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Abstract

Background/Purpose—The implications of childhood obesity on pediatric trauma outcomes
are not clearly established. Anthropomorphic data were recently added to the National Trauma
Data Bank (NTDB) Research Datasets, enabling a large, multicenter evaluation of the effect of
obesity on pediatric trauma patients.

Methods—cChildren ages 2 to 19 years who required hospitalization for traumatic injury were
identified in the 2013-2014 NTDB Research Datasets. Age and gender-specific body mass indices
(BMI) were calculated. Outcomes included injury patterns, operative procedures, complications,
and hospital utilization parameters.

Results—Data from 149,817 pediatric patients were analyzed; higher BMI percentiles were
associated with significantly more extremity injuries, and fewer injuries to the head, abdomen,
thorax and spine (p values <0.001). On multivariable analysis, higher BMI percentiles were
associated with significantly increased likelihood of death, deep venous thrombosis, pulmonary
embolus and pneumonia; although there was no difference in risk of overall complications.

Obese children also had significantly longer lengths of stay and more frequent ventilator
requirement.

Conclusions—Among children admitted after trauma, increased BMI percentile is associated
with increased risk of death and potentially preventable complications. These findings suggest that
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obese children may require different management than non-obese counterparts to prevent
complications.
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trauma; pediatric; obesity; body mass index; outcomes; complications

1. BACKGROUND

In children, unintentional injury and obesity are leading causes of morbidity. Multiple
studies show that obese children have similar injury severity and mortality to non-
overweight children(1-4), but they sustain distinct anatomic patterns of injury. Obese
children had a greater frequency of extremity injuries than normal-weight children among
Level | trauma admissions(1), Emergency Department (ED) evaluations(5), and after motor
vehicle crashes(2, 4, 6); some studies show that obese children presenting to an ED or level |
trauma center were less likely to have head injuries(1, 3, 5). Still, literature regarding
complications following trauma in obese children consists primarily of single-institution
studies, limiting generalizability of findings. Prior studies have demonstrated conflicting
results regarding effect of obesity on complications and hospital resource utilization such as
ICU needs(1, 7)

Given that complications are uncommon in children, larger sample sizes are needed to
adequately evaluate the association of BMI with trauma outcomes. Furthermore, single-
center studies may not be representative of trauma patients nationwide. Finally, existing
studies largely dichotomize obesity, which may not adequately capture the risk of patients
with the highest body mass indices (BMIs). Beginning in 2013, the National Trauma Data
Bank (NTDB) added height and weight parameters to the research datasets, enabling a
nationwide assessment of the impact of pediatric obesity on pediatric trauma. Specific aims
of this study were to evaluate injury patterns and outcomes across a broader spectrum of
BMIs, determine if injury patterns seen in previous studies are also observed in this
nationwide dataset, characterize the impact of obesity on healthcare utilization such as LOS
and procedures, and assess the impact of obesity on complications. We hypothesized that
obese children would have different injury patterns, greater morbidity and greater hospital
resource utilization, compared to normal-weight children.

2. METHODS

This was a retrospective study of pediatric trauma patients, and met the University of
Washington Institutional Review Board’s criteria to be exempt from review.

The NTDB, maintained by the American College of Surgeons Committee on Trauma(8) is
the largest compilation of trauma registry data in the world and contains data on more than
6,000,000 cases from over 900 registered trauma centers. Data are collected by trained
registrars with common inclusion criteria and field definitions across centers. We queried the
2013-2014 Research Datasets for all patients ages 2 to 19 who sustained traumatic injuries.
We excluded patients who had isolated burns, died prior to arrival, or were discharged home
from the ED.
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The CDC'’s gender-specific growth tables and their associated SAS program(9) were used to
determine BMI percentile for age. For categorical analysis, the CDC’s established pediatric
BMI categories were used: obese (=95 percentile), overweight (85t to <95t percentile),
and normal-weight (5th to <85™ percentile). Patients >99t percentile for BMI were
categorized as morbidly obese. Given our intent to evaluate obesity, we excluded patients
<5t percentile.

The initial pediatric cohort included 211,604 patients. Gender was missing for 103 patients;
these were excluded given that gender is needed for selection of growth table parameters.
Eighteen percent of patients in the initial cohort were missing weight values; since most
patients missing weight values were also missing height values, these 37,157 patients were
excluded from the analysis.

Multiple imputation using multivariate normal regression with 20 iterations was performed
for remaining patients. Imputed parameters included height, LOS, ICU LOS, ventilator days,
and ISS (missing <5% for variables other than height, which was missing in 30% of the
included patients). The mean BMI percentile in the imputed and complete case analysis
(non-imputed) datasets was similar (non-imputed mean 63.4, SD 31.5; imputed mean 63.6,
SD 32.9); however, multivariable analyses were conducted using both versions of the
dataset. The CDC algorithm flags biologically implausible BMI percentiles; these patients
(7%) were also excluded. The final study population included 149, 817 patients after
applying the above exclusion criteria.

For analysis of Injury Severity Scores, hospital-submitted values were used when available
(96%), and otherwise substituted with AIS or ICD9-derived codes. Frequency of operative
procedures was assessed among patients with AIS =3 injury to the associated body region in
each BMI category. Given that older adolescents may be at greater risk for certain in-
hospital complications, a subanalysis was performed to assess adjusted risk of complications
among children under 13 years of age.

Univariate analyses assessed differences in outcomes across BMI strata using Chi Square
and ANOVA tests. Poisson and linear regression with robust variance were used for
multivariable analyses. The category of any complication included death as well as non-fatal
complications. Potential confounding variables were included if they resulted in a 210%
change in the coefficient for BMI or were clinically important. Multivariable regression
models for operative procedures also included presence of severe injuries (AIS=3) in the
associated anatomic region. Analysis was performed using Stata version 14.1 (StataCorp LP,
College Station, TX). The CDC algorithm was applied using SAS (SAS Institute, Cary, NC).

3. RESULTS

3.1 Descriptive and univariate analyses

Data from 149, 817 pediatric patients were analyzed (Table 1). Mean age was 12.1 years
(SD5.2) and 66% of included patients were male. Overall mortality was 1.9%, and 86.0% of
patients were discharged home after hospitalization. Relevant patient comorbidities were
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tabulated across BMI categories (Table 2). Documented obesity was underreported: only
11.2% of the morbidly obese patients had a diagnosis of obesity recorded.

The frequencies of any injuries and severe (AlS=3) injuries by body region were assessed, as
shown in Figure 1 (quantitative results available in Supplementary Table 1). Increased BMI
category was associated with significantly greater frequency of upper and lower extremity
injuries, and lower frequency of head, thorax, abdomen, spine and external injuries. Among
severe regional injuries, these trends in head, thorax and lower extremity injuries were
particularly pronounced.

Univariate analyses of hospital utilization and complications across BMI categories are
presented in Table 3. Mean hospital LOS was significantly higher among overweight and
obese patients; however, patients in higher BMI categories were also more frequently
admitted for only one day.

Higher BMI categories were associated with lower frequency of ICU admission, but among
patients requiring intensive care, ICU LOS was longer in patients in higher BMI strata.
Increased BMI category was associated with lower frequency of ventilator requirement. The
overall frequency of complications (including death) was 17.2%; univariate analysis showed
a slightly, but significantly, lower rate of complications in higher BMI strata.

The unadjusted frequencies of operative procedures among patients with severe injury to the
associated body region is shown in Table 4; statistically significant differences were noted
only for tube thoracostomy and fixation of femur fractures.

3.2 Multivariable analyses

Multivariable analysis was performed, as shown in Table 5. The final model included BMI
percentile as a continuous variable, maximum AIS in any body region, presence of ED
hypotension (<70+2*age), ED Glasgow Coma Score motor response, age, Hispanic
ethnicity, presence of any comorbidity, and insurance type. Patients in the 99t percentile for
BMI had a 50% increase in acute kidney injury (AKI), 89% increase in deep venous
thrombosis (DVT), and 2.66 times the risk of pulmonary embolism (PE), compared to
patients in the 50t percentile for BMI. The association between BMI and both DVT and PE
persisted when the presence of any or severe lower extremity injury was added to the model.
The same multivariable analyses were also conducted using the complete case analysis (non-
imputed) dataset. The estimates were similar overall; however confidence intervals for
superficial surgical site infection, organ space surgical site infection and acute respiratory
distress syndrome became statistically significant. A table analogous to Table 5, but with
estimates from the complete case analysis dataset, is available as Supplementary Table 2.

Subanalysis was performed to assess risks of complications in children younger than 13
years. Overall results were similar to those presented in Table 5; however, the association
between BMI percentile and acute kidney injury and ventilator need were not statistically
significant. Notably, the association between DVT risk and BMI percentile remained
positive; wherein children <13 years in the 99t percentile for BMI had an adjusted relative
risk of DVT of 2.77 (95% Cl 1.33, 5.75), relative to children <13 years in the 50" percentile.
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Pulmonary embolism was rare so the confidence interval was wide, however, the estimated
risk for children <13 years in the 99t percentile for BMI was 9.8 (95% CI 0.5, 187.7),
compared to children <13 years in the 50t percentile.

On adjusted analyses of hospital utilization parameters, there was a small positive
association between BMI percentile and hospital LOS (0.04 days longer per 10-point
increase in BMI percentile; 95% C1=0.03-0.05 days). There were minor differences across
BMI categories regarding need for ICU admission; however, among patients who did require
intensive care, patients with higher BMIs had longer ICU LOS (0.1 day per 10 point
increase in BMI percentile; 95% CI 0.06-0.11 days). Higher BMI percentile was associated
with a slightly greater likelihood of ventilator requirement as shown in Table 6, and there
was a positive association between BMI percentile and ventilator days among patients
requiring ventilator support (0.1 day longer per 10-point increase in BMI percentile; 95%
Cl1=0.06-0.15). These estimates were similar in the complete case analysis dataset.

Frequency of operative intervention was also assessed using multivariable analysis. In
addition to the variables described above, these models also included presence of severe
injury in the body region associated with the operation. The only operations for which a
statistically significant difference in adjusted relative risk was observed was for tibia/fibula/
patella fixation and femur fixation. For tibia/fibula/patella fixation, a 10-point increase in
BMI percentile was associated with an 8% increase in risk of operation (adjusted relative
risk 1.08, 95% C1=1.07-1.09); results from complete case analysis dataset were similar. For
femur fixation, a 10-point increase in BMI percentile was associated with a 1% increase in
risk of operation (adjusted relative risk 1.01, 95% CI1=1.00-1.01); results from complete case
analysis dataset were not statistically significant.

4. DISCUSSION

This study demonstrated that among pediatric patients admitted to US trauma centers,
anatomic distribution of injuries varies with BMI. Additionally, the overall risk of
complications was similar across BMI categories; however, obese children had higher
adjusted risks of certain complications, including thromboembolic complications and death.

While both DVT and PE are rare in children, obese children in our cohort were at
significantly elevated risk compared to normal-weight children. These findings persisted
upon subanalysis of children younger than 13 years, although the finding for PE in this
population was not statistically significant given a wide confidence interval. Although
extremity injuries and need for orthopedic operations are known risk factors for pediatric
venous thromboembolism(10-12), the association we observed persisted after controlling for
presence of any and severe lower extremity injuries. This finding may relate to insulin
resistance(13), greater difficulty detecting early signs of infection, or from decreased
mobility in obese children. Our result suggests that providers should have high clinical
suspicion and be vigilant in caring for these patients. Thrombotic complications may be
reduced by greater focus on mobilization, early engagement of physical therapy,
consideration of chemical venous thromboembolic prophylaxis in some patients, and more
frequent use of lower extremity duplex ultrasound in the setting of potential DVT symptoms.
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Obese patients in our cohort had a small but significant increase in risk of in-hospital
mortality after adjustment for injury severity and sociodemographic factors. Since this trend
was not present in univariate analysis, we hypothesize that it may relate differences in injury
severity across exposure groups, and to observed complication risks. Despite this increase in
in-hospital mortality, the adjusted risk of complications overall was not significantly
increased in patients with higher BMI percentiles. Children in higher BMI categories had
lower frequencies of complications on univariate analysis but no difference after adjustment
for injury severity and sociodemographics.

Our results also show that higher BMI percentile is associated with higher adjusted risk of
pneumonia. The complete case analysis dataset, but not the imputed dataset, also showed
increased risk of infectious complications such as superficial surgical site infection, organ
space surgical site infection and acute respiratory distress syndrome; these differences may
relate to differences in sample sizes and confidence intervals, or to selection bias in these
methods. While our study is not conclusive regarding the risk of infectious complications,
existing literature has also been conflicting(1, 7). Thus, we encourage providers to continue
to ensure adequate dosing of prophylactic antibiotics for body weight, and appropriate
glycemic control when indicated.

Relating to hospital resource utilization, our study demonstrated that obese children were
more likely than normal-weight children to require operative repair of lower extremity
injuries after controlling for regional injury severity. Additionally, higher BMI percentile
was associated with greater likelihood of ventilator requirement and slightly longer hospital
and ICU lengths of stay.

There were some limitations to our study. Anthropomorphic values were missing in a sizable
proportion; we addressed this problem by excluding patients with missing weight, and
imputing heights only in patients with weight data available. We recognize that this process
may introduce some selection bias; however, using a combination of exclusion and
imputation provides the most robust analysis, instead of either excluding all cases with
missing data or imputing a large portion of key exposure variables. We also presented
multivariable estimates based on both imputed and complete case analysis datasets. Further,
we recognize that the centers participating in NTDB might underreport complications(14),
which could affect our results if there was differential reporting across BMI percentiles.
Additionally, we lack anesthesia and clinical data to comment on how care of the obese child
may differ, such as in affecting admission, thromboprophylaxis or other clinical decisions.

In conclusion, this large, nationwide study of pediatric trauma patients demonstrated that
obesity is associated with mortality and increased risk of certain potentially-preventable
complications. While it is encouraging that the overall risk of complications is similar across
BMI categories, these results identify specific areas, such as thromboembolic disease, that
may be useful in quality assurance and benchmarking. Ultimately, our results support the
need for thoughtful management of obese children, with attention to appropriate
prophylactic measures.
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Figure 1.

Associations between body mass index category and Abbreviated Injury Scale by major
body region. Panel A shows the trends for injury of any severity to each body region; Panel
B shows the trends for severe injury to each body region (Abbreviated Injury Scale of 3 or
greater).

J Pedjatr Surg. Author manuscript; available in PMC 2018 April 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Witt et al.

Table 1

Characteristics of the population by body mass index category

Page 9

Normal weight (n=87,780)

Overweight (n=27,119)

Obese (n=23,784)

Morbidly obese (n=11,134)

Mean age, years (SD)
Mean BMI percentile (SD)
Female gender
Race

White

Black

Asian

Other/unknown
Hispanic ethnicity
Mechanism

MVC or other transport

Fall

Firearm, suicide or assault

Struck by or against object
ISS; median (IQR)
Maximum AIS; median (IQR)
Hospital disposition

Home

Intermediate care facility

Inpatient rehabilitation

Deceased or hospice

Medicaid or other
government insurance

12.2 (5.4)
51.3(23.7)
33.2%

64.2%
16.6%
1.9%

17.4%
14.8%

37.8%
32.3%
10.0%
11.0%
5 (4-10)
2 (2-3)

86.8%
0.8%
3.0%
1.2%
33.5%

12.4 (4.9)
90.6 (2.9)
34.2%

62.0%
17.2%
1.6%

19.1%
16.5%

38.8%
30.8%
9.6%
11.6%

5 (4-10)
2(2-3)

85.4%
0.8%
3.5%
1.3%
35.4%

11.9 (4.7)
97.3(1.2)
34.8%

61.6%
17.4%
1.3%

19.8%
17.5%

39.5%
31.6%
8.3%

10.9%
5 (4-9)
2(2-3)

84.8%
0.9%
3.3%
1.2%
37.0%

10.3 (5.2)
99.5 (0.3)
33.1%

58.1%
18.6%
1.4%

21.9%
18.8%

37.0%
36.1%
6.8%
9.6%
5 (4-9)
2(2-3)

84.6%
0.8%
2.9%
1.1%
42.0%

Abbreviations: SD = standard deviation, BMI = body mass index, MVC = motor vehicle collision, IQR = interquartile range, ISS = Injury Severity
Score, AlS = Abbreviated Injury Score
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Adjusted relative risks: 851
percentile for BMI relative

to 50t percentile

Adjusted relative risks: 95t
percentile for BMI relative

to 50t percentile

Adjusted relative risks: 99t
percentile for BMI relative

to 50t percentile

Any in-hospital complication

Death

Any specified complication

Acute kidney injury

Superficial surgical site infection
Organ space surgical site infection
Sepsis

Deep venous thrombosis, thrombophlebitis
Pulmonary embolus

Pneumonia

Acute respiratory distress syndrome
Any ICU admission

Ventilator requirement

0.99 (0.97-1.00)
1.09 (1.03-1.14)
1.10 (1.07-1.14)
1.34 (1.00-1.79)
1.23 (0.95-1.58)
1.27 (0.96-1.69)
1.31 (0.97-1.76)
1.57 (1.31-1.88)
2.01 (1.30-3.10)
111 (1.01-1.21)
1.12 (0.97-1.29)
0.98 (0.97-0.99)
1.05 (1.02-1.07)

0.98 (0.96-1.00)
1.11 (1.05-1.18)
1.13 (1.08-1.18)
1.45 (1.00-2.11)
1.30 (0.94-1.80)
1.36 (0.94-1.96)
1.42 (0.97-2.09)
1.79 (1.42-2.26)
2.45 (1.40-4.29)
1.14 (1.02-1.28)
1.15 (0.96-1.39)
0.97 (0.96-0.99)
1.06 (1.03-1.09)

0.98 (0.96-1.00)
1.12 (1.05-1.20)
1.14 (1.09-1.20)
1.50 (1.00-2.25)
1.33 (0.94-1.90)
1.40 (0.94-2.08)
1.46 (0.96-2.23)
1.89 (1.46-2.43)
2.66 (1.45-4.88)
1.15 (1.02-1.30)
1.17 (0.95-1.44)
0.97 (0.95-0.99)
1.07 (1.03-1.10)

Abbreviations: BMI = body mass index, OR = operating room, ICU = intensive care unit. Adjusted relative risks are shown for outcomes based on

the multivariable model, for patients in the 85th, 95th ang goth percentile for BMI, with the reference category being patients in the 5oth percentile
for BMI. Variables for any in-hospital complication and any specified complication included death. Estimates are based on imputed dataset as

described in the methods.
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