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Abstract

The gallbladder provides rhythmic secretion of concentrated bile acids (BAs) during fasting and 

postprandially contributes to digestion of dietary lipids. In addition, BAs activate metabolic 

pathways governing gluco-lipid homeostasis and energy expenditure via the farnesoid X nuclear 

receptor (FXR), G protein-coupled BA receptor 1 (GPBAR-1), and fibroblast growth factor 19 

(FGF19) in the liver, intestine, brown fat, and muscle. Cholecystectomy is standard treatment 

worldwide for symptomatic gallstone patients. As excellently reviewed by Chen et al, 
cholecystectomy may disrupt enterohepatic recycling of, and signaling by, BAs. Further studies 

are needed to investigate whether gallbladder removal is an independent risk factor for 

development of the metabolic syndrome.

Cholecystectomy is the gold standard treatment of symptomatic gallstones of any type.1 In 

their review, Chen et al2 discuss the links between cholecystectomy and various components 

of the metabolic syndrome, and conclude that the procedure may be not safe as considered 

since decades.

The gallbladder is a ‘controller’ operating in concert with key pathways governing metabolic 

homeostasis. Hepatic bile is physiologically stored and concentrated in the gallbladder 

where cholesterol is solubilized together with phospholipids and bile acids (BAs) assembled 

as simple/mixed micelles and unilamellar/multilamellar vesicles. Secreted BAs, the major 

fraction of biliary lipids, undergo continuous enterohepatic recycling following active ileal 

transport (85%) and passive colonic diffusion (15%). Thus, BAs are essential for dietary fat 

absorption. Beside their mere ‘digestive’ effect, however, BAs are critical signaling agents 

controlling systemic homeostatic pathways of glucose, lipids and lipoproteins metabolism.
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3,4 Abnormalities in BA synthesis, secretion, and absorption have been implicated in 

metabolic disorders.3 Chen et al2 argue that cholecystectomy may dysregulate the 

homeostasis of whole-body metabolism. This topic deserves further attention because 

cholecystectomy, from time to time, would act as an additional risk factor and ‘a way 

forward’ for maturating the metabolic syndrome, or a ‘way back’ to perpetuate or aggravate 

the metabolic syndrome itself in patients with prior gallstones.

Cholesterol cholelithiasis as a ‘fellow traveler’ with metabolic syndrome

Cholesterol cholelithiasis is a ‘fellow traveler’ with metabolic syndrome, as originally 

foreseen by S Grundy.5 Chen et al2 also stresses this remarkable liason in the early section 

of their review. On one side, pathogenetic factors for cholesterol cholelithiasis are: gene 

polymorphism and expression,6,7 hepatic hypersecretion of cholesterol, gallbladder factors 

(stasis, inflammation, mucin accumulation facilitating crystallization of excess cholesterol), 

and intestinal factors (absorption of cholesterol,8 gut microbiota).9 On the other hand, 

sedentary life, and metabolic disorders with insulin resistance, diabetes mellitus, overweight 

and obesity, rapid weight loss, and high dietary cholesterol,8 intersect and are associated 

with pathogenetic factors of cholesterol cholelithiasis.10 Epigenetic factors and 

microRNAs11 regulate complex gene–environment interactions12 and also have an impact on 

insulin resistance and metabolic syndrome.13

Cholecystectomy is not a neutral event

Laparoscopic cholecystectomy is the preferred therapeutic option for the treatment of 

gallbladder stones of any type.1,14 A careful identification of ‘true’ symptomatic gallstone 

patients (ie, those with biliary colicky pain and/or gallstone-related complications) is 

mandatory before surgery, as surgery is not indicated in asymptomatic gallstone patients or 

in those with nonspecific symptoms.1 Chen et al2 underscore the central role played by the 

gallbladder in metabolic homeostasis, and accurately quotes nine studies showing increased 

prevalence of metabolic syndrome in cholecystectomized patients,15 and in complicated 

gallstone disease.16 Although the BA pool and dietary fat absorption are unaffected 

following cholecystectomy, the missing gallbladder function may favour single or multiple 

components of the metabolic syndrome, such as glucose,15 lipid homeostasis (serum 

cholesterol, triglycerides), blood pressure and cardiovascular disease,17 hepatic steatosis.18 

Notably, epigenetic changes involved in homeostasis of metabolic processes, ie, methylation 

of peroxisome proliferator-activated receptor gamma, coactivator 1-alpha, transcription 

factor A, interleukin-1 beta, interleukin-6, and tumor necrosis factor-α promoters, were 

detected one day after cholecystectomy in nonobese patients and in obese non-diabetic 

patients undergoing bariatric surgery by Roux-en-Y gastric bypass.19

The gallbladder is a physiological pacemaker of the enterohepatic circulation of BAs, and is 

controlled by complex neuro-hormonal regulatory mechanisms involving liver and intestine.
20 Following the postprandial cholecystokinin-mediated contraction, gallbladder refilling 

before the next meal is regulated by the vasointestinal peptide and intraluminal BAs, which 

act as natural signaling agents of the gallbladder GPBAR-1 (also named TGR5 and highly 

expressed in the epithelium and smooth muscle),21 and the human protein FGF19 (also 
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highly expressed in the mucosa).22 In figure 1, Chen et al2 depict BAs reaching the terminal 

ileum, entering the enterocytes and rhytmically activating the nuclear farnesoid X receptor 

(FXR) (the physiological intracellular ‘sensor’ of BAs). In turn, FXR stimulates the 

secretion of FGF19 into the portal circulation, activates its FGFR4 liver receptor leading to 

decreased gluconeogenesis and glycemia. The BA/FXR interaction in the hepatocyte is also 

involved in glucose homeostasis, lipid metabolism,23 and BA homeostasis itself, by 

modulating a set of gene expression involved in hepatic synthesis, uptake, and secretion,24 as 

well as intestinal absorption of BAs.25 BAs also activate the intestinal GPBAR-1 axis, 

providing further metabolic effects in the intestine (increased GLP-1 and insulin secretion), 

and brown fat/skeletal muscle (increased 3,5,3′-triiotothyronine and energy expenditure).

In this framework, cholecystectomy significantly deprives the body from a number of 

gallbladder functions acting as concentrating and pacing organ, with paramount ‘endocrine’ 

consequences during fasting and postprandially. Disrupted concentration, blunted 

transintestinal flow, and fast enterohepatic re-circulation of BAs acting as signaling 

molecules,26 will ultimately interfere with gene expression of BAs/FXR, and BA/GPBAR-1 

axes.25 A missing gallbladder will also impoverish the circulating levels of FGF19,27 and 

eliminate the gallbladder GPBAR-1. As reviewed by Chen et al2 this is a condition which 

promotes the shift toward unstable systemic abnormalities at root of the metabolic 

syndrome.

Future perspectives

Cholecystectomy is the standard surgical procedure performed in the subgroup of patients 

that develop symptoms and/or complications by gallstones of any type. In their review, Chen 

et al2 argue that cholecystectomy per se may cause metabolic abnormalities, and makes 

cholecystectomized patients metabolically different from gallstone patients with the 

gallbladder in situ. After cholecystectomy, metabolic abnormalities are likely mediated by 

the gallbladder loss-of-function (ie, concentrating effect and rhythmic episodes of 

contraction/refilling during fasting and fed periods, decrease of circulating FGF19 and 

GPBAR-1 density originating from the gallbladder). This, in turn, leads to disrupted 

transintestinal flow of BAs that produce abnormal metabolic signaling on gene expression, 

BA/FXR and BA/GPBAR-1, FGF19 axes in the liver, intestine, adipose tissue, and muscle. 

In this scenario, cholecystectomy becomes an additional ‘way forward’ or ‘a way back’ to 

metabolic syndrome in concert with genetic, epigenetic, dietary, and other metabolic 

dysfunctions in patients with prior gallstone disease.

As the prevalence of cholecystectomy is high worldwide, further studies need to address 

whether gallbladder removal is an independent risk factor for the development of the 

metabolic syndrome.
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