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Annotation  

As you know, acute cholecystitis is a disease that, if left untreated, can develop into 

systemic inflammation and lead to sepsis, organ failure and even death. In patients 

with the same acute cholecystitis, the severity of the course varies significantly: from 

simple inflammation of the gallbladder wall to complications limited to the nearby 

area, and to concomitant multiple organ failure. In some cases, acute cholecystitis can 

easily turn into complicated cholecystitis, which in a short time undergoes secondary 

changes in the form of hemorrhages, gangrenous formations, perforations. However, 

it is currently difficult to predict whether patients with acute cholecystitis have a 

complicated or uncomplicated course. Therefore, it is extremely important to develop 

methods for predicting the progression of acute cholecystitis in patients. 

  According to various reports, patients who had a longer operation time in 

laparoscopic cholecystectomy were more prone to biliary tract damage, and obese 

patients had a higher conversion rate as well as a higher proportion of biliary tract 

damage. At the same time, there are studies that have not confirmed intra- and 

postoperative complications associated with obesity. 

The above was the reason for this study. 
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Introduction 

Obesity has become a global problem. The increase in the number of obese people has 

become a national ailment not only in the United States  [1]  and Europe, but also in 

Asia and Japan [2].   Moreover, over the past 10 years, the prevalence of obesity in 

Japan has increased with age  [3], and the transition from overweight to obesity has 

become more pronounced in women than in men [4].    
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 Obesity has been reported to be a positive predictor of surgical morbidity. Some 

previous reports have shown that obesity is a positive predictor of surgical morbidity 

or poor prognosis for procedures such as gastrectomy  [5], colectomy [6], hepatectomy  

[7-9], and laparoscopic cholecystectomy (LC) [10, 11]. Meanwhile, others report that 

obesity does not increase morbidity or mortality after gastrectomy [12] and 

hepatectomy [13].   

HL is a standard surgery for benign gallbladder lesions. As soon as complications 

arise, the damage to the quality of life of patients becomes very profound. Only a few 

reports have evaluated the effect of obesity-related comorbidities on operational risk 

in patients after HL. This study aimed to compare outcomes between obese and non-

obese patients after HL. 

The first report on the effects of obesity and calorie intake on lipid metabolism in the 

biliary tract in humans was published in 1975  by Bennion LJ, Grundy SM. [ 59] . It 

was concluded that obesity is characterized by excessive hepatic secretion of 

cholesterol, which leads to a glut of bile. Bile cholesterol saturation did not decrease 

with weight loss, apparently due to the mobilization of cholesterol from fat depots and 

the marked reduction in bile acid and phospholipid yield seen in chronic calorie 

restriction. Acute changes in calorie injection rates did not fully replicate the effects 

of chronic administration of high- and low-calorie diets. Similarly, chronic 

consumption of hypercaloric diets by non-obese subjects did not reproduce 

hypersecretion cholesterol, characteristic of obese people. 

The above was the reason for this study. 

           

The aim of the study  was to review the literature on the effect of obesity and 

disorders of carbohydrate and lipid metabolism on the early postoperative period in 

patients after cholecystectomy.  

 

Prevalence of obesity and calculous cholecystitis. The World Health 

Organization (WHO) defines overweight and obesity as pathological conditions with 

abnormal or excessive accumulation of fat. Obesity tends to involve a complex 

interaction between genetic and environmental factors,  such as culture, 

socioeconomic status, and lifestyle, leading to an alarming health problem in the 21st 

century. According to the WHO, the overall prevalence of obesity has doubled in the 

United States and in most Western countries since 1980 and nearly tripled worldwide 

between 1975 and 2016 [14]. A total of 1.9 billion people were overweight and 650 

million adults were obese in 2016, representing 39% and 13% of the world's 

population, respectively [14]. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7332317/#B29
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Obesity rates are expected to continue to rise and are projected to reach 35% by 2025 

[15].  Obesity is associated with significant ill health consequences, including 

cardiovascular disease, hypertension, and diabetes [16]. Consequently, obesity is 

associated with increased morbidity and mortality compared to the general 

population [16].  In surgery, obesity is perceived as a risk factor for adverse 

postoperative outcomes, including a poorer prognosis and increased morbidity [17].   

Obesity is a well-known risk factor for gallstones [18,19].  Cholesterol stones are the 

most common type of gallstones found in obese people.  The formation of cholesterol 

stones in obesity is multifactorial and is primarily associated with metabolic disorders 

associated with hypersecretion of cholesterol by the liver [20, 21].  This increase in 

cholesterol secretion is associated with the activation of 3-hydroxy-3-methyl-glutaryl-

coenzyme A (HMG-CoA) reductase, which is activated in obesity by hyperinsulinemia 

[22-24]. The formation of gallstones is also accelerated with rapid weight loss after a 

very low-calorie diet or after bariatric surgery. Given these associations, obese people 

are more likely to have symptomatic gallstone disease requiring surgical treatment.  

Laparoscopic cholecystectomy (HL) is considered the gold standard for the treatment 

of acute cholecystitis [25].  Current literature suggests that HL in obese patients is 

associated with greater technical difficulties, increased conversion to open surgery, 

and higher rates of infection of the surgical site [26-27].  The technical difficulty 

during HL in obese patients is related to the problems associated with access to the 

abdominal cavity due to the larger pannus of the abdominal wall and the large amount 

of intra-abdominal fat, which makes it difficult to adequately intervene as well as 

adhesions. which arise as a result of the inflammatory process of cholecystitis with 

adjacent viscera and fat.  These intraoperative findings make it difficult to uncover the 

anatomy of Kahlo's triangle, and hence conversion to open cholecystectomy may 

sometimes be necessary. Other causes of conversion during HL in obese patients are 

severe inflammation and gallbladder necrosis, making laparoscopic dissection risky 

and unexpected bleeding.  

 

Known risk factors influencing the early postoperative period. 

According to the WHO [28], the Asian population has a different relationship between 

BMI, body fat percentage and health risk than the European population. Thus, it can 

be assumed that the health risk threshold for Asians is lower than the existing WHO 

threshold. Some reports used a value of 25 kg/m2 as the BMI threshold for  obesity in 

Japanese [29] and Koreans [30], respectively.   

A retrospective study of patients undergoing HL at the North Yokohama Hospital of 

Showa University from January 2017 to April 2020 (Japan) was conducted. A total of 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9305243/#ans17513-bib-0004
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563 cases were considered. The data were divided into two groups: the obese group (n 

= 142) (body mass index [BMI] ≥ 25 kg/m2) and the non-obese group (n = 241) (BMI  

< 25 kg/m2 ) [31]. The degree of obesity in the patient affected and prolonged the time 

of surgery, but did not affect the patient's outcome in this study. In conclusion, the 

authors noted that although surgery time was increased in obese patients, bleeding 

volume, conversion rate, complications, and length of hospital stay were not 

increased; therefore, HL can also be safely performed in obese patients with the same 

efficacy as in non-obese patients. 

Other authors have shown that the operation time was significantly longer in obese 

patients, since the amount of fat in the abdominal cavity was large, which took a long 

time to remove and remove [32, 33]. In addition, it was difficult to separate the 

gallbladder from the gallbladder bed. 

In 2021, the results of a multi-country study (USA, Taiwan) were published, which 

showed that morbid (morbid) obesity, but not obesity, is associated with increased 

mortality in patients undergoing endoscopic retrograde cholangiopancreatography 

(ERCP). The authors conducted a retrospective cohort study of the U.S. population 

using nationwide readmission databases (2013–2014). A total of 159,264 eligible 

patients were identified who had undergone ERCP, of which 137,158 (86.12%) were of 

normal weight, 12,522 (7.86%) were obese and 9584 (6.02%) were morbidly 

obese. The primary outcome was in-hospital mortality (greater than 1%). Secondary 

outcomes were length of stay, total cost, and complications associated with ERCP 

[34]. This study found that obesity is associated with a higher rate of severe and fatal 

outcomes.     

A systematic study of 16,855 patients undergoing ERCP found that 1.33% of patients 

developed cardiopulmonary complications after ERCP, which directly led to a 

mortality rate of 0.07%. [35].  A higher BMI was associated with an increased 

incidence of sedation-related complications, mainly pulmonary events, including 

apnea, oxygen desaturation, and airway obstruction with advanced endoscopic 

procedures. 

According to the Indian authors, preoperative and intraoperative factors such as male 

sex, advanced age, body mass index (BMI), history of abdominal surgery, 

leukocytosis, and ultrasound findings such as gallbladder distension, thick 

gallbladder mucosa, injected stone, and accumulation of pericholecystic fluid are risk 

factors. which makes LH technically complex and time-consuming [60].  At the same 

time, their The study concluded that gallbladder wall thickness, hammered stone, and 

previous cholecystitis attacks were significant risk factors in predicting complex 

laparoscopic cholecystectomy in the setting of acute calculous cholecystitis. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8259364/#ueg212070-bib-0023
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A multicenter study in Sweden in 2022 included 1,634 patients treated for acute 

cholecystitis at three Swedish centers between 2017 and 2020 [61]. The data was 

collected from electronic patient records and the Swedish gallbladder surgery registry 

Gallriks. Logistic regression was used to assess the risk of complications, adjusted for 

confounding factors: gender, age, BMI, Charlson's comorbidity index, degree of 

cholecystitis, smoking, and time to surgery. 725 patients were operated on an 

emergency basis for acute cholecystitis, 195 with SZ-1 (mild systemic disease), 375 

with SZ-2 (moderate systemic disease), and 152 with SZ-3 (severe systemic 

disease). Complications occurred in 9% of patients with SZ-1, 13% with SZ-2, and 24% 

with SZ-3. Patients with SZ-3 stayed an average of 2 days longer after surgery. After 

adjusting for other factors, the risk of complications in patients with SZ-3 was 2.5 

times higher than in patients with SZ-1. The risk of complications after elective 

surgery was 5% for patients with SZ-1, 13% for patients with SZ-2 and 14% for patients 

with SZ-3. Regardless of SZ, 18% of patients receiving conservative treatment had a 

second complication of cholelithiasis within 3 months. 

The effect of obesity on outcomes in patients undergoing emergency cholecystectomy 

for acute cholecystitis was studied in a multicenter study in Australia (2022). A 

retrospective review of patients who underwent emergency HL for acute cholecystitis 

in the period from March 2018 to March 2021 was carried out. A total of 326 patients 

who were stratified by body mass index (BMI) into two groups:  obese (BMI ≥30 

kg/m2, n =  156) and non-obese (BMI <30 kg/m2,  n =   170). Primary outcomes 

included length of hospital stay, time to radical surgery, and postoperative 

complications. Secondary outcomes included total surgery time and intraoperative 

findings. [62]. This study also found that although obesity was associated with greater 

difficulty in surgery, emergency HL can be safely performed in the treatment of acute 

cholecystitis, with similar postoperative outcomes achieved in both obese and non-

obese groups. These results are consistent with previous studies that evaluated the 

safety of elective HL in obese patients, who found that obesity was not associated with 

higher complications after surgery compared to non-obese patients [63-66]. While 

most studies did not report significant differences in conversion rates between groups, 

the Paajanen H. et al.found that obesity was associated with a higher conversion rate 

(11.7% vs. 6.1%, p = 0.0003) than in non-obese patients [67].  

 

Features of changes in biomarkers of inflammation in calculous 

cholecystitis with obesity.  

It is now known that white adipose tissue (BLT) is an endocrine organ that plays a key 

role in regulating metabolism, inflammation, and energy intake in addition to fat 
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storage [36]. Adipose tissue performs these functions by secreting cytokines, 

chemokines, and hormones, which are collectively called adipocytokines. Human 

obesity leads to an increase in leptin and a decrease in the production of adiponectin 

by adipocytes. These adipokines affect the infiltration of macrophages into fat, which 

in turn increases the production of pro-inflammatory cytokines such as TNF-α, IL-6 

and IL-1β. [36, 37].   Thus, visceral steatosis causes a local inflammatory process 

leading to organ dysfunction, with a well-known example of this phenomenon being 

non-alcoholic steatohepatitis.2In addition, gallbladder inflammation is known to 

occur in the early stages of gallbladder disease and is partly due to the effects of 

absorbed lipids from bile.  

It is known that hypertrophied adipocytes in obesity produce an increased amount of 

TNF-α. [38]. Moreover, these adipocytes develop reduced insulin sensitivity, which 

leads to an increased accumulation of triglycerides and a subsequent increase in 

adipocytes. [39, 40].   Hirata et al. hypothesized that cytokine secretion increases as 

the size of fat cells increases [41].   They found that increased triglyceride synthesis in 

adipocytes was associated with a concomitant increase in TNF-α expression. What's 

more, inhibition of triglyceride synthesis improved this increased production of TNF-

α. We showed a similar phenomenon with triglyceride levels in the gallbladder 

parallel to the expression of the TNF-α protein. Tumor necrosis factor-α also causes 

dysfunction of smooth muscle contractility, absorption, insulin resistance, and lipid 

peroxidation. [42, 43].   In addition, TNF-α increases the secretion of mucin, which is 

a cholesterol pronucleating agent. Inflammation of the gallbladder wall and 

hypersecretion of mucin have been shown to occur before gallstones form [44].     

Serum FFA levels in obese people have been shown to correlate with serum IL-6 levels 

[45, 46].  In addition, among FFAs, only saturated palmitic and myristic acids have 

been shown to correlate with IL-6 levels. [47].  This correlation is confirmed by animal 

studies showing the induction of IL-6 secretion in adipocytes by palmitates [48].  

Authors showed that the total amount of saturated free fatty acids in the gallbladder, 

palmitic and myristic acids is increased in obese mice on a diet with 45% CHO. In 

addition, in this group, the level of IL-6 is maximally increased. The consequences of 

an increase in IL-6 levels are increased insulin resistance, lipid peroxidation, and 

smooth muscle dysfunction [49].    Xiao et al. have documented that inflammation of 

the gallbladder leads to increased rates of oxidative stress. [50].   A potential 

mechanism for this observation may be lipid peroxidation induced by IL-6. In 

addition, hyperinsulinemia, secondary to increased insulin resistance, has been 

independently shown to increase oxidative stress in tissues.  Oxidative stress, in turn, 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2431458/#R2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8259364/#ueg212070-bib-0023
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8259364/#ueg212070-bib-0023
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8259364/#ueg212070-bib-0023
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8259364/#ueg212070-bib-0023
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8259364/#ueg212070-bib-0023
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8259364/#ueg212070-bib-0023
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causes damage to transmembrane receptors, such as cholecystokinin receptors, 

resulting in reduced contractility. [51].    

 Interleukin-1β, in addition to enhancing the effects of IL-6 on smooth muscle 

contractility and insulin resistance, also affects gallbladder absorption [51].   Rege et 

al. have shown that cytokines of the IL-1 family can alter the absorption and secretion 

of the gallbladder.  Normal concentration and acidification of bile protect against the 

formation of gallstones [52]. Therefore, IL-1β, by altering absorption, can enhance the 

formation of gallstones. The gallbladders of gallstone patients have been shown to 

have elevated cholesterol levels and a cholesterol/phospholipid ratio and reduced 

contractility. [53]. In addition, the elimination of excess cholesterol from the smooth 

muscles of the gallbladder normalized membrane fluidity and muscle contractility.  

These studies document that obesity and dietary carbohydrates increase total fat, 

triglycerides, and cholesterol in the gallbladder while increasing TNF-α and IL-1β 

levels in the gallbladder. In addition, obesity increases the amount of free fatty acids 

and IL-6. These findings suggest that obesity increases gallbladder fat and cytokines, 

and a high-carbohydrate diet exacerbates this phenomenon. Steatocholecystitis can, 

in turn, alter the mobility and absorption of the biliary tract, leading to biliary 

dyskinesia and eventually gallstones. 

According to a recent multicenter study in Korea (2020), Serum visfatin levels may 

reflect the severity of inflammation in patients with acute cholecystitis.  Visfatin is a 

key cytokine released by peripheral blood mononuclear cells (MCCs) as well as 

adipose tissue, and it is involved in the immune response as well as inflammation. The 

authors concluded that visfatin is a pro-inflammatory mediator that is activated 

during acute cholecystitis and is expected to increase for a short time after 

inflammation. Thus, measuring serum visfatin levels may be useful in predicting the 

severity of inflammation in patients with acute cholecystitis [54]. When considering 

the role of visfatin in gallbladder disease, attention should be paid to the fact that 

obesity is one of the most significant risk factors for gallstones [55 , 56]. It has been 

reported that in patients with obesity and type 2 diabetes mellitus, the level of 

circulating visfatin is significantly higher than in the control group [57], suggesting a 

strong link between visfatin and obesity-related inflammatory diseases, including 

diabetes, atherosclerosis, dyslipidemia and gallstone disease. Obesity is inevitably 

accompanied by an inflammatory response, which is characterized by elevated levels 

of systemic inflammatory cytokines and the accumulation of macrophages in adipose 

tissue [ 58] . In conclusion, the authors showed that visfatin may be a valuable early 

prognostic factor in acute cholecystitis. Patients with acute cholecystitis had higher 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8259364/#ueg212070-bib-0023
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7332317/#B29
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levels of visfatin mRNA in the MCPC, higher serum levels of visfatin, and higher levels 

of visfatin protein in the gallbladder than patients with chronic cholecystitis. 

Thus, based on the literature review, we can conclude: there is an increased risk of 

peri/postoperative complications in patients with SZ-3. Patients with SZ-3, if they are 

not candidates for emergency care, may be prioritized for elective procedures due to 

the high risk of second gallstone complications, while patients with SZ-1 and SZ-2 are 

operated on in acute care settings. 

Future studies will aim to identify a subgroup of patients at low risk of complications, 

even if they are technically SZ-3, for example, morbid obesity-only patients who had 

myocardial infarction many years ago without functional limitations and transient 

ischemic attacks but without stroke. In addition, identifying patients who will relapse 

can further help the decision-making process. There are models for predicting the risk 

of recurrence of gallstone diseases for targeted surgery in the highest-risk population 

[68]. However, the risk is mainly determined by the type of complication of 

cholelithiasis, where pancreatitis poses the highest risk and cholecystitis is the second 

most dangerous, the authors report [68] 

 

Findings 

1. Patients with severe systemic disease have an increased risk of complications, but 

not death after emergency surgery. 2. The risk is lower with elective procedures, but a 

significant proportion of patients will have new cholelithiasis complications before 

elective surgery 3. Further research is needed on the effect of obesity on the outcomes 

of laparoscopic cholecystectomy due to the inconsistency of the literature to date. 
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