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Abstract

Background Morbid obesity is usually accompanied by both subcutaneous and visceral fat accumulation. Fat can

mimic an air bag, absorbing the force of a collision. We hypothesized that morbid obesity is mechanically protective

for hollow viscus organs in blunt abdominal trauma (BAT).

Methods The National Trauma Data Bank (NTDB) was queried for BAT patients from 2013 to 2015. We looked at

the rate of gastrointestinal (GI) tract injuries in all BAT patients with different BMIs. A subset analysis of BAT

patients with operative GI tract injuries was performed to evaluate the need for abdominal operation. Multivariate

analyses were carried out to identify factors independently associated with increased GI tract injuries and associated

abdominal operations.

Results A total of 100,459 BAT patients were evaluated in the NTDB. Patients with GI tract injury had a lower

proportion of morbidly obese patients [body weight index (BMI) C 40 kg/m2)] (3.7% vs. 4.2%, p = 0.015) and

instead had more underweight patients (BMI\ 18.5) (5.9% vs. 5.0%, p\ 0.001). The risk of GI tract injury

decreased 11.6% independently in morbidly obese patients and increased 15.7% in underweight patients. Of the

patients with GI tract injuries (N = 11,467), patients who needed a GI operation had a significantly lower proportion

of morbidly obese patients (3.2% vs. 5.3%, p\ 0.001). The risk of abdominal operation for GI tract injury decreased

57.3% independently in morbidly obese patients. Compared with underweight patients, morbidly obese patients had

significantly less GI tract injury (6.0% vs. 13.3%, p\ 0.001) and associated abdominal operation rates (65.2% vs.

73.3%, p\ 0.001).

Conclusion Obesity is protective in BAT. This translates into lower rates of GI tract injury and operation in morbidly

obese patients. In contrast, underweight patients appear to suffer a higher rate of GI tract injury and associated GI

operations.
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Introduction

The prevalence of obesity is rising rapidly in the USA and

other industrialized nations. Approximately one-third of

the US adult population is obese [1–3]. Obesity is a major

public health problem and is associated with a number of

medical problems and surgical complications [4–7]. Mor-

bid obesity [body weight index (BMI) C 40 kg/m2] is

especially thought a poor sign for patients’ outcomes [8, 9].

Morbid obesity is usually accompanied by both subcu-

taneous and visceral fat accumulation. Fat can mimic an air

bag, absorbing the force of a collision. Thick subcutaneous

and visceral fat might prevent injury to intra-abdominal

organs. We hypothesized that morbid obesity is a protec-

tive mechanism in blunt abdominal trauma (BAT). The

literature describes the ‘‘obesity paradox’’ as low mortality

in patients with high BMI due to their better nutrition

status, low-grade inflammatory response and macrophages

linked with adipocytes [10–12]. However, there are few

reports which discuss the cushion effect of obesity in

preventing injury.

Solid organs and the gastrointestinal (GI) tract are sur-

rounded by omentum and mesenteric fat. The relationship

between morbid obesity and GI tract injury in BAT patients

was evaluated in the current study. We tried to delineate

the characteristics of patients with GI tract injury and the

role of morbid obesity in BAT patients. In patients with GI

tract injuries, individuals who received abdominal opera-

tions were compared with those who did not. Two extreme

groups (morbid obesity vs. underweight patients) were also

compared to find support for our fat cushion theory.

Methods

The National Trauma Data Bank (NTDB) was queried for

BAT (ICD-9: 863–869) patients from July 1, 2012, to June

30, 2015. Patients with penetrating trauma, burn or

unknown mechanisms, missing key values, calculated

BMI\ 15 or[ 50 were excluded. Data for BMI and

abdominal operations were collected and evaluated.

We looked at the rate of GI tract injuries in all BAT

patients with different BMIs. Patients with and without GI

tract injury were compared to evaluate characteristics of GI

tract injury patients in BAT. A subset analysis of BAT

patients with operative GI tract injuries was performed to

evaluate the need for abdominal operation among patients

with different BMIs. Logistic regression analyses were

carried out to identify independent factors and the associ-

ated odds ratios of the above comparisons. Patients who

were underweight (BMI\ 18.5) and those with morbid

obesity were compared to evaluate the rate of GI tract

injury and the associated need for abdominal operations

between these two extreme groups. The current study was

approved by the Institutional Research Board of our insti-

tution. (Ref No. 18-073X)

Statistical analysis

In the current study, all the original files of NTDB with the

target data were merged and analyzed with R (V3.3.1).

Nominal data are presented as a percentage and were

compared using the Chi-square test, and numerical data are

presented as the mean and standard deviations and are

compared using the student’s t test (ISS was presented as

the median and interquartile range). A value of p\ 0.05

was considered statistically significant. Logistic regression

analysis was used to adjust for factors which might affect

GI tract injury and concomitant operations. Microsoft Ex-

cel (V16.13.1) was used for data entry and to draw asso-

ciated figures.

Results

During the 3-year study period, 100,459 BAT patients were

evaluated in the NTDB with a mean BMI of 27.1. There

were 11,467 (11.4%) patients with GI tract injury, and

8752 (76.3%, 8752/11467) of them received abdominal

operations. Overall GI injury rate decreased with increased

BMI (Fig. 1). As expected, abdominal operation rates also

decreased with higher BMIs in patients with GI tract injury

(Fig. 2).

Matthew Kaminsky

MKaminsky2@cookcountyhhs.org

Frederick Starr

fstarr@cookcountyhhs.org

Andrew Dennis

adennis@cookcountyhhs.org

Victoria Schlanser

vmoscardelli@gmail.com

Justin Mis

Justin.Mis@cookcountyhhs.org

Stathis Poulakidas

spoulakidas@cookcountyhhs.org

1 Department of Trauma and Burn Surgery, Stroger Hospital of

Cook County, Cook County Health and Hospital System and

Rush University, 1950 West Polk Street, 8th floor, Chicago,

IL 60612, USA

2 Department of Trauma and Emergency Surgery, Chang Gung

Memorial Hospital, Chang Gung University, Taoyuan,

Taiwan

1008 World J Surg (2019) 43:1007–1013

123



Table 1 shows comparisons between the BAT patients

with and without GI tract injuries. In patients with GI tract

injuries, 3.7% (427/11467) of the patients were morbidly

obese as compared to patients without GI tract injuries

(4.2%, 3747/88992) (p = 0.015). BAT patients with GI

tract injury also had a significantly higher proportion of

underweight patients (5.9% vs. 5.0%, p\ 0.001). The risk

of GI tract injury decreased 11.6% independently in mor-

bidly obese patients and increased 15.7% in underweight

patients (Table 2).

Among patients with GI tract injuries (N = 11,467),

there was an inverse relationship between BMI and the

need for abdominal operation (Fig. 2). Compared with

patients who did not undergo abdominal operations,

patients who underwent abdominal operations (N = 8752)

had significantly lower BMIs (26.9 vs. 27.4, p = 0.032) and

had a lower proportion of morbidly obese patients (3.2%

vs. 5.3%, p\ 0.001) (Table 3). The risk of abdominal

operation in patients with GI tract injury decreased 32.6%

independently in morbidly obese patients compared to

normal BMI (Table 4).

Injury severity score (ISS) along with weight was sig-

nificantly associated with GI tract injury. In the current

study, there were 5131 (5.1%) underweight patients and

4174 (4.2%) morbidly obese. While morbidly obese

patients were significantly older and female, these two

extreme groups had a similar ISS. Compared with under-

weight patients, morbidly obese patients had a significantly

lower GI tract injury rate (6.0% vs. 13.3%, p\ 0.001) and

associated abdominal operation rate (65.2% vs. 73.3%,

p\ 0.001) (Table 5).

Discussion

The results of the current study showed a protective

mechanism of obesity in BAT. Compared with under-

weight patients who lack such protection, morbidly obese

patients had a lower rate of GI tract injury and a lower need

for operation.

Morbid obesity is usually associated with abdominal and

visceral obesity. Accumulation of abdominal fat, particu-

larly in the visceral compartment, may confer the majority

of obesity-associated health risks. Abdominal obesity has

been linked to several metabolic and vascular diseases

[13–15]. Higher BMI is also associated with increased

technical difficulties and postoperative morbidity for

patients who need surgical treatment [16, 17]. Obese
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Fig. 1 Relationship between GI tract injury and BMI in all BAT patients
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trauma patients who may need both intensive medical care

and surgical treatment may have poorer outcomes than

non-obese patients [18–20].

Visceral fat is packed between the internal abdominal

organs and central abdominal fat encircles the torso. In

addition, the greater omentum covers the small and large

intestines. Internal organs might be protected by a thick

omentum and subcutaneous abdominal fat in obese

patients. Given the previously reported medical and sur-

gical morbidities associated with obesity, it is unclear

whether obesity in trauma is beneficial in the final analysis.
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Fig. 2 Relationship between abdominal operation and BMI in GI tract injury patients

Table 1 Comparisons between patients with and without GI tract injuries in BAT (N = 100,459)

With GI tract injuries (N = 11,467) Without GI tract injuries (N = 88,992) p value

Age 37.7 ± 21.3 38.8 ± 24.5 0.664a

Male (N, %) 7230 (63.1%) 55,836 (62.7%) 0.527b

ISS (median, interquartile range) 17, 9–29 17, 9–25 \ 0.001a

BMI 27.0 ± 6.2 27.1 ± 6.3 1.000b

Obesity (N, %) 3127 (27.3%) 24,885 (28.0%) 0.121a

Underweight (N, %) 682 (5.9%) 4449 (5.0%) \ 0.001b

Morbid obesity (N, %) 427 (3.7%) 3747 (4.2%) 0.015a

aStudent T test, bChi-square test

Table 2 Risk factors and associated odds ratio of GI tract injury in

BAT patients

Variables Odds ratio p value* 95% CI.

ISS 1.012 \ 0.001 1.010–1.013

Morbid obesity 0.887 0.021 0.801–0.982

Underweight 1.235 \ 0.001 1.136–1.346

*Logistic regression
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We sought to study whether obesity is beneficial in blunt

abdominal trauma patients who may or may not require an

operation.

The results of the current NTDB analysis show that

there is an inverse relationship between GI tract injury and

BMI in BAT patients (Fig. 1). Patients with GI tract inju-

ries had a significantly lower proportion of morbidly obese

patients (3.7% vs. 4.2%, p = 0.015). This group also had a

higher proportion of underweight patients (5.9% vs. 5.0%,

p\ 0.001) (Table 1). After controlling for covariates,

multivariate logistic regression analysis showed morbid

obesity was an independent protective factor for GI tract

injury in BAT patients (odds ratio = 0.887, p = 0.021).

Conversely, possibly due to the lack of protection of

abdominal and visceral fat, a very low BMI was an

independent risk factor of GI tract injury in BAT patients

(odds ratio = 1.235, p\ 0.001). When adjusted for injury

severity and demographics, the protective effect of BMI on

BAT persisted. Though most literature addresses the dis-

advantages of morbid obesity in medical and surgical

conditions, it is interesting that morbid obesity eventually

serves as a protective mechanism for patients in trauma.

The effect of morbid obesity on patients who require

operative treatment for GI tract injury raises another

interesting issue. BAT-related GI tract injury ranges from

minor bruising of the intestine to small perforation, and

even to complete devascularization or transection. For

high-grade GI tract injuries, such as perforation or tran-

section, surgical repair is usually needed. However,

patients with minor contusions of the GI tract or hematoma

can be treated non-operatively [21–23]. In the current

study, 24.7% of GI tract injury patients were treated non-

operatively. Patients who received abdominal operations

had significantly lower BMI (26.9 vs. 27.4, p = 0.032) and

a lower proportion of morbid obesity than patients who did

not receive operation (3.2% vs. 5.3%, p\ 0.001). Morbid

obesity independently predicts successful non-operative

management in GI tract injury (odds ratio = 0.674,

p = 0.002).

Contrasted with subcutaneous fat which encircles the

torso, visceral fat is inside the peritoneal cavity and packed

in between internal organs and the torso. Fat which

Table 3 Patients with GI tract injury with and without abdominal operations (N = 11,467)

Abdominal operation (?) (N = 8752) Abdominal operation (-) (N = 2715) p value

Age 37.6 ± 20.8 38.1 ± 22.9 0.144a

Male (N, %) 5443 (62.2%) 1787 (65.8%) \ 0.001b

ISS (median, interquartile range) 18, 10–29 14, 6–24 \ 0.001a

BMI 26.9 ± 6.0 27.4 ± 6.6 0.032a

Obesity (N, %) 2327 (26.6%) 800 (28.0%) 0.003a

Underweight (N, %) 500 (5.7%) 182 (6.7%) 0.063a

Morbid obesity (N, %) 284 (3.2%) 143 (5.3%) \ 0.001a

aStudent T test, bChi-square test

Table 4 Risk factors and associated odds ratio of abdominal opera-

tion in GI tract injury patients

Variables Odds ratio p value* 95% CI.

Male 0.851 0.001 0.776–0.932

ISS 1.023 \ 0.001 1.019–1.027

BMI – 0.208 –

Obesity – 0.246 –

Morbid obesity 0.674 0.002 0.524–0.867

*Logistic regression

Table 5 Comparisons between the patients with underweight and morbid obesity in the BAT patients

Underweight (N = 5131) Morbid obesity (N = 4174) p value

Age 19.1 ± 24.3 44.6 ± 17.6 \ 0.001a

Male (N, %) 2799 (54.6%) 2172 (52.0%) 0.004b

ISS (median, interquartile range) 13, 9–22 17, 10–26 0.076a

GI tract injury (N, %) 682 (13.3%) 250 (6.0%) \ 0.001a

Requirement of abdominal operation in GI tract injury patients (N, %) 500/682 (73.3%) 163/250 (65.2%) 0.019a

aStudent T test, bChi-square test
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surrounds the GI tract might protect the GI tract and reduce

injury severity.

High BMI is a major public health problem and is

associated with medical problems, including diabetes,

coronary artery disease, hypertension, hyperlipidemia and

certain types of cancer [4, 5, 24]. However, a low BMI

does not always lend itself to better outcomes. The World

Health Organization defines a BMI of less than 18.5 as

underweight, and this may point to malnutrition, or other

health problems [25]. Severely underweight individuals

may have a poor physiologic reserve and a weak immune

system, leaving them open to infection [26–28]. In addition

to lack of mechanical protection by adipose tissue, under-

weight patients may also lack physiologic protection pro-

vided by fat stores. Compared with morbidly obese

patients, underweight patients had a significantly higher

probability of GI tract injury (13.3% vs. 6.0%, p\ 0.001)

and the associated need for surgery (73.3% vs. 65.2%,

p = 0.019).

The National Trauma Data Bank with a BAT sample

size of 100,459 patients was evaluated in the current study.

The study is limited due to its retrospective nature and

missing data. It is also possible that some patients may

have been operated upon for solid organ injury and GI tract

injury was incidentally discovered and repaired. In addi-

tion, BMI does not exactly describe fat distribution. Waist

circumference is an alternative marker of abdominal fat

mass because of its correlation with abdominal fat mass

(subcutaneous and intra-abdominal) [29, 30]. Further

studies with prospective design and long-term follow-up

are needed. These studies need inclusion of the waist cir-

cumference and adipose distributions of patients in their

databases.

Conclusion

Obesity is protective in BAT. This translates into lower

rates of GI tract injury and operation in morbidly obese

patients. In contrast, underweight patients appear to suffer

a higher rate of GI tract injury and associated GI

operations.
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