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Abstract: Patients developing the short bowel syndrome (SBS) are at risk for hepatobiliary 

disease, as are morbidly obese individuals. We hypothesized that morbidly obese SBS 

individuals would be at increased risk for developing hepatobiliary complications. We 

reviewed 79 patients with SBS, 53 patients with initial body mass index (BMI) < 35 were 

controls. Twenty-six patients with initial BMI > 35 were the obese group. Obese patients 

were more likely to be weaned off parenteral nutrition (PN) (58% vs. 21%). Pre-resection 

BMI was significantly lower in controls (26 vs. 41). BMI at 1, 2, and 5 years was decreased 

in controls but persistently increased in obese patients. Obese patients were more likely to 

undergo cholecystectomy prior to SBS (42% vs. 32%) and after SBS (80% vs. 39%,  

p < 0.05). Fatty liver was more frequent in the obese group prior to SBS (23% vs. 0%,  

p < 0.05) but was similar to controls after SBS (23% vs. 15%). Fibrosis (8% vs. 13%) and 

cirrhosis/portal hypertension (19% vs. 21%) were similar in obese and control groups. 

Overall, end stage liver disease (ESLD) was similar in obese and control groups  

(19% vs. 11%) but was significantly higher in obese patients receiving PN (45% vs. 14%,  

p < 0.05). Obese patients developing SBS are at increased risk of developing hepatobiliary 

complications. ESLD was similar in the two groups overall but occurs more frequently in 

obese patients maintained on chronic PN.  
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1. Introduction 

Patients developing the short bowel syndrome (SBS) are at risk for hepatobiliary complications, 

especially if receiving parenteral nutrition (PN) [1]. Approximately one third of SBS patients will 

develop cholelithiasis [2]. Cholestasis and portal inflammation are present in two thirds of intestinal 

failure patients on PN; extensive portal fibrosis and cirrhosis develop later in 40% of such patients [3]. 

These complications have generally been attributed to several therapy related factors, including excess 

calories or lipid infusion, deficiencies of essential fatty acids or other nutrients, lack of enteral intake, 

toxicity of components of PN and sepsis [3]. However, there is increasing recognition that patient and 

intestinal failure related factors are also important [4]. 

Obesity is a low grade systemic inflammatory condition that is frequently associated with insulin 

resistance, hyperinsulinemia, hypertension, hyperlipidemia and coronary artery disease (the metabolic 

syndrome) [5]. Morbidly obese individuals (BMI > 35) have a higher incidence of hepatobiliary 

disease than normal weight individuals [6–8]. Cholelithiasis occurs in obese patients 5 times as often 

as non-obese (25% vs. 5%). The risk of liver disease, such as non-alcoholic fatty liver disease, 

(NAFLD) is also increased. Simple steatosis is present in 70%–90% morbidly obese patients and 

steatohepatitis in 20%–40% [7,8], 10%–30% of the latter will progress to cirrhosis and a small 

proportion to liver failure. Furthermore, obesity increases the risk of advanced fibrosis in chronic liver 

disease such as chronic hepatitis C [9]. Since obese patients who develop SBS remain obese, they may 

continue to be at risk for obesity related liver disease [10]. We hypothesized that morbidly obese 

individuals developing SBS would be at increased risk for developing hepatobiliary complications. 

2. Methods 

We retrospectively reviewed 79 adult patients with SBS evaluated at our center between 1990 and 

2008. Fitty-three patients with initial body mass index (BMI) < 35 were controls. Twenty-six patients 

with initial BMI > 35 were the obese group. SBS was defined as a small intestinal remnant <180 cm in 

length with associated malabsorption. Records were reviewed to determine patient age and gender, 

underlying cause of resection, presence of other risk factors for liver disease, status of the intestinal 

remnant and other digestive organs, presence of hepatobiliary disease pre and post resection, and 

nutritional management and outcome. Type I anatomy is end jejunostomy, type II jejunocolic 

anastomosis and type III jejuno-ileocolic anastomosis [9]. Diabetes mellitus (DM) was defined as the 

clinical diagnosis and treatment of type II diabetes. Bacterial overgrowth was documented by intestinal 

cultures with >10
5
 bacteria/mL. Central line infections were defined as an episode of culture proven 

infection and antibiotic treatment. Chronic alcohol use was defined as >1 drink/day for >1 year. 

Chronic parenteral nutrition (PN) was defined as continued requirement for PN > 1 year after 

developing SBS. Weight parameters were evaluated at 1, 2, and 5 years after SBS.  

Hepatobiliary disease was evaluated by serum liver function tests, radiologic imaging (ultrasound 

and computed tomography), endoscopic findings (portal hypertension), and histologic evaluation of 
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liver biopsies. Fibrosis was determined histologically. Biopsy was performed in 11 (21%) controls and 

5 (19%) obese patients. Fatty liver was a radiographic diagnosis. Cirrhosis/portal hypertension was 

determined by a combination of clinical findings, radiographic studies and histology. End stage liver 

disease (ESLD) was defined as severe hyperbilirubinemia (bilirubin > 6 mg/dL), hypoalbuminemia, 

and cirrhosis.  

Follow up ranged from 12 to 220 months, with mean follow up of 50 months for controls and  

56 months for obese SBS patients. Statistical comparisons were made utilizing analysis of variance and 

chi square tests, as appropriate, with p < 0.05 signifying significance. This study was approved by the 

UNMC Institutional Review Board. 

3. Results  

There were no differences in age, gender, or cause of resection between the two groups
 
(Table 1). 

The incidence of hepatitis and cirrhosis was similar prior to SBS in both groups. However, 

radiographic evidence of fatty liver prior to developing SBS was more frequent in the obese group  

(23% vs. 0%, p < 0.05).Obese patients were significantly more likely to have diabetes mellitus  

(23% vs. 4%, p < 0.05). Incidence of alcohol use, bacterial overgrowth and central line infection was 

similar (Table 1). Intestinal remnant length, anatomy type, and presence of the colon were not different 

between the two groups (Table 2). 

Table 1. Comparison of patient groups. 

 BMI < 35 BMI > 35 

Number 53 26 

Age mean range (years) 50 (19–80) 53 (31–82) 

Sex Female 37 (70%) 17 (65%) 

 Male 16 (30%) 9 (35%) 

Ethnicity  Caucasian  46 (87%) 24 (92%) 

 Hispanic 4 (5%) 2 (0%) 

 Afro-American 3 (8%) 0 (8%) 

Diagnosis   

Postoperative SBS 16 (30%) 8 (31%) 

Mesenteric Vasc. Disease 11 (21%) 7 (27%) 

Cancer/Irradiation 11 (21%) 3 (12%) 

Crohns Disease 8 (15%) 3 (12%) 

Other 6 (11%) 5 (19%) 

Medical history   

Bacterial overgrowth 16 (29%) 7 (27%) 

Central line infections 30 (57%) 16 (62%) 

Chronic alcohol use 7 (13%) 2 (8%) 

Cirrhosis 0 (0%) 0 (0%) 

Diabetes Mellitus 2 (4%) 6 (23%) * 

Fatty liver 0 (0%) 6 (23%) * 

Hepatitis 2 (4%) 0 (0%) 

BMI = Body Mass Index (kg/m
2
); SBS = Short Bowel Syndrome; * p < 0.05 vs. BMI < 35. 
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Table 2. Comparison of intestinal anatomy.  

 BMI < 35 BMI > 35 

Number 53 26 

Intestinal Length (cm)   

<60 21 (40%) 9 (35%) 

60–120 18 (34%) 10 (38%) 

>120 14 (26%) 7 (27%) 

Colon Present 44 (83%) 23 (88%) 

Anatomy type   

I 16 (30%) 7 (27%) 

II 29 (55%) 13 (50%) 

III 8 (15%) 6 (23%) 

BMI = Body Mass Index (kg/m
2
). 

Surgical rehabilitation (ostomy closure, intestinal lengthening and intestinal transplantation) had a 

similar occurrence in obese and control groups (46% vs. 36%) (Table 3). Transplants included  

3 liver-small intestine and 3 isolated small intestine in controls and 1 liver-small intestine and 

1 isolated small intestine in obese patients. Obese patients were more likely to be weaned off PN 

within 12 months of developing SBS (58% vs. 21%, p < 0.05). Obese patients were less likely to 

require PN at each category of remnant length and intestinal anatomy. Pre-resection BMI in controls 

was significantly lower than in obese patients. BMI at 1, 2, and 5 years was decreased in both controls 

and obese patients but was persistently increased in obese patients compared to controls (Table 4). 

Table 3. Comparison of intestinal rehabilitation. 

 BMI < 35 BMI > 35 

Number 53 26 

Medical rehabilitation   

No PN 8 (15%) 7 (27%) 

PN <1 year 3 (6%) 8 (31%) 

PN >1 year 42 (79%) 11 (42%) * 

PN by Remnant length (cm)   

<60 20/21 (95%) 5/9 (56%) * 

60–120 13/18 (72%) 3/10 (30%) * 

>120 9/14 (64%) 3/7 (43%) 

PN by Anatomy type   

I 12/16 (75%) 4/7 (57%) 

II 24/29 (83%) 4/13 (31%) * 

III 6/8 (75%) 3/6 (50%) 

Surgical rehabilitation   

Close ostomy 4 8 

Reversed segment 3 0 

Intestinal lengthening 6 2 

Intestinal transplant 6 2 

Total 19 (36%) 12 (46%) 

Deaths 4 (8%) 4 (15%) 

* p < 0.05 vs. BMI < 35; BMI = Body Mass Index (kg/m
2
); PN = Parenteral Nutrition. 
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Table 4. Comparison of body mass index. 

 BMI < 35 BMI > 35 

Number 53 26 

BMI (kg/m
2
)   

Mean   

Pre SBS 26 ± 5 
#
 41 ± 9 

1 year 23 ± 4 *
,#
 34 ± 7 *  

2 years 24 ± 3 *
,#
 34 ± 7 *  

5 years 22 ± 3 *
,#
 33 ± 9 *  

No. BMI > 35   

Pre SBS 0/53 (0%) 26/26 (100%) 

1 year 0/34 (0%) 8/20 (40%) 

2 years 0/29 (0%) 6/16 (38%) 

5 years 0/25 (0%) 4/16 (25%) 

IBW (%)   

Pre SBS 122 ± 20 
#
 190 ± 43  

1 year 107± 19 *
,#
 156 ± 34 * 

2 years 102 ± 15 *
,#
 160 ± 33 * 

5 years 101 ± 13 *
,#
 154 ± 40 * 

* p < 0.05 vs. Pre SBS; 
#
 vs. BMI > 35; BMI = Body Mass Index; IBW = Ideal Body Weight. 

Obese patients were more likely to have undergone cholecystectomy prior to SBS (42% vs. 32%,  

p < 0.05) (Table 5). Obese patients were also more likely to undergo cholecystectomy after developing 

SBS (80% vs. 36%, p < 0.05). There was no difference in the incidence of postresection 

cholecystectomy with or without chronic PN in the control (39% vs. 20%) and obese patients  

(86% vs. 75%). 

Table 5. Biliary disease in short bowel syndrome (SBS) patients. 

 BMI < 35 BMI > 35 

 PN No PN Total PN No PN Total 

Number 42 11 53 11 15 26 

Cholecystectomy        

Pre SBS 11 (26%) 6 (55%) 17 (32%) 4 (36%) 7 (47%) 11 (42%) * 

Post SBS 12 (29%) 1 (9%) 13 (22%) 6 (55%) 6 (40%) 12 (46%) * 

Normal       

Gallbladder 16 (38%) 4 (36%) 20 (38%) 1 (9%) 2 (13%) 3 (12%) 

Prophylactic 3 (7%) 0 (0%) 3 (6%) 0 (0%) 0 (0%) 0 (0%) 

Cholecystectomy       

* p < 0.05 vs. BMI < 35; SBS = Short Bowel Syndrome; PN = Parental Nutrition >1 year; BMI = Body Mass 

Index (kg/m
2
). 

Overall, the incidence of ESLD was similar in obese and control groups (19% vs. 11%) but was 

significantly higher in those patients receiving chronic PN (45% vs. 14%, p < 0.05) (Table 6). 

Radiographic evidence of fatty liver in the obese group was similar to controls after SBS  

(23% vs. 15%). Fibrosis and cirrhosis/portal hypertension were also similar in obese and control groups. 
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Table 6. Liver disease and its outcome. 

 BMI < 35 BMI > 35 

 PN No PN Total PN No PN Total 

Number 42 11 53 11 15 26 

Fatty Liver 8 (19%) 0 (0%) 8 (15%) 4 (36%) 2 (13%) 6 (23%) 

Fibrosis 7 (17%) 0 (0%) 7 (13%) 2 (18%) 0 (0%) 2 (8%) 

Cirrhosis/PHT 11 (26%) 0 (0%) 11 (21%) 4 (36%) 1 (7%) 5 (19%) 

End Stage Liver Disease 

Alive 3 (7%) 0 (0%) 3 (6%) 0 (0%) 0 (0%) 0 (0%) 

Liver Transplant 3 (7%) 0 (0%) 3 (6%) 1 (9%) 0 (0%) 1 (4%) 

Dead 0 (0%) 0 (0%) 0 (0%) 4 (36%) 0 (0%) 4 (15%) 

Total 6 (14%) 0 (0%) 6 (11%) 5 (45%) 0 (0%) 5 (19%) 

*p < 0.05 vs. BMI < 35; PN = Parenteral Nutrition >1 year; PHT = Portal Hypertension; BMI = Body Mass 

Index (kg/m
2
). 

4. Discussion  

An increasing number of morbidly obese individuals are developing SBS. This may be related to 

complications of bariatric procedures or the treatment of other intestinal disease in obese  

patients [10,11]. However, obesity is not a commonly recognized risk factor for outcome of  

intestinal failure [12]. 

Obese patients developing SBS were at increased risk of developing certain hepatobiliary 

complications compared to non-obese individuals. In the present study they were almost three times 

more likely to undergo cholecystectomy after developing SBS. The development of ESLD was similar 

in the two groups overall but occurred more frequently in obese than non-obese patients when 

maintained on PN for more than one year. The incidence of fatty liver, fibrosis, and cirrhosis was 

similar in the two groups. 

The explanation for these findings may rest in several important differences in the obese and  

non-obese SBS patients. Many of the obese patients remained morbidly obese after developing SBS. 

40% still had a BMI > 35 two years after developing SBS and the mean BMI at five years was 33. 

Thus, they would remain at risk for obesity related liver disease and other inflammatory complications 

related to the metabolic syndrome.  

Obese patients were less likely to require long term PN compared to non-obese patients. Overall, 

this should reduce the risk of complications in this group. However, those obese patients that were 

receiving PN were at greatest risk for ESLD. In this context PN may present another example of a 

“second hit” in patients with preexisting steatosis than can lead to the development of steatohepatitis 

and subsequent fibrosis [7,8]. This suggests that both obesity and PN are important determinants of 

ESLD in SBS patients.  

Obese patients have a higher incidence of pre-existing hepatobiliary disease. As noted previously, 

obese SBS patients were more likely to develop biliary tract disease preoperatively [6]. They were 

significantly more likely to develop cholelithiasis and cholecystitis post resection as well. Thus, the 

factors increasing risk of cholelithiasis preoperatively may remain after developing SBS. Obese SBS 

patients also had a higher incidence of preexisting fatty liver. However, the frequency of radiologic 
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fatty liver was similar to nonobese patients after developing SBS. This is an interesting observation 

that suggests that despite maintaining a higher BMI the obese patients have a reduced tendency to 

develop hepatic steatosis after developing SBS. 

There is a unique gut microbiome in obese individuals which might harvest more energy from the 

diet and also direct the host response to energy intake [13]. It has been speculated that this might 

produce the nutritional advantage manifest by preserved body weight and decreased PN requirements 

reported previously and further substantiated in the present study [11]. However, it is not clear if 

intestinal resection modifies the gut microbiome and more specifically the obese gut microbiome [14]. 

The gut microbiome may play a role in the development of nonalcoholic fatty liver disease  

(NAFLD) [15]. The obesity gut microbiome might also promote other types of liver injury. One 

potential mechanism might be loss of barrier function, which can occur in SBS patients, and 

predispose to inflammatory injury in the liver [5]. There is experimental evidence that obesity is 

associated with increased intestinal permeability and increased portal lipopolysaccharide levels which 

might contribute to liver inflammatory damage [16]. There was no difference in the incidence of 

bacterial overgrowth in the two groups in the present study. 

Obese SBS patients were more likely to have type 2 diabetes mellitus than their non-obese 

counterparts. Insulin resistance is a predictor of NAFLD and advanced hepatic fibrosis in obese 

patients [8,17]. Of the five patients developing ESLD in the obese group, three had BMI > 30 and DM 

(diabetes mellitus), and two had BMI < 25 and no DM. Thus, it is not clear if obesity and DM are 

independent risk factors in this small patient sample.  

There are several limitations to the present study. This is a retrospective study and patients were not 

evaluated in a uniform fashion. Histology was not routinely obtained or available and thus we are 

unable to perform a more sophisticated analysis of hepatic pathology. This is a referral based group of 

patients which may not accurately reflect the overall population of obese SBS patients. The incidence 

of liver disease may be greater in our population. We do not have specific information about dietary 

intake, e.g., fat or specific PN requirements. Reverse causation is another potentially confounding 

factor since some of the patients with normal weight at the time of SBS may have been obese 

previously. However, as this is the largest group of obese SBS patients reported in the in the literature, 

the observations made should have significance. 

5. Conclusions  

In summary, obesity is an important factor in the outcome of SBS. Obese patients maintain a higher 

BMI and are less likely to require long term PN than non-obese individuals. The present study suggests 

that obese patients developing SBS are at increased risk for hepatobiliary complications, especially if 

receiving PN. 
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