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Abstract

Background The obesity paradox has been recently demonstrated in trauma patients, where improved survival was

associated with overweight and obese patients compared to patients with normal weight, despite increased morbidity.

Little is known whether this effect is mediated by lower injury severity. We aim to explore the association between

body mass index (BMI) and renal trauma injury grade, morbidity, and in-hospital mortality.

Methods A retrospective cohort of adults with renal trauma was conducted using 2013–2016 National Trauma Data

Bank. Multiple regression analyses were used to assess outcomes of interest across BMI categories with normal

weight as reference, while adjusting for relevant covariates including kidney injury grade.

Results We analyzed 15181 renal injuries. Increasing BMI above normal progressively decreased the risk of high-

grade renal trauma (HGRT). Subgroup analysis showed that this relationship was maintained in blunt injury, but there

was no association in penetrating injury. Overweight (OR 1.02, CI 0.83–1.25, p = 0.841), class I (OR 0.92, CI

0.71–1.19, p = 0.524), and class II (OR 1.38, CI 0.99–1.91, p = 0.053) obesity were not protective against mortality,

whereas class III obesity (OR 1.46, CI 1.03–2.06, p = 0.034) increased mortality odds. Increasing BMI by category

was associated with a stepwise increase in odds of acute kidney injury, cardiovascular events, total hospital length of

stay (LOS), intensive care unit LOS, and ventilator days.

Conclusions Increasing BMI was associated with decreased risk of HGRT in blunt trauma. Overweight and obesity

were associated with increased morbidity but not with a protective effect on mortality. The obesity paradox does not

exist in kidney trauma when injury grade is accounted for.
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Abbreviations

AAST American Association for the

Surgery of Trauma

BMI Body mass index

ED Emergency department

GCS Glasgow coma scale

HGRT High-grade renal trauma

Intensive Care Unit ICU

ISS Injury severity score

LOS Length of stay

LGRT Low-grade renal trauma

NTDB National Trauma Data Bank

RR Risk ratio

US United States

WHO World Health Organization

Introduction

The kidney is the third most commonly injured organ in

abdominal trauma and the second most commonly injured

in penetrating trauma [1]. Traumatic renal injury is asso-

ciated with in-hospital complications and mortality in 33%

and 14% of cases, respectively [2]. Studying the mechanics

of renal injury could lead to improved trauma therapeutics,

safety equipment, and outcomes.

The obesity paradox is the apparent association of

increased survival in overweight and class I obese patients

compared to normal weight patients, despite higher mor-

bidity [3]. Originally established in cancer [4–6], cardio-

vascular [7, 8], and other chronic diseases [9, 10], the

obesity paradox has been recently observed in trauma

patients in two large cohorts [3, 11]. Although several

hypotheses have been proposed to explain the obesity

paradox, it is unknown whether the protective effect of

higher body mass index (BMI) is caused by less severe

injuries or an increased injury tolerance. This analysis is

limited, at least in part, by the difficulty in comparing

trauma severity across multiple organs. The American

Association for the Surgery of Trauma (AAST) has

developed an anatomical-based severity grading system for

providers to communicate renal injury which can objec-

tively assess renal trauma severity across potential groups

of interest [12].

We sought to examine the relationship between BMI

categories as defined by the World Health Organization

(WHO) and outcomes of injury grade and in-hospital

mortality in patients with kidney trauma using a large

dataset. Understanding the role of BMI in trauma morbidity

and mortality, in addition to the mechanism by which its

effects are mediated, aids risk stratification and clinical

decision making. We hypothesize that being overweight

and obese does not improve survival when controlling for

AAST kidney injury grade.

Material and methods

Data source and study design

The National Trauma Data Bank� (NTDB) is a large US

and Canadian trauma registry that includes comprehensive

injury data [13]. We performed a retrospective cohort using

NTDB data between 2013 and 2016, and following the

STROBE guidelines for observational studies [14]. Insti-

tutional review board exemption was provided given that

all data were de-identified.

Study population and measurements

We identified patients age 18 or older with renal trauma

using ICD-9 codes (866.01; 866.02; 866.03; 866.11;

866.12; 866.13) or ICD-10 codes (S37.01-S37.019;

S37.02-S37.029; S37.03-S37.039; S37.04-S37.049;

S37.05-S37.059; S37.06-S37.069) (n = 43,166). We used

methods described by Moore et al. to convert the Abbre-

viated Injury Scale to AAST grade [12, 15, 16]. We

excluded patients that did not map to a specific AAST

grade (n = 23,931) and patients who died in the field or in

the emergency department (ED) (n = 846). BMI was

classified according to the WHO categories (under-

weight\18.5; normal weight 18.5–24.9; overweight

25.0–29.9; class I obesity 30.0–34.9; class II obesity

35.0–39.9; class III obesity C 40). We excluded patients

with incomplete data (n = 2646) and outliers of weight and

height using cutoff points from published literature

(weight\30 kg or[ 600 kg; height\ 80 cm or[ 250

cm, n = 562) [3]. For each case, we collected: age, sex,

race, mechanism of injury (blunt vs penetrating), Injury

Severity Score (ISS), pulse at arrival to ED, hypotension

(systolic blood pressure\ 90) at arrival to ED, initial

Glasgow Coma Scale (GCS), trauma center level, intensive

care unit (ICU) admission, ventilator use, blood transfu-

sion, angioembolization use, length of stay (LOS), ICU

LOS, ventilator days, comorbidities, complications, and

hospital disposition. Low-grade renal trauma (LGRT) was

defined as AAST grades I–II, whereas high-grade renal

trauma (HGRT) was AAST grades III–V. To identify if a

patient underwent surgery, we used ICD-9 codes (55.51;

55.52; 55.53; 55.54; 55.4) and ICD-10 codes (0TT00ZZ;

0TT04ZZ; 0TT10ZZ; 0TT14ZZ; 0TT20ZZ; 0TT24ZZ;
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0TT30ZZ; 0TT40ZZ; 0TB10ZZ; 0TB00ZZ; 1PC89LB) for

nephrectomy and ICD-9 codes (55.81; 55.86; 55.87; 55.89)

and ICD-10 codes (0TQ00ZZ; 0TQ03ZZ; 0TQ04ZZ;

0TQ07ZZ; 0TQ08ZZ, 0TQ10ZZ; 0TQ13ZZ; 0TQ14ZZ;

0TQ17ZZ; 0TQ18ZZ; 0TQ30ZZ; 0TQ33ZZ; 0TQ34ZZ;

0TQ37ZZ; 0TQ38ZZ; 0TQ40ZZ; 0TQ43ZZ; 0TQ44ZZ;

0TQ47ZZ; 0TQ48ZZ) for nephrorrhaphy.

Statistical analysis

Descriptive statistics were reported as frequencies and

percentages. Continuous variables were assessed for nor-

mality and reported as medians and interquartile ranges

(IQR) or means and standard deviations (SD) accordingly.

Mann–Whitney U or student-t test and Chi-square tests

were used to compare continuous and categorical variables,

respectively.

Multiple regression analysis was done to examine the

association between BMI categories and HGRT with a

priori adjustment for age, sex, mechanism of injury, and

ISS. This was done using Poisson regression with robust

SE reporting, since outcome (HGRT) was a common event

(52%) and logistic regression would overestimate the risk

ratio (RR) [17]. Subgroup analysis by mechanism of injury

(blunt vs penetrating) was performed. Penetrating injuries

were further classified as gunshot vs stab wounds. A sen-

sitivity analysis performed by defining HGRT as AAST

grades IV–V exclusively did not yield any material chan-

ges in our findings.

We used logistic regression to assess the adjusted odds

ratios (OR) for inpatient mortality across BMI categories.

Following published guidelines on studying mortality using

NTDB, we controlled for age, sex, anatomical severity

(ISS, AAST grade, initial GCS), physiological severity

(hypotension, pulse, transfusion), mechanism of injury,

presence of traumatic brain injury, and trauma center level

[18]. The final model also controlled for comorbidities

(bleeding disorder, cirrhosis, and disseminated cancer), and

undergoing any intervention (nephrectomy, nephrorrhaphy,

or angioembolization), chosen according to their signifi-

cance levels (p\ 0.1 in backward selection).

For our secondary analysis, we fit multiple logistic

regression models using backward stepwise selection to

assess the association between BMI categories and the odds

of undergoing any intervention, nephrectomy, nephrorrha-

phy, or angioembolization. We also used logistic regres-

sion to assess the adjusted OR of developing acute kidney

injury (AKI) or cardiovascular events (composite outcome

defined as myocardial infarction, cardiac arrest, pulmonary

embolism, or cerebrovascular accident/stroke due to low

outcome rate of individual components) across BMI cate-

gories. Covariates for AKI and cardiovascular events were

chosen based on literature review and included age, ISS,

GCS, hypotension, pulse, mechanism of injury, AAST

grade, nephrectomy, sepsis, and comorbidities (alcohol

abuse, hypertension requiring medication, congestive heart

failure, diabetes mellitus, chronic kidney disease, previous

myocardial infarction, angina within the past 30 days,

history of stroke) [19–21]. Finally, we assessed the fol-

lowing continuous variables across BMI categories using

multiple linear regression models for patients who survived

to discharge: LOS, ICU LOS, and ventilator days. Models’

fit was assessed using the Pearson goodness-of-fit test.

Due to limited ability to adjust for other organ injuries

while assessing mortality and secondary outcomes, we

performed a sensitivity analysis by considering only

patients with isolated renal trauma. All statistical analysis

was performed using Stata� version 16.1 and with a

p\ 0.05 considered significant.

Results

Our final cohort consisted of 15,181 renal trauma patients.

Median age was 33 years (IQR 24–52), and 11,450

(75.4%) were males. The most common BMI category was

normal weight (35.2%), followed by overweight (32.7%),

class I obesity (17.1%), class II obesity (6.8%), class III

obesity (5.6%), and underweight (2.4%) (Table 1).

Injury grade

Overweight and obese patients had significantly lower

proportions of HGRT (between 40.5 and 52.3%) compared

to normal weight (56.9%) (Table 1). In the adjusted anal-

ysis, increasing BMI above normal was associated with a

progressive decrease in risk of HGRT (Fig. 1) compared to

normal weight (overweight: RR 0.94, CI 0.90–0.97,

p\ 0.001; class I obesity: RR 0.86, CI 0.82–0.89,

p\ 0.001; class II obesity: RR 0.86, CI 0.81–0.92,

p\ 0.001; class III obesity: RR 0.75, CI 0.69–0.82,

p\ 0.001). Underweight was not associated with risk of

HGRT (RR 1.02, CI 0.93–1.11, p = 0.714). In subgroup

analysis by mechanism of injury, the relationship between

BMI and HGRT remained in blunt trauma but not in

penetrating trauma (Table 2). Further subclassification of

penetrating trauma did not demonstrate any association in

gunshot or stab wounds (‘‘Appendix in Table 5’’).

In-hospital mortality

There were 817 (5.38%) in-hospital mortalities within the

cohort. Stratified by BMI, mortality was lowest in indi-

viduals with normal weight (4.5%) and highest in class III

obese (7%) (Table 1). After adjusting for covariates (in-

cluding AAST grade), overweight, class I, and class II
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Fig. 1 Poisson regression

analysis of high-grade renal

trauma (HGRT) risk stratified

by BMI category

Table 2 Subgroup analysis depicting the adjusted risk ratio (RR) for the association between BMI and HGRT by mechanism of injury

BMI category Mechanism of injury

Overall Blunt Penetrating

RR (95% CI) p RR (95% CI) p RR (95% CI) p

Underweight 1.02 (0.93–1.11) 0.714 1.01 (0.92–1.12) 0.7 0.99 (0.85–1.14) 0.915

Normal weight Reference Reference Reference

Overweight 0.94 (0.9–0.97) \0.001 0.91 (0.88–0.95) \0.001 0.99 (0.94–1.05) 0.989

Class I obesity 0.86 (0.82–0.89) \0.001 0.82 (0.78–0.87) \0.001 0.97 (0.90–1.04) 0.498

Class II obesity 0.87 (0.81–0.92) \0.001 0.82 (0.75–0.89) \0.001 1.04 (0.94–1.14) 0.387

Class III obesity 0.75 (0.69–0.82) \0.001 0.71 (0.64–0.78) \0.001 0.91 (0.81–1.04) 0.184

Table 3 Regression analysis of in-hospital mortality odds stratified by BMI categories

BMI category Overall HGRT non-HGRT

OR (95% CI) p OR (95% CI) p OR (95% CI) p

Underweight 1.67 (1.01–2.75) 0.047 0.89 (0.43–1.85) 0.76 4.4 (2.09–9.11) \ 0.001

Normal weight Reference Reference Reference

Overweight 1.02 (0.83–1.25) 0.841 0.99 (0.77–1.29) 0.976 1.02 (0.73–1.43) 0.885

Class I obesity 0.92 (0.71–1.19) 0.524 0.94 (0.67–1.31) 0.706 0.87 (0.58–1.29) 0.485

Class II obesity 1.38 (0.99–1.91) 0.053 1.54 (1.02–2.32) 0.041 1.15 (0.67–1.98) 0.613

Class III obesity 1.46 (1.03–2.06) 0.034 2.23 (1.43–3.48) 0.001 0.84 (0.48–1.47) 0.55
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obesity were not protective against mortality, whereas

underweight and class III obesity were associated with

increased odds of mortality (Table 3).

Secondary outcomes

On adjusted analysis, BMI was not associated with the

odds of receiving an intervention or undergoing nephrec-

tomy (Table 4). There was a stepwise increase in the odds

of developing AKI with increasing BMI categories, and all

obese groups had elevated odds of developing cardiovas-

cular events compared to normal weight patients (Table 4).

Furthermore, there was a stepwise increase in total hospital

LOS, ICU LOS, and ventilator days among patients who

survived to discharge with each successive increase in BMI

group above normal weight (Fig. 2). Compared to patients

with normal weight, overweight, class I obese, class II

obese, and class III obese patients spent 0.68 (CI

0.20–1.15, p = 0.005), 1.72 (CI 1.14–2.29, p\ 0.001),

2.72 (CI 1.91–3.53, p\ 0.001), and 4.21 (CI 3.34–5.09,

p\ 0.001) more days on average in total hospital stay,

respectively (Fig. 2). They also spent 0.47 (CI 0.09–0.86,

p = 0.016), 1.36 (CI 0.89–1.82, p\ 0.001), 1.99 (CI

1.33–2.65, p\ 0.001), and 3.2 (CI 2.48–3.92, p\ 0.001)

more days on average in ICU, and 0.28 (CI - 0.32–0.89,

p = 0.365), 1.16 (CI 0.42–1.89, p = 0.002), 2.06

(1.06–3.05, p\ 0.001), and 3.35 (CI 2.29–4.40, p\ 0.001)

more days on average on ventilator.

Sensitivity analysis

There were 1323 (8.7%) patients with isolated renal

trauma. Sensitivity analysis for in-hospital mortality and

secondary outcomes of morbidity was not qualitatively

different from our main results when we only considered

these patients (‘‘Appendices in Table 6 and Figure 3’’);

however, the low number of patients and outcome events in

Table 4 Adjusted analysis of clinical outcomes of adult renal trauma patients stratified by BMI

Normal weight Underweight Overweight Class I obesity Class II obesity Class III obesity

Any intervention

OR (95% CI) Reference 0.86 (0.54–1.36) 1.07 (0.91–1.26) 0.86 (0.69–1.06) 0.84 (0.62–1.14) 0.77 (0.54–1.10)

p 0.528 0.367 0.174 0.287 0.165

Nephrectomy

OR (95% CI) Reference 0.88 (0.51–1.50) 1.05 (0.87–1.26) 1.20 (0.95–1.52) 0.87 (0.60–1.25) 0.94 (0.62–1.41)

p 0.645 0.603 0.119 0.465 0.769

Nephrorrhaphy

OR (95% CI) Reference 1.39 (0.69–2.79) 1.43 (1.09–1.87) 0.88 (0.59–1.30) 1.20 (0.72–1.99) 1.04 (0.58–1.88)

p 0.353 0.008 0.526 0.463 0.878

Angioembolization

OR (95% CI) Reference 0.41 (0.09–1.71) 0.97 (0.69–1.37) 0.39 (0.22–0.70) 0.99 (0.54–1.80) 0.46 (0.18–1.16)

p 0.223 0.88 0.002 0.975 0.104

AKI

OR (95% CI) Reference 1.17 (0.56–2.43) 1.64 (1.26–2.13) 1.94 (1.44–2.60) 2.14 (1.47–3.13) 3.10 (2.13–4.51)

p 0.661 \0.001 \0.001 \ 0.001 \0.001

Cardiovascular events

OR (95% CI) Reference 1.07 (0.57–1.98) 1.14 (0.91–1.44) 2.01 (1.58–2.55) 1.64 (1.18–2.28) 2.26 (1.62–3.15)

p 0.827 0.227 \0.001 0.003 \0.001
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Fig. 2 Regression analysis comparing total hospital LOS, ICU

LOS, and ventilator days across BMI categories
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each BMI (‘‘Appendix in Table 7’’) limited the power to

obtain statistical significance in some instances.

Discussion

We report on the impact of BMI on renal trauma grade and

outcome. We found increasing BMI above normal to pro-

gressively decrease the risk of HGRT. This relationship

applied only in blunt trauma and not in penetrating trauma.

When accounting for covariates, only extremes of BMI

(underweight and class III obesity) were associated with

increased in-hospital mortality. Increasing BMI was not

associated with the risk of undergoing any intervention, or

risk of nephrectomy, but was associated with increased

AKI, cardiovascular events, longer total hospital LOS, ICU

LOS, and ventilator days.

This study expands on the role of BMI in trauma out-

comes reported in the literature. Arbabi et al. [22] studied

crash injuries in relation to biomechanical factors and

found that overweight patients had the least severe

abdominal injury. The protection was attributed to

increased insulating tissue by extra adiposity. Similar

findings were demonstrated by Stein et al. where multi-

variate analysis showed higher BMI to be associated with

lower risk of pelvic fracture in near-side lateral motor

vehicle collisions [23]. The protective effect was assumed

to be due to a cushion effect of increased soft tissue. Wang

et al. [24] found increased subcutaneous fat depth to be

associated with decreased injury severity to the abdominal

region. In a population-based cohort by Schott et al., hip

fracture risk was reduced by 40% for a standard deviation

increase in fat mass, while changes in lean body mass did

not affect fracture rates [25]. Furthermore, Fu et al. found

that obese patients with blunt abdominal trauma sustained

less gastrointestinal tract injuries and associated surgery

[26]. These reports support the hypothesis that fat mass

could aid better tolerating mechanical force incurred in

trauma.

We postulate that the protective effect of higher BMI

depicted in our study is due to extra adipose tissue acting as

a shock absorber, thereby reducing damage to vital organs.

An important distinction is that the risk of HGRT was not

altered in cases of penetrating trauma. It has been

hypothesized that acceleration/deceleration injuries from

blunt trauma injure the kidney at natural weak points [27].

Thus, blunt trauma force could be less transmitted to those

weak points if larger nearby fat surface area or thickness is

present. On the other hand, injury in penetrating wounds

results from an object’s trajectory through renal par-

enchyma, and not related to diffuse pressure exerted around

the kidney [27].

In this study, patients with class III obesity had

increased adjusted mortality odds, which is in line with

prior literature [28]. This could be explained by increased

morbidity in these patients, who had the longest hospital

LOS, ICU LOS, and ventilator days. Underweight was also

associated with increased mortality. Similar findings were

reported in general trauma patients [3]. ICU admission is

associated with a state of malnutrition; thus, depleted

energy stores and poor immune function probably con-

tribute to mortality risk in this group [29].

Studies reporting the obesity paradox in trauma pro-

posed several mechanisms to explain the counterintuitive

relation between higher than normal BMI and improved

survival. These include: 1. upregulation of cytokines pro-

duced by adipose tissue, especially leptin, which alter

susceptibility to infection and toxicity of proinflammatory

stimuli [30]; 2. visceral triglyceride saturation interferes

with triglyceride interaction and lipolysis, reducing lipo-

toxic systemic injury and organ failure [31]; 3. presence of

high nutritional reserves enable tolerance to malnutrition

states associated with ICU admission [29, 32]; 4. short-

comings of BMI in differentiating adiposity from muscle

mass, highlighted by studies that found that the obesity

paradox disappeared when using alternative adiposity

measures (like waist-to-hip ratio) [33, 34]. We hypothesize

that studies reporting obesity paradox in trauma missed

adjusting for an objective and accurate measure comparing

injury grade. In our present study, this was mitigated by

controlling for AAST renal injury grade.

Increasing BMI demonstrated a linear relationship with

AKI, LOS, ICU LOS, and ventilator days. Obese patients

were also at higher risk of cardiovascular events. These

patients are exposed to a chronic inflammatory state and

high level of baseline pro-inflammatory cytokines which

could contribute to higher morbidity [35–37]. The findings

are consistent with other studies of trauma patients

[3, 28, 38]. Obese patients have several respiratory com-

plications, including reduced lung volumes, compliance,

and gas exchange, leading to difficulty weaning from

mechanical ventilation [39].

Conservative management for renal trauma is increas-

ingly popularized aiming to maximize renal salvage

[40–42]. Our findings support this trend in patients with

abnormal BMI, who are at greater operative risk due to the

increased morbidity demonstrated. The increased mortality

observed at BMI extremes does not necessarily warrant a

more aggressive management approach, since the cause of

death in these patients is not presumed to be directly due to

their kidney trauma.

The study limitations merit mention. The NTDB has

several inherent limitations as it is not a population based

dataset, thus may not be representative of all trauma hos-

pitals. Excluded cases with missing data (mostly due to
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cases that did not map to any AAST grade) could have

introduced some selection bias. Other limitations include

missing data and possible coding errors. However, the large

sample size of this cohort is likely resistant to these biases.

Although we controlled for many covariates in our mod-

eling adhering to published guidelines, there could be

unknown or unmeasured confounders not accounted for.

The absence of laboratory-specific data hindered our ability

to analyze valuable factors such as serum inflammatory

markers. There was limited granularity in several variables

(such as renal function data and cause of death, and

detailed circumstances of injury beyond blunt vs pene-

trating, such as crash severity if motor vehicle collision and

velocity impact) which could have further informed our

analysis. Finally, there was no information on the long-

term outcomes of renal trauma patients.

Increasing BMI above normal decreases the risk of

HGRT in blunt trauma. The obesity paradox does not exist

in kidney trauma when injury grade is accounted for.

Extremes of weight in both directions increase the risk of

mortality in these patients. Further prospective studies are

needed to confirm these findings across different types of

trauma.

Appendix

See Fig. 3.

See Tables 5, 6, 7.
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Fig. 3 Regression analysis comparing total hospital LOS, ICU

LOS, and ventilator days across BMI categories in sub-population

of patients with isolated kidney trauma

Table 5 Subgroup analysis depicting the adjusted risk ratio (RR) for the association between body mass index (BMI) and high-grade renal

trauma in penetrating injury classified as stab versus gunshot wounds

BMI category Penetrating injury

Stab wound Gunshot wound

RR (95% CI) p RR (95% CI) p

Underweight 1.37 (0.97–1.94) 0.067 0.98 (0.84–1.14) 0.839

Normal weight Reference Reference

Overweight 1.06 (0.91–1.23) 0.411 0.98 (0.92–1.03) 0.528

Class I obesity 1.01 (0.79–1.29) 0.918 0.97 (0.90–1.05) 0.565

Class II obesity 1.14 (0.88–1.49) 0.306 0.98 (0.88–1.09) 0.782

Class III obesity 0.72 (0.44–1.17) 0.193 0.93 (0.81–1.05) 0.270

Table 6 Sensitivity analysis for clinical outcomes using sub-population of patients with isolated kidney trauma

BMI category Mortality AKI Cardiovascular events

OR (95% CI) p OR (95% CI) p OR (95% CI) p

Underweight (no observations) (no observations) (no observations)

Normal weight Reference Reference Reference

Overweight 0.71 (0.18–2.76) 0.623 2.34 (0.62–8.8) 0.207 0.91 (0.29–2.89) 0.882

Class I obesity 0.67 (0.11–4.06) 0.67 4.71 (1.14–19.3) 0.031 2.15 (0.68–6.78) 0.188

Class II obesity 2.43 (0.36–16.1) 0.358 19.4 (4.08–92.6) \0.001 (no observations)

Class III obesity 5.12 (1.10–23.7) 0.036 1.97 (0.26–14.7) 0.508 7.7 (2.01–29.4) 0.003

World J Surg

123



Funding None.

Declarations

Conflict of interest All authors declare no conflict of interests.

Informed consent Formal ethical approval was not individually

sought as all data were de-identified.

References

1. Kuan JK, Wright JL, Nathens AB et al (2006) American asso-

ciation for the surgery of trauma organ injury scale for kidney

injuries predicts nephrectomy, dialysis, and death in patients with

blunt injury and nephrectomy for penetrating injuries. J Trauma

60:351–356

2. Mingoli A, La Torre M, Migliori E et al (2017) Operative and

nonoperative management for renal trauma: comparison of out-

comes. a systematic review and meta-analysis. Ther Clin Risk

Manag 13:1127–1138

3. Dvorak JE, Lester ELW, Maluso PJ et al (2020) The obesity

paradox in the trauma patient: normal may not be better. World J

Surg 44:1817–1823

4. Brunner AM, Sadrzadeh H, Feng Y et al (2013) Association

between baseline body mass index and overall survival among

patients over age 60 with acute myeloid leukemia. Am J Hematol

88:642–646

5. Schlesinger S, Siegert S, Koch M et al (2014) Postdiagnosis body

mass index and risk of mortality in colorectal cancer survivors: a

prospective study and meta-analysis. Cancer Causes Control

25:1407–1418

6. Li M, Bu R (2020) Biological support to obesity paradox in renal

cell carcinoma: a review. Urol Int 104:837–848

7. Romero-Corral A, Montori VM, Somers VK et al (2006) Asso-

ciation of bodyweight with total mortality and with cardiovas-

cular events in coronary artery disease: a systematic review of

cohort studies. Lancet 368:666–678

8. Khalangot M, Tronko M, Kravchenko V et al (2009) Body mass

index and the risk of total and cardiovascular mortality among

patients with type 2 diabetes: a large prospective study in

Ukraine. Heart 95:454–460

9. Logue J, Walker JJ, Leese G et al (2013) Association between

BMI measured within a year after diagnosis of type 2 diabetes

and mortality. Diabetes Care 36:887–893

10. Bijani A, Cumming RG, Hosseini SR et al (2018) Obesity

paradox on the survival of elderly patients with diabetes: an

AHAP-based study. J Diabetes Metab Disord 17:45–51

11. Farhat A, Grigorian A, Nguyen NT et al (2020) Obese trauma

patients have increased need for dialysis. Eur J Trauma Emerg

Surg 46:1327–1334

12. Moore EE, Shackford SR, Pachter HL et al (1989) Organ injury

scaling: spleen, liver, and kidney. J Trauma 29:1664–1666

13. About NTDB. American college of surgeons: quality programs.

https://www.facs.org/quality-programs/trauma/tqp/center-pro

grams/ntdb/about. Accessed on 4 Feb 2021

14. von Elm E, Altman DG, Egger M et al (2007) The strengthening

the reporting of observational studies in epidemiology (STROBE)

statement: guidelines for reporting observational studies. Lancet

370:1453–1457

15. Moore EE, Cogbill TH, Jurkovich GJ et al (1992) Organ injury

scaling. III: chest wall, abdominal vascular, ureter, bladder, and

urethra. J Trauma 33:337–339

16. Wright JL, Nathens AB, Rivara FP et al (2006) Renal and

extrarenal predictors of nephrectomy from the national trauma

data bank. J Urol 175:970–975 (discussion 975)

17. Cummings P (2009) The relative merits of risk ratios and odds

ratios. Arch Pediatr Adolesc Med 163:438–445

18. Haider AH, Saleem T, Leow JJ et al (2012) Influence of the

national trauma data bank on the study of trauma outcomes: is it

time to set research best practices to further enhance its impact?

J Am Coll Surg 214:756–768

19. Shashaty MG, Meyer NJ, Localio AR et al (2012) African

American race, obesity, and blood product transfusion are risk

factors for acute kidney injury in critically ill trauma patients.

J Crit Care 27:496–504

20. Harrois A, Soyer B, Gauss T et al (2018) Prevalence and risk

factors for acute kidney injury among trauma patients: a multi-

center cohort study. Crit Care 22:344

21. Perkins ZB, Captur G, Bird R et al (2019) Trauma induced acute

kidney injury. PLoS One 14:e0211001

22. Arbabi S, Wahl WL, Hemmila MR et al (2003) The cushion

effect. J Trauma 54:1090–1093

23. Stein DM, O’Connor JV, Kufera JA et al (2006) Risk factors

associated with pelvic fractures sustained in motor vehicle col-

lisions involving newer vehicles. J Trauma 61:21–30 (discussion
30-21)

24. Wang SC, Bednarski B, Patel S et al (2003) Increased depth of

subcutaneous fat is protective against abdominal injuries in motor

vehicle collisions. Annu Proc Assoc Adv Automot Med

47:545–559

25. Schott AM, Cormier C, Hans D et al (1998) How hip and whole-

body bone mineral density predict hip fracture in elderly women:

the EPIDOS prospective study. Osteoporos Int 8:247–254

26. Fu CY, Bajani F, Butler C et al (2019) Morbid obesity’s silver

lining: an armor for hollow viscus in blunt abdominal trauma.

World J Surg 43:1007–1013

27. Keihani S, Xu Y, Presson AP et al (2018) Contemporary man-

agement of high-grade renal trauma: results from the american

association for the surgery of trauma genitourinary trauma study.

J Trauma Acute Care Surg 84:418–425

28. Liu T, Chen JJ, Bai XJ et al (2013) The effect of obesity on

outcomes in trauma patients: a meta-analysis. Injury

44:1145–1152

Table 7 BMI category and clinical outcomes event distribution in sub-population of patients with isolated kidney trauma

BMI category Underweight Normal weight Overweight Class I obesity Class II obesity Class III obesity

N (%) 20 (1.5) 551 (41.6) 417 (31.5) 206 (15.5) 64 (4.8) 65 (4.9)

Mortality 0 6 (1.1) 7 (1.6) 3 (1.4) 3 (4.6) 6 (9.2)

AKI 0 5 (0.9) 8 (1.9) 7 (3.4) 5 (7.8) 2 (3)

Cardiovascular events 0 7 (1.2) 8 (1.9) 9 (4.3) 0 6 (9.2)

World J Surg

123

https://www.facs.org/quality-programs/trauma/tqp/center-programs/ntdb/about
https://www.facs.org/quality-programs/trauma/tqp/center-programs/ntdb/about


29. Corkins MR, Guenter P, DiMaria-Ghalili RA et al (2014) Mal-

nutrition diagnoses in hospitalized patients: United States, 2010.

JPEN J Parenter Enteral Nutr 38:186–195

30. Fantuzzi G (2005) Adipose tissue, adipokines, and inflammation.

J Allergy Clin Immunol 115:911–919 (quiz 920)

31. Khatua B, El-Kurdi B, Patel K et al (2021) Adipose saturation

reduces lipotoxic systemic inflammation and explains the obesity

paradox. Sci Adv 7(5):eabd6449

32. Littnerova S, Parenica J, Spinar J et al (2015) Positive influence

of being overweight/obese on long term survival in patients

hospitalised due to acute heart failure. PLoS One 10:e0117142

33. Tsujimoto T, Kajio H (2017) Abdominal obesity is associated

with an increased risk of all-cause mortality in patients with

HFpEF. J Am Coll Cardiol 70:2739–2749

34. Streng KW, Voors AA, Hillege HL et al (2018) Waist-to-hip ratio

and mortality in heart failure. Eur J Heart Fail 20:1269–1277

35. Bihorac A, Baslanti TO, Cuenca AG et al (2013) Acute kidney

injury is associated with early cytokine changes after trauma.

J Trauma Acute Care Surg 74:1005–1013

36. MacLaughlin HL, Blacklock RM, Wright K et al (2019) Obesity

and recovery from acute kidney injury (Ob AKI): a prospective

cohort feasibility study. BMJ Open 9:e024033

37. Kofler S, Nickel T, Weis M (2005) Role of cytokines in cardio-

vascular diseases: a focus on endothelial responses to inflam-

mation. Clin Sci (Lond) 108:205–213

38. Newell MA, Bard MR, Goettler CE et al (2007) Body mass index

and outcomes in critically injured blunt trauma patients: weighing

the impact. J Am Coll Surg 204:1056–1061 (discussion
1062-1054)

39. Imber DA, Pirrone M, Zhang C et al (2016) Respiratory man-

agement of perioperative obese patients. Respir Care

61:1681–1692

40. Colaco M, Navarrete RA, MacDonald SM et al (2019) Nation-

wide procedural trends for renal trauma management. Ann Surg

269:367–369

41. van der Wilden GM, Velmahos GC, Joseph DK et al (2013)

Successful nonoperative management of the most severe blunt

renal injuries: a multicenter study of the research consortium of

New England centers for trauma. JAMA Surg 148:924–931

42. Serafetinides E, Kitrey ND, Djakovic N et al (2015) Review of

the current management of upper urinary tract injuries by the

EAU trauma guidelines panel. Eur Urol 67:930–936

Publisher’s Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.

World J Surg

123


	The Impact of Obesity on Renal Trauma Outcome: An Analysis of the National Trauma Data Bank from 2013 to 2016
	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Material and methods
	Data source and study design
	Study population and measurements
	Statistical analysis

	Results
	Injury grade
	In-hospital mortality
	Secondary outcomes
	Sensitivity analysis

	Discussion
	Appendix
	Funding
	References




