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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

usS 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
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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;
S$37.02-S37.029; S$37.03-S37.039; S$37.04-S37.049;
S$37.05-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 > 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; 0TQO03ZZ; 0TQ04ZZ,
0TQ07ZZ; 0TQO08ZZ, 0TQ10ZZ; 0TQ13ZZ; 0TQ14ZZ,
0TQ17ZZ; 0TQI18ZZ; 0TQ30ZZ; 0TQ33ZZ; 0TQ347ZZ,
0TQ37ZZ; 0TQ38ZZ; 0TQ40ZZ; 0TQ43ZZ; 0TQ4477Z,
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 57).

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

@ Springer



World J Surg

9Y0I1S/JUIPIOOE IB[NOSBAOIQRIdD ‘UONIIRIUI [RIpIRd0AW snotadld Surpnjouy

(%) Kouonbaiy se passardxa are so[qeLIeA [BOLI0S3IRD [[V

(uoneraap prepuejs) ueowr se djel osind 10y 1dooxa (YQOI) ULIPSW St passaIdxad oIe So[qeLieA SNONUNUOD [V

sonfeA d [[e 10J 1039180 Q0UdIRJOY

<000 L 09 €000 (L9 oL (434 (19 g1 €000 (8°9) 68¢ (Sv) 112 180°0 (§'9) v Kesroy
900 (CYORS 686°0 (€D v1 £00°0 (90) 91 2990 DL WD zL ¥81°0 (X4 UONEZI[OqUIdOISUY
€ev’o (CRIR2 S¥9°0 (8D 61 1700 (€1 9¢ 901°0 (D sel (2) 601 809°0 o6 AydeyuorgdoN
cloo O oy L00°0 L) 6v 1ce0 (€9) 991 S¥S0 (99) zeg (69 €LE 8¥1°0 (69 e AwoyoarydoN
€000 (6'9) 65 ¥10°0 (L) 08 €000 (1'8) 01C €6L°0 (ToD 11§ (Tron 1vs 3940 (6'8) €€ uonuaAIdUL
800°0 (S'6v) €T 89¢°0 (S°SP) SLy 991°0 (T9v) ToTl  12S0 (Tsy) Lyee (9vy) T8€C  T8F0 (Ltv) 8S1 I9URd wnel) T [9A]
oAl aTnDe SIco an i Ly1'o (1 9t 100°0 (€1 99 Lo Le VL0 (8°0) € 1USAD IR[NOSBAOIPIED SNOIADI]
900°0 aDe 000 (6°0) 01 100°0> oD LT 000 (8'0) 6€ (€0) L1 66°0 €01 aIn[rey Heay SANSIZUOD)
9LY'0 ((AUNY £€€0'0 Lo L ILT°0 o) 11 S0T0 (r'0) 61 (To €1 80°0 (80 ¢ aseasIp Koupry druoxy)
961°0 (€To ¢ 160°0 (€0 ¢ 690 1o ¢ 9¢S°0 (109 Loo) v 66°0 0 IoJued pajeuntuassIq
L¥0'0 L0 9 lo (909 €150 o6 SL90 (To) 11 (€0) ¥1 66°0 0 SISOULITY)
100°0> (D ozl 100°0> 81 ¥S1 100°0> (L8) 9te 100°0> (€°9) €92 o 1€l €1e’0 919 SIS s91eqeld
9200 (Lo €t 100°0 (To €€ 100°0> (€€ 06 100°0> (90 o€l (o1 98 €00 (80 € IopIostp Surpaa|g
900 (SS¥) 68¢ el’0 91¥) S9F €200 8¥¥) ¥9IT 000 (1°S¥) tvee (I¢y) svze 990 (Ter) 091 uorsnjsuer],
8L00 (9°6) ¢8 00 (t'8) 88 8v1°0 (8'8) 8zC <000 (9°6) 9LV (8L 81v 8S¥°0 (L9) st uorsudjod{H
1000°0> (L'€2) 6001 1000°0> (I'v2) ¥'001  1000°0> (L€ ¥'L6  10000>  (TEY) 8'S6 (€2) L'€6 €000 (T'€0) ¥'L6 a1 os[ng
60 (T€D) 861 110 (8'00) LIT 8SL°0 (L'T2) 068 600°0 (T50) €stl (€0) 62C1  SYO0 (9°L2) T01 Amfur ureiq onewnery,
806°0 (S1=¥1) S1 881°0 (S1-¥1) S1 ¥€6°0 (S1=¥1) S1 S1000  (SI-¥1) ST (S1=¥1D) S1 810°0 (S1-¥1) S1 SOH
€09°0 (6T—€1) 1T 6€L°0 (6T—€1) 0T €eL’o (6T—€1) 1T ¥200  (6T—¥1) 1T (6T-€1) 0T LST'0 (€e—¥1) T SSI
100°0> (S0p) Lve 100°0> (L'9v) 88% 100°0> (I'9%) 00C1  10000> (€S €09 (6'99) €v0€  9¥€0 (¥'65) 0TT LIDH

(8¢'9) 9v (€9 8¢ (1) €¢1 (9) 00¢ (99) 9¢¢ (L9) st A

(L 1D 001 (6€D) sv1 (Lsp o1y (€81) T16 (T10 sert (Too sL Al

(S€2) 10T (€°L27) 8¢ (TS0 LS9 (6°'L0) 16€1 (1°62) TSS1 (r'ze) ozl 111

(S'80) v¥T ¥o) 15C (1°$2) €59 (T60) ssti (T60) 18€1 (T€D) 98 I

(8°0€) ¥9¢T (1'60) v0€ (L'80) LyL (€0 Tl (L) 6v6 (€LD v9 I
1000 > 100°0> 100°0> 100°0> CILo opeIs [SVV
9%0°0 (L) v¥L [44%0 (198) L68 1700 (1'98) ¥€TT  €19°0 (L'v8) 0Ty (€v8) 86t L80 (r8) 11€ junig
100°0> (€°69) 8S¢ 98L°0 (OvL) 8LL yel’0 (8°6L) 8961  1000>  (8'6L) ¥96€ (TvL v96€  100°0> (6'89) 81¢ [CEREN
1000°0> (Ts-L2) 8¢ 10000>  (LS=80) T 100000>  (LS—LD) I¥  10000> (£6-ST) S¢ (€v—C2) 8T ¥000°0 (6€-12) ST By
(9°9) s¢8 (89) €v01 (I°L1) 0092 (LTe) oL6Y (o) eves o oL (%) N

d  Ky1seqo 1T sse[D d  Ky1seqo T sse[D d  Ky1s9qo T sse[D d  JYSTOMIOAQ  JYSIOA\ [BULION d jy3romiopun

sonsudjoereyd Amfur pue juened ewnesy [eusy | d[qeL

pringer

A's



World J Surg

Fig. 1 Poisson regression 12
analysis of high-grade renal

trauma (HGRT) risk stratified

by BMI category
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BMI Category

Class Il

Class Il

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) 4 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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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)

4

Nephrectomy
OR (95% CI)

p
Nephrorrhaphy
OR (95% CI)

4
Angioembolization
OR (95% CI)

4

AKI

OR (95% CI)

P
Cardiovascular events

Reference

Reference

Reference

Reference

Reference

0.86 (0.54-1.36)
0.528

0.88 (0.51-1.50)
0.645

1.39 (0.69-2.79)
0.353

0.41 (0.09-1.71)
0.223

1.17 (0.56-2.43)
0.661

1.07 (0.91-1.26)
0.367

1.05 (0.87-1.26)
0.603

1.43 (1.09-1.87)
0.008

0.97 (0.69-1.37)
0.88

1.64 (1.26-2.13)
<0.001

0.86 (0.69-1.06)
0.174

1.20 (0.95-1.52)
0.119

0.88 (0.59-1.30)
0.526

0.39 (0.22-0.70)
0.002

1.94 (1.44-2.60)
<0.001

2.01 (1.58-2.55)
<0.001

0.84 (0.62-1.14)
0.287

0.87 (0.60-1.25)
0.465

1.20 (0.72-1.99)
0.463

0.99 (0.54-1.80)
0.975

2.14 (1.47-3.13)
< 0.001

1.64 (1.18-2.28)
0.003

0.77 (0.54-1.10)
0.165

0.94 (0.62-1.41)
0.769

1.04 (0.58-1.88)
0.878

0.46 (0.18-1.16)
0.104

3.10 (2.13-4.51)
<0.001

2.26 (1.62-3.15)
<0.001

OR (95% CI) Reference 1.07 (0.57-1.98) 1.14 (0.91-1.44)
P 0.827 0.227
Underweight - N I
. [ ]
Normal Weight ®
¢
= e
> Overweight - ——
Q —t—
S S
= Class | - ——
= ———
M e
Class Il 4 ——
e
e
Class Ill 4 e
A
2 0 2 4 6
Coefficient
® Hospital LOS @ ICULOS e Ventilator Days
Fig. 2 Regression analysis comparing total hospital LOS, ICU
LOS, and ventilator days across BMI categories

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

@ Springer

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), 116 (CI 042-1.89, p=0.002), 2.06
(1.06-3.05, p < 0.001), and 3.35 (C12.29-4.40, 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
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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) )4 RR (95% CI) )4
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) 0411 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) )4

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
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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(34) 5(7.8) 2(3)
Cardiovascular events 0 7(1.2) 8 (1.9) 9 (4.3) 0 6 (9.2)
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