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EFFECTS OF BARIATRIC SURGERY ON OBESITY 

JOSIAH PAUL ARCE 

ABSTRACT 

Obesity has grown to be a global pandemic, posing severe health risks, and in the United 

States, it affects more than two in five adults. Individuals with severe obesity may see 

their life expectancy reduced by 5 to 20 years. This condition is simply defined as having 

an excessive accumulation of adipose tissue, and assessing its health risks is more 

accurately done by evaluating fat distribution rather than relying solely on Body Mass 

Index. In addition to BMI, key metrics such as waist circumference and waist-to-hip ratio 

are essential in this assessment. The King’s Obesity Staging Criteria (KOSC) offers a 

thorough evaluation of obesity, taking into account physical, psychological, 

socioeconomic, and functional domains. Obesity is linked to a wide range of 

comorbidities, which include Obesity Hypoventilation Syndrome, Obstructive Sleep 

Apnea, Metabolic Syndrome, Cardiovascular Disease, Type 2 Diabetes Mellitus, 

Dyslipidemia, and various forms of cancer—all of which are influenced by fat 

distribution and hormonal factors. While lifestyle modifications are the cornerstone of 

non-invasive treatment, their effectiveness is largely dependent on patient commitment. 

This can be enhanced through FDA-approved medications, although these can be 

prohibitively expensive. Bariatric surgery, more specifically Laparoscopic Sleeve 

Gastrectomy and Roux-en-Y Gastric Bypass, serves as an effective long-term treatment 

option. These surgical procedures have been shown to significantly reduce excess weight, 

lower mortality rates, and improve associated comorbidities. However, some patients 
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may experience Insufficient Weight Loss (IWL) or Weight Regain (WR) following 

surgery. Therefore, it is crucial to pair bariatric surgery with lifestyle modifications, 

regular physical activity, nutritional counseling, pharmacotherapy, and mental health 

support to achieve sustained weight management.  
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INTRODUCTION 

Obesity 

Obesity is a growing chronic problem, now considered a global pandemic. The 

Behavioral Risk Factor Surveillance System (BRFSS, a subsection of the Centers for 

Disease Control and Prevention) works alongside the state Department of Health to 

generate estimated obesity rates in the US via either phone call surveys, or surveys 

provided by the National Center for Health Statistics which may be referred to as the 

National Health and Nutrition Examination Survey (NHANES). Recent figures from 

BRFSS show an observed obesity rate of 30.9% while NHANES reported estimates of 

around 42.4% from 2017-20183, with the discrepancies likely sourced from the surveys’ 

self-report bias. With more than 2 in 5 adults having obesity, including 1 in 11 adults 

(9.2%) who have severe obesity, the estimated life expectancy is reduced by 5-20 years 

(Hales et al., 2020). Among the afflicted population, myocardial infarction and cancer are 

the two most common causes of mortality (Boutari & Mantzoros, 2024). 

 

In terms of the underlying physiological mechanisms behind the disease, obesity is 

marked by an excessive buildup of adipose tissue, leading to detrimental health impacts.  

(O’Rahilly & Farooqi, 2022). According to the World Health Organization (WHO), a 

metric of obesity includes the Body Mass Index (BMI). BMI is determined by dividing 

weight in kilograms (kg) by the square of their height in meters (m2). BMI is classified 

into multiple sections: a BMI below 18.5 kg/m2 is underweight, 18.5-24.9 kg/m2 is 

normal weight, 25-29.9 kg/m2 is overweight, and anything above 30 kg/m2 is grouped 
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within the obesity range. Obesity is further divided into 3 classes: class I consists of a 

BMI between 30.0-34.9 kg/m2, class II BMI is between 35.0-39.9 kg/m2, and class III 

BMI is between  40.0-49.9 kg/m2. Class III obesity is also generally referred to as severe, 

extreme, or massive obesity (Weir & Jan, 2023). The steeper the BMI, the higher the risk 

of co-morbidities and increased mortality rates, thus decreasing BMI and losing weight is 

the ultimate goal for patients with severe obesity (Coelho et al., 2021). 

 

Classification Obesity Class BMI (kg/m!) 

Underweight 
 

>18.5 

Normal 
 

18.5-24.9 

Overweight 
 

25.0-29.9 

Obesity I 30.0-34.9 

Severe Obesity II 35-39.9 

Morbid Obesity III 40.0-49.9 

Table 1: Classification of BMI and Obesity (Adapted from Abdelaal et al., 2017) 

 

However excess adipose tissue mass does not directly correlate to the same mortality 

risks across cases since the symptoms depend on the location of the excess mass 

(Mohapatra et al., 2020). Although it is generally accepted as the first step in identifying 
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the degree of obesity in an individual, BMI levels alone are insufficient in diagnosing the 

health risk in terms of the presence of comorbidities due to the characteristics of the 

different tissue activities. Thus, fat distribution is an essential factor to examine because 

it considers the adiposity of the individual (Sørensen et al., 2022). In women, fat is stored 

in the buttocks, thighs, upper arms, and subcutaneous tissues. Meanwhile, fat tends to be 

stored in intra-abdominal and truncal subcutaneous areas in men (O’Rahilly & Farooqi, 

2022). The fat around internal organs can be monitored using waist circumference (WC) 

to assess the risk of visceral obesity. The goal for WC is typically less than 102 cm in 

men and less than 88 cm in women (Abdelaal et. al., 2017).  

 

In addition to the WC, the waist-to-hip ratio determines an individual’s fat distribution 

and can be measured by comparing the differences between the waist and hip 

circumference. Ratios higher than 1.0 in men and 0.9 in women are associated with 

adverse health concerns like Type 2 Diabetes Mellitus (T2DM, a chronic condition that 

affects the body’s way of processing sugar) and dyslipidemia (an imbalance of lipid 

levels in the bloodstream) (O’Rahilly & Farooqi, 2022). 

 

To properly define clinically severe obesity, the primary staging tool used is called 

King’s Obesity Staging Criteria (KOSC). KOSC not only assesses the physical condition 

of the patient, but it also considers the psychological, socioeconomic, and functional 

aspects of the patient. There are 12 domains (referenced as A-I) and each domain 

corresponds to a specific criteria that characterizes the condition stage. Additionally, each 
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domain contains 4 stages (marked 0-3) that range from stage 0: normal health to stage 3: 

advanced disease. Patients are tested on each domain while tracking the diagnosed stages 

per domain. Intensive treatment options like bariatric surgery may be considered if the 

patient’s score is high on several domains of the staging tool (Valderhaug et al., 2016). 

 

Criteria 

Stage 0 

‘Normal 

health’ 

Stage 1 

‘At risk of 

disease 

Stage 2 

‘Established 

disease’ 

Stage 3 

‘Advanced 

disease’ 

Airway sleep Normal Snoring 
Apnea require 

CPAP 

Cor 

pulmonale 

BMI (kg/m2) <30 30–35 35–50 >50 

Cardiovascular 
<25% 

risk 
>25% risk Heart disease Heart failure 

Diabetes Normal 

Impaired 

fasting 

glycemia 

Type 2 diabetes 

Uncontrolled 

type 2 

diabetes 

Economic Normal 
Suffered 

discrimination 

Unemployed due 

to obesity 

Requires 

financial 

support 
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Criteria 

Stage 0 

‘Normal 

health’ 

Stage 1 

‘At risk of 

disease 

Stage 2 

‘Established 

disease’ 

Stage 3 

‘Advanced 

disease’ 

Airway sleep Normal Snoring 
Apnea require 

CPAP 

Cor 

pulmonale 

BMI (kg/m2) <30 30–35 35–50 >50 

Functional 

Can 

manage 3 

flights of 

stairs 

Manage 1 or 2 

flights of stairs 

Manage <1 flight 

of stairs or requires 

walking aids 

Housebound 

Gonadal Normal 
Irregular 

periods 
PCOS/impotence Infertility 

Health status Normal 
Low mood or 

QoL 

Moderate 

depression or poor 

QoL 

Severe 

depression 

Image Normal 

Does not like 

looking in 

mirror 

Avoid 

mirrors/body 

image dysphoria 

Severe eating 

disorder 

Junction 

gastroesophageal 
Normal Heartburn Esophagitis 

Barrett 

esophagus 
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Criteria 

Stage 0 

‘Normal 

health’ 

Stage 1 

‘At risk of 

disease 

Stage 2 

‘Established 

disease’ 

Stage 3 

‘Advanced 

disease’ 

Airway sleep Normal Snoring 
Apnea require 

CPAP 

Cor 

pulmonale 

BMI (kg/m2) <30 30–35 35–50 >50 

Kidney Normal Proteinuria GFR <60 mL/min 
GFR <30 

mL/min 

Liver Normal 
Raised 

LFT/NAFLD 
NASH Liver failure 

Table 2: King’s Obesity Staging Criteria (Adapted from (Coelho et al., 2021) 

 

Obesity and Comorbidities 

Airways 

A condition known as Obesity Hypoventilation Syndrome (OHS) is characterized by 

elevated levels of carbon dioxide, reduced oxygen levels, and sleep-disordered breathing, 

all associated with obesity (Gruzdeva et al., 2019). One of the pathogenesis of OHS 

involves leptin, a hormone produced by adipose tissues. Leptin is responsible for 

suppressing appetite, enhancing metabolic rate, and, in the case of OHS, stimulating the 

control of breathing. Constantly elevated levels of leptin causes a reduction in the 

sensitivity of the leptin receptors, a phenomenon known as leptin-induced leptin 
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resistance. Due to the direct correlation between leptin levels and adipose mass, obese 

individuals typically exhibit elevated leptin levels. Since leptin works to suppress 

appetite, leptin resistance emphasizes the increased appetite in those with diet-induced 

obesity, contributing to a further increase in leptin levels, furthering leptin resistance, 

causing a vicious cycle. As a result, the building resistance to leptin hinders breathing 

control (Amorim et al., 2022). 

 

Another related comorbidity is Obstructive Sleep Apnea Syndrome (OSAS/OSA), the 

most common form of sleep-disordered breathing associated with OHS (Masa et al., 

2019). In OSAS, the upper airways have obstructions or collapse during sleep. Symptoms 

of OSAS include loud snoring, gasping, and apnea while asleep. During the daytime, 

someone with OSAS can be excessively sleepy, unmotivated, have memory issues, or 

have morning headaches (Rundo, 2019). The severity of OSA is assessed using the AHI, 

which calculates the number of apneas and hypopneas per hour of sleep. According to the 

AHI score, OSA severity is classified as follows: normal (less than 5 events/hour), mild 

(5-14.9 events/hour), moderate (15-29.9 events/hour), and severe (more than 30 

events/hour). In cases of severe obesity, when the body weight increases by 10%, it 

results in a sixfold amplification in moderate to severe OSA. This, in turn, increases the 

AHI calculation by 32% which intensifies the frequency of hypoxia episodes 

(Wyszomirski et al., 2023). Continuous positive airway pressure (CPAP) is the golden 

standard for the treatment of OSA, an aid for breathing through the night while the 

patient is asleep by manually providing them with air (Wong et al., 2018). 
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Additionally, An alternative measure to screen excess body weight can be suggested is 

using Neck Circumference (NC). The upper airways may be compressed by the 

parapharyngeal neck as depicted in animal studies (Ogilvie & Patel, 2017). The KOSC 

determines a patient’s stage in the airway domain category, based on NC data where 

measurements higher than 43 cm (Stage 1, at risk of disease) is related to a potential 

increase in AHI and measurements below 43 cm consist of more persistent breathing 

(Stage 0, Normal health) (Valderhaug et al., 2016). 

 

Metabolic Syndrome  

An important syndrome to look at when considering obesity is metabolic syndrome 

(MetS). For someone to have MetS, they may have a combination of insulin resistance, 

low High Density Lipoprotein (HDL), high triglyceride levels, high blood pressure, 

elevated blood glucose levels, or central obesity.  The condition is often associated with 

Cardiovascular Disease (CVD), T2DM, and Dyslipidemia (Fahed et al., 2022). Severe 

obesity is a significant risk factor for developing MetS, because the adipose tissue is an 

endocrine organ that releases adipokines, cytokines, and free fatty acids (Nilsson et al., 

2020). Excess adipose tissue, especially in the abdominal area, disrupts normal metabolic 

processes. The most common metabolic disorder in obesity is insulin resistance or 

hyperinsulinemia which will be elaborated in more detail in subsequent sections. 

 

Cardiovascular Disease 
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Abdominal obesity is strongly associated with visceral adipose tissue (VAT), the fat that 

is stored in the abdominal area and surrounding internal organs such as the liver, 

pancreas, intestines,  kidneys, and stomach. VAT is the most metabolically active adipose 

tissue, strongly associated with risk of CVD compared to subcutaneous fat, which is fat 

stored under the skin. Weight from subcutaneous fat typically does not pose a risk in 

CVD due to it being less metabolically active. Metabolically active adipose tissue means 

increased systemic and vascular inflammation which can cause Coronary Artery Disease 

(CAD) through the development of atherosclerosis. Ectopic fat deposits can accumulate 

in locations such as the pericardial sac and epicardial spaces, as well as between the 

visceral layer of the pericardium and the outer wall of the myocardium, also known as 

visceral fat. These fat locations are associated with high BMI and high CVD risks. These 

increased epicardial adipose tissue can also be associated with arrhythmias including 

atrial fibrillation (AF) or ventricular arrhythmias (Powell-Wiley et al., 2021). BMI is also 

associated with arrhythmias. A study from Duvall et al., 2021states that for every 5-unit 

increase in BMI risk of AF increases by 29%, and the risk of sudden cardiac death 

increases by 16% (Duvall et al., 2021). Additionally, an increase of 0.1 unit in waist-to-

hip ratio is related to an 82% increase in relative risk for sudden cardiac death, based on 

eight and three studies, respectively (Aune et al., 2018).  

 

Obesity can also increase the risk of high blood pressure, known as Hypertension (HTN). 

It is defined as a systolic blood pressure of over 140 mmHg and a diastolic blood pressure 

of over 90 mmHg. Normal HTN is defined as under 120/80.  In the US, the prevalence of 
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HTN is 43.6% in obese patients. Regardless of obesity level, it is estimated that the risk 

of HTN increases by 20-30% for every 5% increase in body weight. The association 

between obesity and HTN is influenced by leptin. Elevated plasma leptin levels, a 

common characteristic of obesity (as previously mentioned in Airways), can activate the 

sympathetic nervous system which is the key mechanism of obesity-induced HTN. When 

the sympathetic nervous system is triggered, the blood pressure of the individual rises 

(Samson et al., 2020). 

 

Type 2 Diabetes Mellitus 

Excess fat in the body, especially in the abdominal region, is strongly tied to insulin 

resistance.  As stated before, obesity is linked to increased free fatty acids in the 

bloodstream. The bloodstream then undergoes an increase in the amount of reactive 

oxygen species due to the free fatty acids, which are high contributors to insulin 

resistance. Insulin resistance leads to a sizable quantity of glucose being left in the 

bloodstream, causing beta cells in the pancreas to then produce more insulin to 

compensate. The cyclical pattern of insulin resistance inhibiting glucose uptake strains 

the pancreas until it eventually becomes overworked and insulin production drops 

altogether. Moreover, any insulin the pancreas manages to produce essentially has 

negligible effects – an indication of T2DM (Abdelaal et. al., 2017). The diagnosis of 

T2DM is measured using the percentage of glycated hemoglobin A1c. A1c levels below 

5.7% is normal, between 5.7% to 6.4% is prediabetes, and above 6.5% indicates diabetes 

(Arterburn et al., 2020). According to the CDC, an estimated 38.4 million people in the 
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US have diabetes from 2017-2020 and of that population, 62.8% of US adults have 

obesity (!"#$%&"'()$"*+#+,(-#"#$,#$.,(/+0%1#, 2024). The abundant overlap between 

obesity and T2DM can be described as Diabesity. In terms of the relationship between 

obesity and T2DM, the risk of developing T2DM increases by 20% for every increase in 

BMI by 1 kg/m2. The risk jumps to 100% when BMI rises to between 27.2 to 29.4 kg/m2 

and 300% if the BMI is greater than 29.4 kg/m2 (Abdelaal et. al., 2017). 

 

Dyslipidemia 

Excessive fat storage results in increased triglyceride levels, a surge in low-density 

lipoproteins (LDL), and a decrease in HDL. 70% of obese patients are affected by the 

excessive fat storage the imbalance, often referred to as metabolic dyslipidemia, is 

primarily driven by insulin resistance (Lim & Boster., 2024). Insulin, when it penetrates 

adipose tissue, inhibits lipolysis - the process that breaks down triglycerides into free 

fatty acids (FFAs) and glycerol. However, insulin resistance reduces the amount of 

insulin transported into the adipose tissue, leading to an increased breakdown of 

triglycerides into FFAs. The rise in FFAs in the bloodstream triggers additional synthesis 

of cholesterol esters and triglycerides, which subsequently leads to an increased 

proportion of very-low-density lipoproteins (VLDLs) saturated with triglycerides. The 

shift activates the cholesteryl ester transfer protein (CETP), which transports triglycerides 

from VLDLs into HDLs, accelerating its clearance and thus reducing HDL levels. The 

remnants of VLDLs transform into LDLs, which are more atherogenic and hence, 

contribute to the risk of CVD (Ormazabal et al., 2018). 
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Cancer 

According to the International Agency for Research on Cancer (IARC),excess body fat is 

correlated to an elevated risk of cancer in 13 different anatomical sites. While the exact 

mechanisms of how obesity might amplify cancer risk are still under further 

investigation, no direct causal link between obesity and cancer has been established 

(Avgerinos et al., 2019). However other health risks tied to excess fat, such as MetS, 

could potentially account for the heightened cancer risk. Elevated insulin levels, a 

common occurrence in obesity, may foster the growth of colon, kidney, prostate, and 

endometrial cancers. Additionally, adipose tissue is a source of estrogen production, and 

high levels of estrogen have been linked to increased risks of heart, endometrial, ovarian, 

and several other cancers. Furthermore, the risk of cancer escalates with the degree of 

excess weight and duration of obesity (National Cancer Institute, 2022). 

 

Cancer type (reference) 
Compared with people without obesity or 

overweight, this cancer is 

Endometrial (9, 10) 

7 times as likely in people with severe obesity* 

2–4 times as likely in people with obesity or 

overweight 

Esophageal adenocarcinoma 

(11) 

4.8 times as likely in people with severe obesity 

2.4–2.7 times as likely in people with obesity 
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1.5 times as likely in people with overweight 

Gastric cardia (12) 2 times as likely in people with obesity 

Liver (13, 14) 2 times as likely in people with obesity or overweight 

Kidney (15, 16) 2 times as likely in people with obesity or overweight 

Multiple myeloma (17) 
1.1–1.2 times as likely in people with obesity or 

overweight 

Meningioma (18) 
1.5 times as likely in people with obesity 

1.2 times as likely in people with overweight 

Pancreatic (19) 1.5 times as likely in people with obesity or overweight 

Colorectal (20) 1.3 times as likely in people with obesity 

Gallbladder (21, 22) 
1.6 times as likely in people with obesity 

1.2 times as likely in people with overweight 

Breast 

Postmenopausal (23, 24) 

 

Premenopausal** (24, 25) 

1.2–1.4 times as likely in people with obesity or 

overweight 

1.2 times as likely for every 5-unit increase in BMI 

0.8 times as likely in people with obesity or overweight 

Ovarian*** (26, 27) 1.1 times as likely for every 5-unit increase in BMI 

Thyroid (28) 
1.3 times as likely in people with obesity 

1.26 times as likely in people with overweight 



	

	

14 

Table 3: Cancer risks reported in representative studies (Adapted from National Cancer 

Institute, 2022) 

 

Non-Alcoholic Fatty Liver Disease 

Another issue related to VAT is its accumulation in the liver, leading to a condition 

known as Non-Alcoholic Fatty Liver Disease (NAFLD). As the name implies, NAFLD is 

not due to heavy alcohol consumption but rather to fat buildup (National Institute of 

Diabetes and Digestive and Kidney Diseases, 2019). NAFLD is quite prevalent among 

obese patients. In this population, it makes it the most common liver disease. Around 

85% of individuals with class III obesity or higher are affected by this condition (Divella 

et al., 2019). 

 

The portal vein, which VAT drains into, directs blood to the liver. Consequently, the liver 

is the initial organ to receive blood from the adipose tissue, which contains elevated 

levels of free fatty acids (FFAs) and cytokines. The liver, being a highly metabolic organ 

already, undergoes significant oxidative metabolic activity when it is a fatty liver. This 

results in a substantial release of free radicals. Saturation can occur if the quantity of free 

radicals exceeds the body’s antioxidant defenses. With elevated levels of reactive oxygen 

species (ROS), hepatocytes and other liver cells may start to oxidize and trigger their 

protective inflammatory mechanism. Increased expression of inflammatory cytokines 

further accelerates liver damage (Divella et al., 2019). 
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NAFLD is categorized into two types. The first is Non-Alcoholic Fatty Liver (NAFL), 

characterized by fat in the liver but containing minimal to no inflammation or liver 

damage. Patients with NAFL may not experience liver complications, but they do have 

an increased risk for other health problems like CVD, T2DM, and MetS. The second type 

of NAFLD, which involves inflammation and liver damage, is called Non-Alcoholic 

Steatohepatitis (NASH). About 30% of obese patients have NASH, and its development 

is 2-3 times higher in obese patients compared to non-obese patients (National Institute of 

Diabetes and Digestive and Kidney Diseases, 2019). While individuals with NAFL can 

also develop fibrosis, the progression of fibrosis can be more rapid in people with NASH, 

ranging from no fibrosis: stage 0 to cirrhosis: stage 4. Cirrhosis itself is a significant risk 

factor for developing liver cancer. Current data indicates that NAFLD is the second 

leading cause of end-stage liver disease and liver cancer (Powell et al., 2021). 

 

Movement and Osteoarthritis 

Is obesity a result of sedentary behaviors or do sedentary behaviors lead to obesity? The 

reality is that both statements can be true. A significant number of people lead a 

sedentary lifestyle, spending their waking hours engaged in activities such as working on 

a computer, lounging on the couch watching TV, eating, or scrolling through social 

media, all with minimal physical activity. These behaviors contribute to a lack of energy 

expenditure. 
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On the other hand, an increase in body weight can lead to complications both 

economically and functionally. As a person gains weight, movement can become more 

challenging. Functional limitations may hinder their ability to be physically active, 

including maintaining balance when walking, especially on uneven surfaces. Increased 

weight can lead to poor posture control and stability, particularly in individuals with 

central obesity. The weight shifts their center of mass forward towards the front of their 

feet, a phenomenon referred to as anterior-posterior. A person’s gait (walking 

characteristics) is also affected and poses an increased risk of tripping, falls, and/or 

injuries. High body weight also leads to lower overall bone strength, thus impacting 

skeletal health (Forhan & Gill, 2013). 

 

Additionally, obesity is strongly linked to joint pain, particularly in the knees. For every 

10 pounds of weight gain, an additional 30-60 pounds of pressure is added to each knee 

with each step which may potentially lead to the development of knee Osteoarthritis 

(OA). Statistically, obese women have a 4 times increased risk of developing OA, while 

obese men have a 5 times higher risk. The risk escalates further for severely obese 

individuals since the risk of developing OA positively correlates with BMI (John 

Hopkins Arthritis Center, 2016). While the actual weight contributes to knee OA, some 

studies suggest that inflammation due to obesity can also contribute to OA through MetS, 

although these findings are inconclusive. However, one fact is clear: Obesity modifies the 

secretion of inflammatory mediators from adipocytes, which can contribute to OA in not 

only in the knees, but also in the hands and hips (Batushansky et al., 2021). 
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Sexual Dysfunction 

Obesity negatively affects fertility in men and women. Obesity in women often leads to 

disruptions in the ‘hypothalamic pituitary ovarian axis’, leading to menstrual dysfunction, 

anovulation, and ultimately, infertility (Silvestris et al., 2018). A condition among 

women, Polycystic Ovary Syndrome (PCOS), characterized by reproductive, 

hyperandrogenic, and metabolic features, is a genetic condition that worsens with obesity. 

In fact, a significant majority of women with PCOS ranging from 38% to 88%, are 

overweight or obese. The impact of obesity on reproductive function is primarily due to 

endocrine mechanisms from adipose tissue that interfere with ovarian functions, thereby 

disrupting ovulation homeostasis. This often results in an irregular menstrual cycle, 

ovulatory disorders, endometrial pathology, and infertility. Obese women face the risk of 

infertility three times higher than non-obese women. Subfertility can persist even when 

ovulatory dysfunction is absent. Moreover, obesity impacts endometrial implantation and 

other reproductive functions, leading to complications such as delayed conception, an 

increased miscarriage rate, and reduced success rates in assisted reproductive treatments. 

Therefore, obesity profoundly and multifacetedly impacts female reproductive health and 

fertility (Barber et al., 2019). 

 

Obesity significantly affects male fertility by disrupting the equilibrium of cell growth 

and death during sperm production, leading to increased cell death rates. Men who are 

overweight or obese are more likely to experience low sperm count (oligozoospermia) 
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and absence of sperm (azoospermia). The physiological and hormonal changes associated 

with obesity negatively impact various fertility aspects. For example, men with obesity 

are three times more likely to have a low sperm count compared to those of normal 

weight. Typically, a BMI over 25 kg/m² is associated with a lower total sperm count and 

reduced ejaculate volume. Obesity also impairs sperm motility and morphology 

(Leisegang et al., 2020). 

 

Moreover, obese men face a 1.5-fold higher risk of developing erectile dysfunction (ED), 

which is associated with male infertility. Obesity can cause ED by lowering testosterone 

levels and inducing systemic inflammation through the release of inflammatory 

cytokines. These cytokines can lead to endothelial cell dysfunction and contribute to ED 

through the nitric oxide pathway. Although the exact mechanisms are not fully 

understood and require further research, it is evident that hormonal changes, 

inflammation, and related health conditions significantly affect male fertility in 

individuals with obesity (Moon et al., 2018). 
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NON-INVASIVE TREATMENTS TO OBESITY 

The initial treatment recommendation for every obese patient is lifestyle modification, 

though this can be the most challenging for many. Generally, patients are advised to 

decrease their caloric intake and increase their physical activity to expend more energy. 

The difficulty lies in the consistency and determination required to maintain these 

changes and lose weight, as the success of this approach largely depends on the patient’s 

commitment (Elmaleh-Sachs et al., 2023). 

 

Various interventions can be employed to assist individuals in their weight loss journey, 

including support groups, peer support, coaching, or consultations with a nutritionist or 

dietitian. Regardless of other available options, lifestyle changes should always be the 

cornerstone of any treatment plan. They should be implemented in conjunction with any 

other treatment options for optimal results (Elmaleh-Sachs et al., 2023). 

 

The Food and Drug Administration has approved an expanding portfolio of anti-obesity 

medications. These drugs offer additional therapeutic benefits beyond weight loss, 

tailored to the individual patient’s circumstances. The list includes GLP-1 receptor 

agonists like Phentermine-Topiramate, Naltrexone-Bupropion, Semaglutide and 

Liraglutide, Tirzepatide, and even Metformin, a medication typically used for T2DM. 

However, the cost of these medications can pose a challenge when it comes to 

prescribing them (Elmaleh-Sachs et al., 2023). 

.
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Specific Aims 

 

Specific aims of the following thesis include: 

1.!  Assess the effectiveness of different types of bariatric surgeries (such as Roux-

en-Y Gastric Bypass, Sleeve Gastrectomy, and Adjustable Gastric Banding) in 

achieving sustained weight loss in individuals with obesity. 

2.! Investigate the effect of bariatric surgery on obesity-related comorbidities. 

3.! Examine the potential nutritional deficiencies that may arise post-surgery due to 

altered digestion and absorption, and propose strategies to mitigate them. 

4.! Investigating the Causes and Solutions for Weight Regain and Insufficient Weight 

Loss Post-Bariatric Surgery. 

 

.
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BARIATRIC SURGERY 

Bariatric surgery has been the most successful treatment option for patients in the long 

term. Morbid obesity and its comorbidities are very common in the USA. However, not 

many patients go through bariatric surgery. Over the years, surgery for weight loss has 

been and is still being developed. There are many types of bariatric surgery, and while 

many are not used frequently or at all, some are widely used today. In the US, as of 2022, 

there have been slightly less than 280,000 bariatric procedures performed per year with 

Laparoscopic Sleeve Gastrectomy as the most common bariatric surgery at approximately 

160,600 (57%) (2,#$3"#+(%4(5"1$"#1$.(-617+18(!63*+1,9(:;<<=:;:<, n.d.). 

 

Column 1 2022 2021 2020 

Sleeve 160,609 152,866 122,056 

RYGB 62,097 56,527 41,280 

Band 2,500 1,121 2,393 

BPD-DS 6,096 5,525 3,555 

Revision 30,894 31,021 22,022 

SADI 1,567 1,025 488 

OAGB 1,057 1,149 1,338 

Other 6,189 7,339 1,221 

ESG 4,600 2,220 1,500 
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Balloons 4,358 4,100 2,800 

Total 279,967 262,893 198,651 

Table 4: Estimate of Bariatric Surgery Numbers from 2020 to 2022 (Adapted from 

Estimate of Bariatric Surgery Numbers, 2011-2021, n.d.) 

 

Laparoscopic Sleeve Gastrectomy (LSG), also known as vertical sleeve gastrectomy, is a 

restrictive surgical procedure that cuts the stomach in a vertical line and removes part of 

the stomach (which also includes the region where most of ghrelin is secreted). Ghrelin is 

a hunger-inducing hormone that is released into the stomach when it is empty, stimulates 

hunger, and promotes fat storage. LSG has been a growing surgical procedure and is now 

being performed more than the Roux-en-Y Gastric bypass which is still currently 

considered the “gold standard” for bariatric surgery (Brajcich & Hungness, 2020). 
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Figure 1: Laparoscopic Sleeve Gastrectomy (Taken from Salas-Parra et al., 2024) 

 

Roux-en-Y Gastric Bypass (RYGB) is a restrictive-malabsorptive procedure that has 

been performed a little under 62,000 (22%) times in the year 2022. The RYGB procedure 

starts off by creating a small stomach pouch under the gastroesophageal junction, 

bypassing the stomach to the distal end of the jejunum. A cut in the middle of the 

jejunum distal end, the roux limb, is made where the roux limb is pulled up to the small 

pouch to create gastrojejunostomy. The bypassed duodenum and proximal end of the 

jejunum is anastomosed next to the jejunum to create something called the 

jejunojejunostomy. Jejunojejunostomy is crucial because the bypassed stomach, 

duodenum and proximal jejunum, which is called the biliopancreatic limb, secretes 
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digestive enzymes from the stomach, hepatobiliary tract, and the pancreas that can be 

released  into the jejunojejunostomy (Mitchell & Gupta., 2023). 

 

Figure 2: Roux-en-Y Gastric Bypass (Taken from Salas-Parra et al., 2024) 

 

One bariatric surgical procedure that used to be popular back in the early 2000s but is not 

widely used today is the Laparoscopic Adjustable Gastric Banding (LAGB). There have 

only been 2,500 (0.008%) of these procedures in 2022. This type of procedure places a 
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band around the superior portion of the stomach to limit food intake. The problem with 

LAGB is that it is inferior to other bariatric surgeries like LSG and RYGB for long-term 

weight loss. However, this procedure does have the lowest risk of complications post-

operatively and can be easily removed if needed (Furbetta et al., 2020). 

 

Figure 3:  Laparoscopic Adjustable Gastric Banding (Taken from Salas-Parra et al., 2024) 

 

Out of 280,000 bariatric surgeries, approximately 30,900 (11%) procedures are revisional 

surgeries. Most of the time, revisional surgeries are patient driven due to the fact that 

patients are either dissatisfied with the weight loss, have some weight regained, or overall 

complications from the initial procedure. There are conversions where one type of 
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bariatric surgery is converted to another type of bariatric surgery, or a reversal, where a 

patient is restored to normal, or near normal anatomy (2,#$3"#+(%4(5"1$"#1$.(-617+18(

!63*+1,9(:;<<=:;:<, n.d.). 

 

Bariatric surgery does not necessitate an exhaustive list of prerequisites for a patient to be 

considered eligible, although it is still important to ensure a presurgical evaluation is 

completed. The most straightforward and universally accepted criterion for eligibility is a 

BMI exceeding 40 kg/m². While this applies irrespective of the presence or absence of 

comorbidities often associated with obesity, the presence of obesity-associated 

comorbidity creates an acceptable BMI criterion of 35 kg/m2. Furthermore, bariatric 

surgery is also recommended for individuals who have a BMI exceeding 30 kg/m² and 

are concurrently managing T2DM but have difficulty maintaining their blood sugar. This 

recommendation stems from the fact that weight loss can significantly improve the 

management of Type II Diabetes. Bariatric surgery may also be considered for patients 

whose BMI falls within the range of 30 to 34.9 kg/m² and have struggled with achieving 

consistent weight loss through conventional methods such as diet and exercise (or those 

who have not observed any improvement in their co-morbid conditions despite their best 

efforts) (Elmaleh-Sachs et al., 2023). 

 

It is important to note that bariatric surgery is not exclusively for adults. The procedure 

can be performed across a wide age spectrum, encompassing both the older and younger 

generations; successful surgeries have been carried out on patients over 70. While age is 
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not a barrier, factors such as cognitive functionality, frailty, tobacco use, and overall 

organ functions must also be considered. These factors can influence the patient’s ability 

to recover from surgery and their risk of potential postoperative complications (Elmaleh-

Sachs et al., 2023). 

 

Regrettably, childhood obesity has been on a worrying upward trend in the United States. 

Statistics from NHANES from the years 1999 to 2016 indicate that approximately 41.5% 

of adolescents aged 16-19 are classified as obese, and 4.5% meet the criteria for class III 

obesity, the most severe form. These adolescents are at risk of entering adulthood with 

obesity accompanied by its associated comorbidities, thereby increasing their risk of 

premature mortality and complications (Skinner et al., 2018). In light of this, bariatric 

surgery has been deemed safe for individuals under the age of 18, providing a potential 

solution to this growing problem. The American Academy of Pediatrics and the 

American Society of Metabolic and Bariatric Surgery recommend considering bariatric 

surgery for those under the age of 18 who are classified as class II or class III obesity. 

This recommendation underscores the growing recognition of bariatric surgery as a 

viable treatment option for severe obesity in adolescents (Elmaleh-Sachs et al., 2023). 

 

.
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THE OUTCOMES OF BARIATRIC SURGERY 

!"#"$%&'(

The Weight Loss(

As previously mentioned, the most effective long-term solution for individuals struggling 

with severe obesity is bariatric surgery. It has demonstrated remarkable efficacy in 

facilitating substantial and enduring weight loss. Patients can anticipate shedding 

approximately 50-70% of their excess weight within the first two years following 

surgery, although the extent of weight loss is based on the specific surgical procedure. A 

meta-analysis study from O’Brien et al revealed that the average percentage of excess 

weight loss after a decade was 57% for SG, 60% for RYGB, and 49% for LAGB. 

(O’Brien et al., 2018) In another study from Gronroos et al comparing the difference 

between SG and RYGB after 7 years, the percent excess weight loss ( %EWL) for SG 

was 47% and for RYGB was 55% (Grönroos et al., 2021). For LAGB, a long-term study 

from Furbetta et al. found that approximately 52% achieved an %EWL exceeding 50% 

after 5 years. In addition to weight loss, bariatric surgery significantly reduces mortality 

rates, making an impactful for long-term health improvement (Furbetta et al., 2019). The 

outcome of the Swedish Obese Subjects (SOS) study, which spanned up to 15 years, 

indicated that the overall mortality rate among the bariatric surgery group was 30.7% 

lower compared to the control subjects. Another cohort study supported this and 

concluded that the long-term mortality of bariatric patients had a 40% reduction 

compared to the control group. Furthermore, the cause-specific mortality rate in the 

surgery group saw a decrease of 92% for diabetes and 60% for cancer (Abdelaal et al., 
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2017). In addition to weight loss and mortality reduction, one of the major advantages of 

bariatric surgery is the improvement of obesity-related comorbidities. This highlights the 

transformative potential of bariatric surgery in enhancing the health and quality of life for 

individuals with severe obesity. 

 

Airways(

Bariatric surgery primarily addresses the most prevalent sleep-related breathing disorder, 

OSA. In a study done by Nastelek and colleagues involving 44 OSA patients who 

underwent bariatric surgery, the severity of OSA decreased in 17 patients, increased in 2, 

and remained unchanged in 18 patients. Seven patients achieved normalized breathing, 

defined as an AHI less than 5 which shows a notable reduction in the AHI. While 

bariatric surgery does not entirely eradicate OSA, it significantly mitigates respiratory 

disturbances during sleep one-year post-op. Furthermore, 16% of patients achieved 

normalized breathing, and 41% experienced a decrease in OSA severity (Nastałek et al., 

2021). A meta-analysis of 27 studies, involving 1169 participants and 15 studies 

specifically on RYGB or SG, revealed that the average pre-surgical AHI was 39.3 events 

per hour, which reduced to 12.5 events per hour post-surgery. The greatest reduction was 

observed in individuals with a more severe AHI (Wong et al., 2018). 
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Cardiovascular Disease and Hypertension(

Bariatric surgery improves cardiovascular risk. A study with 152,394 patients with 

obesity and NAFLD by Krishnan et al compared the cardiovascular risk between patients 

who had bariatric surgery and those who did not. The	findings	indicated	that	the	group	

who	underwent	bariatric	surgery	had	a	lower	risk	of	heart	failure	and	

cardiovascular	events	overall	(Krishnan et al., 2023). 	

 

Weight loss has been demonstrated to have clinically favorable outcomes on AF. A study 

by Donnellan et al. reported AF reversal in 71% of patients who underwent gastric 

bypass, 56% of patients who had sleeve gastrectomy (LSG), and 50% of those who 

received gastric banding. The study included 220 obese patients with AF, all of whom 

had cardiac rhythm monitoring before bariatric surgery and again one-year post-surgery 

(Donnellan et al., 2020). 

 

A reduction in HTN can be achieved through weight loss. Hawkins et al. conducted a 

study to investigate the correlation between blood pressure reduction and weight loss 

following bariatric surgery. The study demonstrated that mean arterial pressure (MAP) 

gradually decreases after bariatric surgery. MAP was monitored over a specific course of 

time, starting at two weeks post-surgery. The most significant reduction in MAP occurred 

at two weeks post-operation, with similar decreases observed in the subsequent weeks 

and months. Figure 1 illustrates the continuous decrease in MAP following bariatric 

surgery, except at the five-year mark (Hawkins et al., 2018). 
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Figure 4:  Time Course of Blood Pressure Decrease After Bariatric Surgery in 

Normotensive and Hypertensive Patients (Taken from Hawkins et al., 2018) 

 

T2DM(

Bariatric Surgery has been proven to help with T2DM remission. This assertion is backed 

by a substantial body of research, including 12 Randomized Controlled Trials (RCTs) 

that involved a total of 874 patients. These patients presented with a wide range of BMI 

values from 25 to 53 kg/m² and were at varying stages of T2DM. The primary objective 

of these trials was to achieve remission of T2DM. In the context of these studies, 

remission was defined as a reduction in the glycated hemoglobin A1c level to a target 
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range of 6.0% - 6.5%. Importantly, this target needed to be achieved without the need for 

diabetes medications, highlighting the potential of bariatric surgery to manage T2DM 

independent of pharmaceutical interventions. The results of these trials provided 

compelling evidence for improved glycemic control post-bariatric surgery. Specifically, 

surgery was found to decrease HbA1c levels by 1.8% to 3.5%. This represents a 

significant improvement, particularly when considering the challenges associated with 

managing T2DM. Furthermore, each study demonstrated a consistent annual increase in 

the prevalence of T2DM remission (Arterburn et al., 2020). Another study reported an 

average T2DM resolution rate of 69.26% following RYGB and 42.57% after LSG. 

Additionally, Samuel et al. observed that at 24 months, patients who underwent RYGB 

had significantly higher rates of complete diabetes remission. This evidence suggests that 

the benefits of bariatric surgery are not only immediate but also enduring, leading to 

long-term health improvements for individuals with T2DM (Gomes-Rocha et al., 2021). 

 

Dyslipidemia(

Among adults with severe obesity who are seeking bariatric surgery, dyslipidemia is 

prevalent in 64% of them. A longitudinal cohort study included 1738 patients post-

RYGB and 610 patients post-LAGB. The study revealed a decrease in the prevalence of 

dyslipidemia seven years after the operation. For RYGB patients, the prevalence of high 

triglycerides dropped from 33.3% to 14.3%. High LDL cholesterol prevalence reduced 

from 23.7% to 4.9%, and low HDL cholesterol prevalence decreased from 34.9% to 

5.8%. For LAGB patients, the prevalence of low high-density lipoprotein cholesterol was 
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16.3% compared to 33.0% at baseline, and high triglycerides were 9.7% compared to 

21.3% at baseline. When comparing RYGB to Sleeve Gastrectomy (SG), the triglyceride 

levels decreased by 40% in the RYGB group and 29% in the SG group five years post-

operation. High-density lipoprotein cholesterol levels decreased by 32% in the RYGB 

group and 30% in the SG group over the same period (Arterburn et al., 2020). According 

to a meta-analysis study by Gomez-Rocha et al, RYGB has better dyslipidemia resolution 

at 67.47% compared to LSG at only 32.82% (Gomes-Rocha et al., 2021). 

 

Cancer(

In a study by Aminian et al., 2022, involving 30,318 patients, 5,053 underwent bariatric 

surgery while 25,265 constituted the non-surgical control group. Throughout the follow-

up period, 96 individuals who underwent bariatric surgery and 780 individuals in the non-

surgical group were diagnosed with cancer-related to obesity. The	incidence	rate	for	

cancer-related	to	obesity	among	the	bariatric	group	was	3.0	events	per	1,000	

person-years,	while	non-surgical	patients	experienced	a	rate	of	4.6	events	per	1,000	

person-years.	In	another	part	of	the	study,	2.9%	of	the	bariatric	surgery	group	

reached	the	primary	endpoint,	compared	to	4.9%	of	the	non-surgical	group. The 

most common cancer types identified were female breast cancer and endometrial cancer, 

which is strongly associated with obesity. This evidence indicates that the risk of cancer 

may be lower with bariatric surgery, particularly endometrial cancer.	
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The study also noted differences in cancer-related mortality rates. In the bariatric surgery 

group, there were 21 cancer-related deaths compared to 205 in the non-surgical group. 

The	bariatric	surgery	group	had	an	incidence	rate	of	0.6	events	per	1,000	person-

years,	while	the	non-surgical	group	had	an	incidence	rate	of	1.2	events	per	1,000	

person-years.	At the 10-year mark, cancer-related mortality was reported in 0.8% of 

patients who had bariatric surgery, whereas it was 1.4% in the non-surgical group 

(Aminian et al., 2022).	

 

NAFLD(

Bariatric surgery holds significant potential for inhibiting disease progression. Various 

studies have demonstrated that regardless of the specific type of surgery, a reduction in 

excess fat can lead to improvements in NASH. For instance, in one study involving 109 

patients with obesity and NASH, 85% experienced resolution of NASH one year post-

surgery (Lassailly et al., 2015). 

 

A meta-analysis conducted in 2008, which comprised 15 studies totaling 766 patients 

undergoing liver biopsies, revealed notable improvements. Before surgery, 83% of 

patients had steatosis, 65% were diagnosed with fibrosis, and 54% had NASH. Post-

surgery, 92% of the patients showed improvement or resolution of steatosis, 

steatohepatitis, or fibrosis, with 69.5% achieving complete resolution of NASH (Chauhan 

et al., 2022). 
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Additionally, another five-year study found that 84% of patients had resolved NASH, and 

fibrosis disappeared in 54% of these patients. Importantly, the reduction in fibrosis began 

one year after surgery and continued to decrease up to the fifth year (Lassailly et al., 

2020). 

 

Sexual Dysfunction(

After bariatric surgery, 56% of women and 49.2% of men who underwent surgery 

experienced clinically meaningful improvements. A	study	of	29	obese	pregnant	women	

reported	immediate	improvements	in	their	hormone	levels	and	menstrual	cycles	

after	bariatric	surgery Bariatric	surgery	has	been	found	to	improve	the	ovulation	

rate.	However,	if	pregnancy	occurs	shortly	after	the	surgery,	it	can	be	risky.	To	

reduce	the	risks	due	to	bariatric	surgery,	it’s	recommended	to	wait	12	to	18	months	

after	surgery	before	conceiving	(Pg Baharuddin et al., 2021).	

 

)%'*' (

Although strong evidence supports the effectiveness of bariatric surgery in treating 

obesity and its related comorbidities, it is important to recognize that all medical 

interventions carry risks. The mortality rate of the surgery is between 0.1% and 1.1% for 

any bariatric procedure. The low mortality rate is due to the extensive evaluation needed 

for each patient before surgery (Courcoulas et al., 2023). Another risk to keep in mind is 

that both RYGB and SG induce significant changes in the body, both physically and 

physiologically. Physically, the surgery alters the size and/or function of the stomach, 
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which can lead to a reduced capacity for food intake. While this is the goal of the 

procedure, these physical changes also require patients to adapt to a new way of eating, 

often involving smaller, more frequent meals. Physiologically, the changes are even more 

profound. The surgery can alter the body’s metabolic rate, hormone levels, and even the 

gut microbiota – all of which can have far-reaching effects on a patient’s health. For 

instance, many patients experience improvements in obesity-related conditions. However, 

due to the restrictive and/or malabsorptive nature of these surgeries, patients must adhere 

to a carefully planned diet to avoid nutritional deficiencies. The reduced stomach size 

and/or changes in the digestive tract can limit the absorption of essential nutrients such as 

vitamins and minerals. This necessitates lifelong supplementation and regular follow-up 

with healthcare providers to monitor nutritional status (Steenackers et al., 2021). 

 

Vitamin, Mineral, and Trace Element Deficiencies(

Within two years of undergoing bariatric surgery, anemia affected 33-49% of patients 

according to the American Society of Hematology. The primary cause of this anemia is 

often a deficiency in vitamin B12, which can arise due to impaired absorption following 

surgery. This is particularly true for RYGB procedures, which bypassed most of the 

stomach and duodenum - the key sites for vitamin B12 absorption. A contributing factor 

to this deficiency is the reduced secretion of intrinsic factor (IF), a vital glycoprotein 

involved in absorbing vitamin B12 IF is produced by the parietal cells lining the stomach, 

and its production can be significantly reduced post-surgery. Another potential deficiency 

linked to vitamin B12 deficiency is that of folic acid. Depending	on	the	type	of	surgery,	
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it	can	affect	between	9%	in	restrictive	procedures	and	39%	in	malabsorptive	

procedures. The link between folic acid and vitamin B12 lies in the fact that vitamin 

B12 is required to convert the inactive form of folate, methyltetrahydrofolic acid, into its 

active form, tetrahydrofolic acid. Therefore, a deficiency in vitamin B12 can increase the 

risk of folic acid deficiency. However, these issues can be mitigated with a well-balanced 

diet and/or appropriate supplementation (Gasmi et al., 2021).	

 

Following bariatric surgery, one of the earliest and most common nutritional deficiencies, 

affecting approximately 33% of patients, is iron deficiency. This deficiency is 

particularly prevalent in RYGB procedures because it bypasses the primary 

gastrointestinal sites of iron absorption – the duodenum and proximal jejunum (Gasmi et 

al., 2021).  The reduced consumption of food, particularly meat and iron-fortified dairy 

products, can exacerbate this deficiency, potentially leading to iron deficiency anemia 

(Steenackers et al., 2018). Copper, another mineral predominantly absorbed in the 

duodenum, also runs the risk of deficiency in patients. Its symptoms bear a striking 

resemblance to those of iron deficiency anemia, given that copper is required for iron 

mobilization. Although copper deficiency is typically rare due to its slow depletion, it has 

been observed in patients post-RYGB surgery, affecting nearly 10-15% of patients. 

RYGB can accelerate the depletion of copper reserves because of the decrease in food 

intake in general (Wazir & Ghobrial, 2017). Both iron and copper deficiency can be 

mitigated with a proper dose of supplements while keeping in mind to avoid interactions 

with other nutrients or medications (Steenackers et al., 2018). 
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Thiamine, also known as vitamin B1, is a nutrient that can become deficient following 

bariatric surgery. An estimated 49% of patients who undergo LSG can develop a 

deficiency in thiamine. This deficiency primarily arises because the jejunum, the major 

site for thiamine absorption, is largely bypassed during the procedure (Gasmi et al., 

2021). Another contributing factor to thiamine deficiency is a common postoperative 

complication known as postoperative nausea and vomiting (PONV). PONV affects over 

two-thirds of patients who undergo bariatric surgery and is particularly prevalent among 

morbidly obese patients. Persistent vomiting and inadequate nutrition due to PONV can 

further contribute to the development of thiamine deficiency (Kushner et al., 2020). A 

thiamine deficiency can lead to a neurological disorder known as Wernicke 

Encephalopathy (WE). This condition is diagnosed when at least two out of the three 

clinical triad symptoms—ophthalmoplegia, gait ataxia, and confusion—are present 

(Habas et al., 2023). Research by Oudman et al. indicates that Wernicke encephalopathy 

(WE) onset after bariatric surgery occurs at a median age of 33, which is younger 

compared to other medical procedures. Patients with WE post-bariatric surgery often 

experience additional symptoms, including vomiting, abnormal eye movements, and 

cognitive disturbances. Given these potential complications, it is crucial for individuals 

who undergo bariatric surgery to be tested for thiamine deficiency post-operation. 

Providing these patients with thiamine supplements can help prevent the onset of WE 

(Oudman et al., 2018). 
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Approximately 48% of patients who undergo RYGB surgery develop a calcium 

deficiency. In a study, the prevalence of this deficiency was found in 9.3% of patients 

with SG and 1.9% of patients with RYGB. Calcium is a vital mineral that plays a key role 

in several cell signaling cascades, is crucial for the health of bones and teeth, and 

supports blood clotting. The occurrence of hypocalcemia, or low calcium levels, can pose 

significant health risks. Symptoms of calcium deficiency can include muscle spasms, 

cramps, cognitive impairments, and an increased risk of osteoporosis, particularly in 

older individuals. The normal absorption of calcium is dependent on vitamin D, which 

helps maintain calcium homeostasis. Therefore, a deficiency in vitamin D can exacerbate 

the risk of calcium deficiency. Bariatric surgeries, especially those of the malabsorptive 

type like RYGB, can decrease fat absorption as they bypass the primary sites of 

absorption and require bile salts. Vitamin D, being a fat-soluble vitamin, can be adversely 

affected, resulting in poor uptake and potential deficiency. Less commonly, deficiencies 

in vitamins such as A, E, and K, the other fat-soluble vitamins can also occur. (Gasmi et 

al., 2021). 

 

Hair loss is a prevalent health concern, and it becomes particularly noticeable following 

bariatric surgery due to sudden and significant weight loss. Deficiencies in essential 

nutrients such as iron, B vitamins, and zinc contribute to hair loss. Zinc, which is 

primarily absorbed in the proximal intestines, is crucial for hair health. However, RYGB 

procedures bypass these sections of the intestines, leading to poor zinc absorption. As a 
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result, within 6 to 18 months after bariatric surgery, roughly 42-65% of patients 

experience a zinc deficiency (Gasmi et al., 2021). 

 

Selenium is another mineral that is often deficient in bariatric surgery patients. Like zinc 

and other vitamins and minerals, selenium’s main location for absorption is 

predominately in the duodenum and proximal jejunum. In patients who goes through 

bariatric surgery, selenium deficiency is prevalent, affecting 11% to 46% of individuals. 

A lack of selenium is linked to several complications, including cardiomyopathy, 

myopathy, arrhythmias, muscle wasting, and hypothyroidism (Gasmi et al., 2021). 

 

Dumping Syndrome(

Dumping Syndrome is a common complication that can occur post-bariatric surgery, 

particularly following RYGB. This condition is characterized by the rapid entry, or 

“dumping,” of undigested food into the small intestines. It is typically divided into two 

categories: early and late dumping. Early dumping manifests within an hour of eating and 

is often accompanied by hypotension, which can lead to fainting or loss of consciousness. 

This is followed by an autonomic stress response, characterized by symptoms such as 

flushing, sweating, palpitations, and even tachycardia. Gastrointestinal symptoms, 

including nausea and vomiting, diarrhea, abdominal distention, painful cramps, and 

borborygmi, often accompany this phenomenon.  On average, within six months after 

bariatric surgery, 15.7% of patients are seen with early dumping and are associated with 

reactive hypoglycemia, presenting with palpitations, sweating, tremors, irritability, or 
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even unconsciousness. Late dumping syndrome, on the other hand, occurs 1-3 hours after 

ingestion. It is often accompanied by confusion and (pre)syncope, a condition referred to 

as neuroglycopenia. On average, Late dumping can affect up to 25% of patients in one to 

five years post-surgery. Bariatric surgery significantly alters gastric physiology. In 

procedures like RYGB, bypassing the pylorus disrupts the mechanism of controlled 

transit and leads	to	the	remaining	stomach	pouch	emptying	rapidly. This alteration 

can contribute to the onset of Dumping Syndrome (D’hoedt & Vanuytsel, 2023). 

 

Up to now, it was seen that the effects and risks between the bariatric surgeries are fairly 

similar. RYGB had a better %EWL overall but not by much and it had more risks of 

deficiencies compared to SG and LAGB. In	one	trial,	reoperation	or	reintervention	

was	reported	in	15.8%	of	SG	patients	and	18.5%	of	RYGB	patients.	The most common 

reason for the reoperation for SG was acid reflux and for RYGB was internal hernia.	

 

WEIGHT REGAIN AND INSUFFICIENT WEIGHT LOSS 

Bariatric surgery stands as the most effective intervention currently available for 

sustained weight loss and the management of related comorbidities. However, the surgery 

alone is not sufficient for weight loss. In fact, a small subset of patients experience 

Insufficient Weight Loss (IWL), and some who initially lose weight may encounter 

Weight Regain (WR). Approximately 20-25% of patients grapple with significant WR, 

defined as regaining more than 50% of their initial weight loss. The regain can lead to a 

decline in quality of life, and the comorbidities associated with excess weight may re-
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emerge or worsen. For those with IWL, weight loss remains elusive, and their 

comorbidities may not improve. There are multiple reasons why an individual who has 

undergone bariatric surgery might experience WR or IWL (El Ansari & Elhag, 2021). 

 

Bariatric surgery should ideally be complemented with a regimen of reduced caloric 

intake and regular physical activity. Following surgery, reduced stomach volume, 

decreased appetite, and heightened satiety typically lead to a natural reduction in caloric 

intake. However, caloric intake can gradually creep up over time. A study from Sweden 

revealed that the average caloric intake of 1500 kcal per day at six months post-operation 

increased to 2000 kcal per day four to ten years later. The gastric pouch can gradually 

enlarge over time with increased caloric intake. About 23% of RYGB patients 

experienced minimal weight loss, WR, or both, primarily due to unchanged eating habits 

pre- and post-surgery. Among the patients with WR, it was observed that they 

consistently consumed high-calorie foods compared to those who successfully lost weight 

and maintained it (El Ansari & Elhag, 2021). 

 

Physiologically, it’s more feasible for individuals to consume smaller amounts of food 

over extended periods, a behavior known as ‘grazing’. The prevalence of WR due to 

grazing was about 47%, predominantly among women. This underscores the importance 

of nutritional counseling with a dietitian to maintain long-term weight loss. Interestingly, 

60% of patients who experienced WR did not adhere to their nutritional counseling 

follow-ups (Noria et al., 2023). 
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Physical inactivity, a prevalent issue in today’s society, is closely linked to the problems 

of WR or IWL. These conditions are often observed in individuals who have undergone 

weight loss procedures or are on weight management programs. Health	promotion	

guidelines,	endorsed	by	many	health	organizations	worldwide,	recommend	that	

individuals	engage	in	at	least	150	minutes	of	moderate-intensity	physical	activity	

per	week.	This level of activity is crucial for maintaining a healthy weight and 

preventing various health complications. However, it’s alarming to note that only about 

10-24% of patients are able to meet these guidelines. The low adherence rate is a 

significant concern for health professionals and highlights the need for more effective 

strategies to promote physical activity. A sedentary lifestyle, marked by extended periods 

of inactivity and minimal physical exercise, further contributes to the issues of WR and 

IWL. It has been observed that incidents of WR and IWL increase significantly among 

patients who remain inactive. The importance of regular physical activity in weight 

management and overall health cannot be further emphasized. Therefore, encouraging 

patients to move away from a sedentary lifestyle and adopt a more active routine is a 

critical aspect of managing and preventing WR and IWL (El Ansari & Elhag, 2021).	

 

In order to prevent WR and ensure adequate weight loss, pharmacotherapy can be a 

beneficial adjunct to lifestyle modifications following bariatric surgery. Notable 

hormonal changes within the stomach occur post-RYGB. Specifically, pancreatic peptide 

YY, glucagon-like peptide-1 (GLP-1), and gastric inhibitory polypeptide, which are 
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known to enhance feelings of fullness and reduce hunger, secretion increases. 

Concurrently, ghrelin decreases in secretion, which is a hormone that stimulates appetite, 

thereby aiding in reducing food intake. However, over time, these hormonal changes 

inhibit its natural action of stimulatory appetite, so it can shift in a way that contributes to 

WR. For instance, one study observed a significant increase in ghrelin levels in RYGB 

patients experiencing WR two years post-surgery. Another study involving post-surgical 

rodents with WR found difficulty in maintaining elevated levels of pancreatic peptide YY 

concentrations. Even in patients who had successfully lost weight, there were lower 

levels of gastric inhibitory polypeptide and GLP-1, indicating a risk of WR. To manage 

these hormonal shifts, several anti-obesity medications can be used in conjunction with 

bariatric surgery. These medications can help decrease hunger and promote feelings of 

fullness. Research has shown that among 319 patients with WR or IWL post-RYGB or 

LSG who took anti-obesity medication, 54% lost more than 5% of their total body 

weight, 30.3% lost more than 10%, and 15% of patients lost more than 15% of their total 

body weight. The most commonly prescribed drugs were phentermine, topiramate, or a 

combination of both. A comparative study showed that bariatric surgery patients who 

took phentermine lost about 12.8% of excess weight on average, and those who took the 

phentermine-topiramate combination lost about 12.9% of excess weight after 90 days. 

Another research study involving phentermine, topiramate, and metformin demonstrated 

successful weight loss post-surgery, with metformin showing the highest percentage of 

weight change (El Ansari & Elhag, 2021). 
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Mental health plays a crucial role in weight loss and the prevention of WR. Psychological 

factors, such as a lack of motivation to engage in physical activity or adhere to dietary 

guidelines, can hinder weight loss efforts. The mental health status of patients before 

undergoing bariatric surgery is a significant consideration. One study found that patients 

who experienced depression before bariatric surgery were more likely to lose control over 

eating (LOC), engage in less physical activity, and have body image concerns post-

surgery. These patients typically experienced less weight loss compared to those without 

depression. In a long-term follow-up spanning from 22 to 132 months post-bariatric 

surgery, it was observed that 50% of patients with depressive symptoms were associated 

with WR. Binge-eating has also been identified as a contributing factor to WR. Patients 

who had a history of binge-eating before surgery often continued this behavior post-

surgery, leading to WR. While it may be anatomically challenging for patients to binge 

eat after surgery, the quantity of food consumed can still be substantial for bariatric 

patients. Over time, the gastric pouch can enlarge, facilitating larger binge-eating 

episodes and contributing to WR  (El Ansari & Elhag, 2021). 

 

For patients who underwent LAGB, it was common to see conversions to RYGB or LSG 

when patients experienced WR or IWL. A significant 68.03% of patients expressed a 

desire to transition from LAGB to either RYGB or SG due to IWL. IWL emerged as the 

leading cause for revisional surgery, which accounted for 11% of all bariatric surgeries in 

the U.S. in 2022. Revisional surgery has proven effective, with evidence showing that 

conversion from LGB to either RYGB or SG resulted in weight loss, with the excess 
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weight loss ranging from 23% to 74% upon follow-up (El Ansari & Elhag, 2021). 

Patients who initially underwent SG could also opt for revisional surgery to RYGB. 

Based on two studies, this resulted in a 40% excess weight loss at 12 months, and in 

another study, a 23% excess weight loss after three years. Like primary bariatric surgery, 

revisional surgery offers similar benefits in terms of managing comorbidities. However, it 

is important to note that revisional surgery can pose greater risks compared to primary 

surgery. Unplanned admissions to the Intensive Care Unit (ICU) are often seen with 

revisional surgeries, along with longer operation times, extended hospital stays, a higher 

frequency of conversions to open surgery, and increased readmission rates. Given the 

higher complication rates, consideration of non-invasive options should be prioritized 

where possible (Mirkin et al., 2021). 

.
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CONCLUSION 

To address the escalating epidemic of obesity and its related health issues, it is 

important to focus on the treatment and prevention of obesity. Various treatment options, 

such as pharmacotherapy and physical activity can aid in weight loss and maintenance 

however, the most effective long-term treatment option that current research identifies is 

bariatric surgery. Patients have options for several procedures, including Gastric Sleeve, 

Gastric Bypass, and Gastric Balloon, each having their own benefits and risks. 

These surgical interventions not only aim at weight loss but also significantly reduce 

patients' food intake. Consequently, the reduction in excess body fat can naturally 

alleviate obesity-related co-morbidities. However, surgery alone may not guarantee 

weight loss; it should be complemented with a balanced diet and regular exercise. It is 

crucial to note the potential nutrient deficiencies that may occur post-surgery due to 

physiological changes affecting nutrient absorption. 

WR post-surgery is a common occurrence and can be influenced by multiple factors, 

including mental health, which impact patients' motivation for physical activity and 

dietary control. Despite the inherent risks, bariatric surgery offers significant benefits, 

enhancing individuals' quality of life and reducing mortality rates.
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