients may have more complex nutritional problems due to physiological hypofunction. With age,
gastrointestinal function decreases, the absorption capacity of nutrients weakens, and deficiencies of nutrients such as
protein, vitamin B12, and calcium are more likely to occur. Therefore, more meticulous examination of these nutrient
levels is required during preoperative nutritional assessment. At the same time, elderly patients may have sarcopenia, and
muscle mass and function should be assessed emphatically preoperatively and judged by measuring grip strength, gait
speed, and other indicators.® Older patients recover more slowly after surgery and may have longer hospital stays.
Postoperative nutritional support should pay more attention to maintaining muscle mass and improving physical function,
and appropriately increase protein intake, such as by whey protein supplementation. In addition, due to the decreased
ability of the elderly to metabolize and excrete drugs, attention should be paid to drug interactions when nutritional
preparations are supplemented postoperatively to avoid affecting the efficacy of other drugs or increasing adverse
reactions.>® For diabetic patients, preoperative glycemic control is essential. Blood glucose management should be
optimized before metabolic and bariatric surgery to avoid increased surgical risk due to hyperglycemia. In preoperative
dietary management, in addition to conventional low-calorie diets, the proportion and type of carbohydrate intake can be
appropriately adjusted, and foods with low glycemic index can be selected to help better control blood glucose. At the
same time, blood glucose changes should be closely monitored, hypoglycemic drug doses should be adjusted according
to blood glucose levels, and hypoglycemic regimens should be optimized in cooperation with endocrinologists if
necessary.” Cardiac function and nutritional status should be assessed preoperatively in patients with cardiovascular
disease. In nutritional management, sodium intake should be restricted to reduce edema and cardiac burden. At the same
time, adequate protein intake is ensured to maintain myocardial function. For patients with hypertension, preoperative
diet should pay attention to blood pressure control, avoid high-salt, high-fat foods, and increase the intake of foods rich in
potassium and magnesium, such as green leafy vegetables and fruits, which helps to reduce blood pressure.?’ Diet habits
vary significantly among ethnic groups, which can influence the development of nutritional management programs. The
diet of people in the Mediterranean region is rich in olive oil, fish, vegetables and fruits, and this diet is rich in
unsaturated fatty acids, vitamins and minerals. For patients from the Mediterranean region, preoperative dietary manage-
ment can appropriately adjust the intake ratio of olive oil and fish to meet nutritional needs. However, some people in
Asia mainly eat cereals, and vegetable and fruit intake is relatively small, and it is necessary to increase vegetable and
fruit intake and improve nutritional structure before surgery.**

In conclusion, nutritional management after MBS is a long-term and integrated process that requires the joint efforts
of patients, families, and medical teams. Through reasonable dietary modification, nutritional supplementation and
multidisciplinary collaboration, the occurrence of postoperative nutritional deficiency and other complications can be
effectively prevented, and the health recovery and quality of life of patients can be promoted.

Challenges in Perioperative Nutritional Management

Perioperative nutritional management plays a crucial role in MBS, but it also faces many challenges. Malnutrition and
micronutrient deficiencies are prevalent in obese patients preoperatively. Preoperative vitamin D, iron, folic acid, vitamin
B12 and other nutrients deficiencies are high due to long-term unbalanced diets and obesity-related physiological
changes, such as reduced bioavailability of vitamin D and chronic inflammation affecting iron absorption. Obese patients
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often have a long history of restricted diets and fluctuations in body weight, resulting in depletion of fat-free mass (FFM),
further exacerbating the risk of malnutrition.”® The assessment and optimization of preoperative nutritional status is
particularly important, but there is no uniform consensus and standard in the definition of preoperative nutritional
evaluation, the selection of screening markers, the determination of pathological cut-off values, and the dose of
nutritional supplements, which poses a challenge to clinical practice.

Entering the postoperative phase, challenges in nutritional management escalated further. Patients are more prone to
nutritional deficiencies after MBS due to factors such as reduced food intake, anatomical changes leading to inadequate
nutrient absorption, and decreased gastric acid and endoplasmic reticulum secretion. Especially for some malabsorptive
procedures, such as biliopancreatic diversion plus duodenal switch (BPD-DS), the risk of postoperative nutritional
deficiencies is higher.”® Postoperative nutritional deficiencies not only affect the quality of life of patients, but may
also lead to serious complications, such as anemia, neurological diseases and metabolic bone diseases. Therefore, long-
term and even life-long monitoring and supplementation of nutrients are required after surgery to prevent and correct
nutritional deficiencies. However, the individual differences of patients after surgery are large, different surgical types,
basic nutritional status of patients, dietary habits and other factors will affect the effect of nutritional management, how to
develop individualized nutritional supplementation program is still a difficult problem.

Future research directions can be developed from the following aspects: First, to strengthen standardized and refined
studies of preoperative nutritional assessment. To develop more accurate and comprehensive preoperative nutritional
assessment tools and indicators to identify cut-off values for different nutrient deficiencies in order to better identify
patients with preoperative malnutrition and provide a basis for preoperative nutritional intervention. Second, to deeply
explore the best program of preoperative nutritional intervention. To investigate the effects of different nutritional
supplements on preoperative nutritional status and prevention of postoperative nutritional deficiency, and provide more
scientific and effective preoperative nutritional intervention strategies for clinical practice. In addition, optimization of
postoperative nutritional management is also the focus of future research. Further studies are needed to investigate
changes in nutritional requirements at different stages after surgery, explore individualized nutritional supplementation
regimens, and how to improve patient compliance with nutritional supplementation. At the same time, attention should
also be paid to the impact of postoperative nutritional deficiency on the long-term health of patients, and long-term
follow-up studies should be carried out to evaluate the impact of different nutritional management strategies on post-
operative complications, quality of life and long-term prognosis of patients, providing a strong evidence-based basis for
the continuous improvement of perioperative nutritional management.

Summary

Perioperative nutritional management has a crucial role in MBS. Preoperative nutritional assessment and intervention are
essential to improve surgical success. Through preoperative nutritional support, the nutritional status of patients can be
improved and the incidence of postoperative complications can be reduced, thereby improving the success rate of
surgery. Nutritional management is also essential after surgery. Following MBS, patients may be at risk of deficiencies in
nutrients such as protein, vitamin D, calcium, iron, vitamin B12, and folic acid. Deficiencies in these nutrients not only
affect the physical health of patients, but may also lead to a decrease in quality of life. Good nutritional management can
further enhance this improvement, help patients better adapt to the postoperative lifestyle, and improve their quality of
life. In order to further optimize the nutritional management strategy during the perioperative period of MBS, future
research and practice need to be explored and improved in the following aspects: First, a more personalized and precise
nutritional management program needs to be developed and adjusted according to the specific circumstances and
nutritional needs of patients. Second, collaboration among multidisciplinary teams, including dietitians, surgeons,
endocrinologists, etc., should be strengthened to jointly develop and implement nutrition management programs. In
addition, education and guidance for patients and their families should be strengthened to improve their awareness and
compliance with the importance of nutritional management. Through these efforts, the nutritional needs of patients in the
perioperative period can be better met, and the success rate of surgery and the long-term quality of life of patients can be
improved. Moreover, it is important to address the significant challenges discussed in this review, such as the high
prevalence of preoperative malnutrition and the complexity of postoperative nutritional deficiencies. Future research is
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essential to develop more accurate preoperative nutritional assessment tools and personalized postoperative nutritional

supplementation strategies to optimize perioperative nutritional management.
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