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The Influence of Age and Gender on Resting Energy
Expenditure in Severely Burned Children

Ronald P. Mlcak, PhD, Marc G. Jeschke, MD, PhD, Robert E. Barrow, PhD,
and David N. Herndon, MD

Introduction: Recent evidence suggests that female severely
burned children have higher endogenous anabolic hormone levels
and a shorter ICU stay compared with males. The purpose of this
study was to analyze the influence of age and gender on resting
energy expenditure (REE) in severely burned children from acute
hospitalization through 12 months postburn.

Methods: A total of 100 pediatric patients with >40% total body
surface area (TBSA) burn were enrolled in a prospective study and
followed by indirect calorimetry measurements. The REE was
expressed as actual REE kcal/d, percent of predicted REE, and REE/
body mass index (BMI). Statistical analysis was performed by
Student ¢ test and one-way ANOVA for repeated measures. Signif-
icance was accepted at P < 0.05.

Results: The measured REE was significantly higher in males
versus females at all time points (P < 0.05). The percent of
predicted REE was significantly higher in males versus females
during the acute hospitalization, at discharge, 6 and 9 months
postburn (P < 0.05). The REE/BMI showed a significant difference
between males and females at the acute and discharge time period
(P < 0.05). In children 3 to 9.9 years of age, the measured REE and
the percent of predicted REE were significantly higher in males
versus females during the acute study, at discharge and 6 months
postburn (P < 0.05). The measured REE at discharge, 9 and 12
months postburn for children >10 years of age was significantly
higher in males compared with females (P < 0.05).

Conclusion: Data show that female children exert a decreased
hypermetabolic response compared with male children, which may
improve burn outcomes in females.
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haracteristic for critically ill patients suffering from sep-
sis, major operations, and severe trauma, including a
burn injury is a debilitating hypermetabolism, which is pro-
portional to the degree of the insult.' > The hypermetabolic
response to a severe burn injury is associated with increased
systemic energy expenditure,*> severe muscle catabolism
and wasting,® ® and linear growth delays.” Primary mediators
of the hypermetabolic response are pro-inflammatory cyto-
kines and endogenous plasma catecholamines levels, %!
which increase as much as 10- to 15-fold after the insult.'*"?
Hypermetabolism after the burn injury was thought to recede
with closure of the burn wound.'*'> However, we have
previously shown that pediatric patients with large burns
(>40% total body surface area [TBSA] burn) exert muscle
protein catabolism for 9 months and growth delays for at least
2 years after injury indicating perseverance of hypermetabo-
lism over the same time period.”* The clinical results of this
persistent pathophysiologic process is a decrease in lean body
mass and severe muscle wasting.
There is evidence that female burned pediatric patients
have higher endogenous anabolic hormone levels and had a
shorter ICU stay compared with males.'® This study analyzes
whether there is an attenuated hypermetabolic response in
female patients compared with males. In nonburn healthy
children, the resting energy expenditure (REE) is greater in
boys when compared with girls,'” 2! consistent with gender
differences found in adults.”***> Goran et al have shown that
prepubertal boys are more hypermetabolic than girls.'® Whether
this age and gender difference is similar in severely burned
children has yet to be determined. The aim of this study was
to analyze the effect of age and gender on REE in a large
group of severely burned children from acute hospitalization
through 12 months postburn.

METHODS

Patients and Clinical Care

One hundred pediatric burn patients who underwent
acute treatment at the Shriners Hospital for Children,
Galveston Burn Hospital from 1998 to 2002 were included
into the present study. Only patients with greater than 40%
TBSA burn were eligible for enrollment in this study. Burn
size was assessed clinically by mapping on Lund and Brow-
der charts** during excisional surgery in the acute phase of
the injury.
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Inclusion criteria were age <18 years, TBSA burn of
over 40%, acute burn treatment at Shriners Burn Hospital,
and consent to return at 6, 9, and 12 months postburn.
Patients were excluded if they had one or more of the
following: anoxic brain injury, severe psychologic disorders,
quadriplegia, or severe behavioral or cognitive disorders.

This study was performed under a University of Texas
Medical Branch Institutional Review Board-approved proto-
col. Informed written consent was obtained from each pa-
tient’s guardian with assent of the patient before enrollment
into the study.

All subjects admitted to the Shriners Burns Hospital for
Children were treated in an identical manner by the same
team of burn surgeons. Standard treatment included early
excision of the burn wound, systemic antibiotic therapy, and
continuous enteral feeding. Within 48 hours of admission,
each patient underwent total burn wound excision and graft-
ing with autograft skin and allograft. Patients returned to the
operating room when autograft donor sites healed and be-
came available for reharvest (usually 6-10 days). Sequential
staged surgical procedures for repeat excision and grafting
were undertaken until the wounds were healed.

Indirect Calorimetry

As part of our routine clinical practice, all patients
underwent REE measurements within 1 week following hos-
pital admission and weekly thereafter during their acute
hospitalization. To adjust for the ebb and flow phase of the
hypermetabolic response, the first and second metabolic
study was averaged and the results were defined as the acute
study. This and subsequent measurements of REE were
performed between midnight and 5 AM while the patients
were asleep and receiving continuous feeding. REE was
measured using a Sensor-Medics Vmax 29 metabolic cart
(Yorba Linda, CA). Subjects were tested in a supine position
while under a large, clear, ventilated hood. The REE was
calculated from the oxygen consumption and carbon dioxide
production by equations described by Weir.>> All REE mea-
surements were made at ambient temperatures of 30°C,
which is the standard environmental setting for all patient
rooms in our acute burn intensive care unit. The REE mea-
surements were used to guide nutritional management and to
assess the level of metabolism. The discharge REE measure-
ment was used to determine the level of hypermetabolism
when the burn wounds were 95% healed and were included as
part oft his study. Measured values were compared with
predicted norms based upon the Harris-Benedict equation?®
and corrected by body mass index (BMI). REE studies were
repeated at 6, 9, and 12 months postburn when the patients
returned for outpatient surgery. Assessments of REE at these
time points were completed utilizing the previously described
methodology and environmental settings as described above.

The REE was expressed in 3 different ways: actual
REE in kcal per day, percent of predicted REE, and actual
REE divided by the BMI.

Outcome Measurements and Group Selection
The main outcome measurement was REE as measured
by indirect calorimetry. Secondary outcome measurements
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were age and gender. Patients were initially evaluated as a
heterogenous group to determine the level of hypermetabo-
lism over time. Patients were then randomized into groups of
females and males to determine if gender had any effect of
the level of hypermetabolism. All patients were then stratified
for age. The first group included children <3 years of age, the
second group included ages 3 to 9.9 years, and the last group
included all children from 10 to 18 years of age. Finally,
patients were stratified by age and gender to determine
differences between males and females at different age
groups.

Statistical analyses was performed using paired Student
t test to determine differences within groups and unpaired
Student ¢ test were done to analyze differences between
groups at similar time points. One-way ANOVA for repeated
measures with post hoc Bonferroni was used to determine
differences over time. Demographic data are expressed as
mean *= SD. Metabolic data are expressed as mean = SEM.
Significance was accepted at P < 0.05.

RESULTS

Demographics

A total of 100 severely burned children that returned for
clinic visits and had indirect calorimetry measurements were
evaluated. Demographics are shown in Table 1. Overall, male
patients were significantly older when compared with female
patients; however, the severity of the burn was similar in both
groups.

Resting Energy Expenditure Over Time

All Patients

The pattern of the REE over time is depicted in Figure
1. Acute REE and REE at discharge were significantly in-
creased. REE decreased throughout the study period, how-
ever, remained elevated 12 months after burn. The percent of
predicted REE also showed a significant decrease from the
acute study to 6, 9, and 12 months postburn. The normaliza-
tion of the REE to BMI showed a significant decrease from
the acute study at 9 and 12 months postburn. All patients
were hypermetabolic at the initial study period relative to the
basal metabolic rate predicted by the Harris-Benedict equa-
tion, then decreased by 15% to 20%, and remained hyper-
metabolic throughout the 12-month time frame.

TABLE 1. Demographics
All Patients Males Females
(n = 100) (n = 60) (n = 40)
Age (yr) 8§*5 9 * 5% 7*4
% TBSA burn 59 =16 57+ 15 62 = 16
% Third degree 46 = 25 46 = 23 47 =27
BMI (kg/m?) 194 19 4 18 x4

Data are mean * SD.
*Significant difference between males versus females (P < 0.05).
BMI indicates body mass index.
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Resting Energy Expenditure and Burns
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FIGURE 1. Pattern of the REE over time. A, Acute REE and REE at discharge were significantly increased compared with 6, 9,
and 12 months. B, Percent of predicted REE showed a significant decrease from the acute study to 6, 9, and 12 months post-
burn. C, The normalization of the REE to body mass index (BMI) showed a significant decrease from the acute study at 9 and
12 months postburn. *Significant difference compared with acute and discharge (P < 0.05).

Resting Energy Expenditure Over Time
Females Versus Males

The patient population was then stratified for gender
(Figure 2). The measured REE was significantly higher in
males versus females at all time points (P < 0.05) (Fig. 2A).
Similarly to the measured REE, the percent predicted REE
showed a significant difference between male and females
during the acute study, at discharge, 6 and 9 months postburn,
with the males being more hypermetabolic than females (P <
0.05) (Fig. 2B). Normalization of the REE to BMI showed
a significant difference between males and females from
acute to 9 months postburn with males having a signifi-
cantly higher REE/BMI index compared with females (P <
0.05) (Fig. 2C).

© 2006 Lippincott Williams & Wilkins

Resting Energy Expenditure
All Patients Stratified for Age

All patients were divided into 3 age groups: 0 to 2.9, 3
t0 9.9, and 10 to 18 years. The measured REE for patients <3
years of age were significantly lower at all time points when
compared with the patients from 10 to 18 years and at acute,
discharge, and at 12 months postburn compared with 3 to 9.9
years (P < 0.05) (Fig. 3A). Additionally, there was a signif-
icant difference between patients in the 3- to 9.9-year age
group compared with the 10- to 18-year age group at all time
points with the 3- to 9.9-year-old being less hypermetabolic
compared with the 10- to 18-year-old patients (P < 0.05)
(Fig. 3A). The percent predicted REE for patients in the
<3-year age group was significant lower when compared
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FIGURE 2. Resting energy expenditure over time: females versus males. A, The measured REE was significantly higher in males ver-
sus females at all time points. B, Percent predicted REE showed a significant difference between males and females during the acute
study, at discharge, 6 and 9 months postburn. C, Normalization of the REE to BMI showed a significant difference between males
and females from acute to 9 months postburn. *Significant difference compared with acute and discharge (P < 0.05).

with the 10- to 18-year group during the acute study and upon
discharge (P < 0.05) (Fig. 3B). Normalization of the REE to
the BMI showed that children <3 years of age had the lowest
REE/BMI index at all time points compared with 10 to 18
years and at acute, discharge, and at 12 months compared
with the 3 to 9.9 years (P < 0.05) (Fig. 3C). Children 3 to 9.9
years of age had lower REE/BMI index acutely, at discharge
and 6 months postburn compared with 10- to 18-years of age
(P < 0.05) (Fig. 30).

Females Stratified by Age

We determined the REE in the female children and
stratified these patients into the 3 different age groups. The
measured REE was significantly lower in the <3-year age
group compared with the to the 10- to 18-year age group at all
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time periods (P < 0.05). There was no difference between
<3 compared with 3- to 9.9-year-old ones. The measured
REE for patients in the 3- to 9.9-year age group versus the 10-
to 18-year-olds showed a significant difference in REE
acutely, at discharge and at 6 months postburn (P < 0.05)
(Fig. 4A). The percent predicted REE for patients in the
<3-year age group compared with the 3- to 9.9-year age
group showed no significant differences. The percent of
predicted REE in the <3-year age group compared with the
10- to 18-year age group showed a significant difference at
acute and at discharge (P < 0.05). For patients in the 3- to
9.9-year age group compared with the 10- to 18-year age
group, the percent of predicted REE was significantly differ-
ent only during the acute study (P < 0.05). Normalization of
the REE to BMI showed no significant difference in the
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FIGURE 3. Resting energy expenditure patients stratified for age. A, The measured REE for patients <3 years of age were sig-
nificantly lower at all time points when compared with the patients from 10 to 18 years and at acute, discharge and at 12
months postburn compared with 3 to 9.9 years. There was a significant difference between patients in the 3- to 9-year age
group compared with the 10- to 18-year age group at all time points. B, Percent predicted REE for patients in the <3-year
age group was significantly lower compared with the 10- to 18-year group during the acute study and upon discharge. C,
Children <3 years of age had the lowest REE/BMI index at all time points compared with 10 to 18 years and at acute, dis-
charge and at 12 months compared with the 3 to 9.9 years. Children 3 to 9.9 years had lower REE/BMI index acutely, at dis-
charge and 6 months postburn compared with 10 to 18 years. *Significant difference between 0 to 2.9 years and 10 to 18
years (P < 0.05). *Significant difference between 3 to 9.9 compared with 10 to 18 years (P < 0.05). *Significant difference
between 0 to 2.9 compared with 3 to 9.9 years (P < 0.05).

<3-year age group compared with the 3- to 9.9-year age (Figure 5). The measured REE for male children <3 years
group (Fig. 4C). When the <3-year age group was compared  of age was significantly lower at all study periods when
with the 10- to 18-year age group, the REE/BMI index was compared with the other 2 age groups (P < 0.05) (Fig.
significantly different during the acute study and at discharge ~ 5A). Additionally, there was a significant difference be-
(P < 0.05). The age group 3 to 9.9 years of age had a  tween the 3- to 9-year age group and the 10- to 18-year age
significantly lower REE/BMI index acutely when compared  group at all time periods (P < 0.05) (Fig. 5A). The percent

with females 10 to 18 years of age (P < 0.05) (Fig. 4C). predicted REE was significantly lower in the <3-year age
group compared with the 10- to 18-year age group at
Males Stratified by Age discharge (P < 0.05) (Fig. 5B). Similar to the measured

We determined the REE in the male children and REE, the REE/BMI index showed that male children <3
stratified these patients into the 3 different age groups years of age had significantly lower REE/BMI at all study
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FIGURE 4. Resting energy expenditure females stratified by age. A, REE was significantly lower in the <3-year age group com-
pared with the 10- to 18-year age group at all time periods. REE for patients in the 3- to 9.9-year age group versus the 10- to
18-year age group showed a significant difference in REE acutely, at discharge and at 6 months postburn. B, Percent pre-
dicted REE in the <3-year age group compared with the 10- to 18-year age group showed a significant difference at acute
and at discharge. In the 3- to 9.9-year age group compared with the 10- to 18-year age group, percent predicted REE was
significantly different only during the acute study. C, In the <3-year age group, REE/BMI was significantly lower during the
acute study and at discharge compared with the 10- to 18-year age group. The age group 3 to 9.9 years had a significantly
lower REE/BMI index acutely when compared with females 10 to 18 years. *Significant difference between 0 to 2.9 years and
10 to 18 years (P < 0.05). 'Significant difference between 3 to 9.9 compared with 10 to 18 years (P < 0.05). *Significant dif-
ference between 0 to 2.9 compared with 3 to 9.9 years (P < 0.05).

periods when compared with the other 2 groups (P < 0.05) postburn (P < 0.05) (Fig. 6B). The REE/BMI index
(Fig. 5C). Additionally, the REE/BMI index was signifi-  showed no significant difference between males and fe-
cantly different between the 3- to 9-year age group and the males in this age group (Fig. 6C).

10- to 18-year age group from the acute study through 9

months postburn (P < 0.05) (Fig. 5C). Females Versus Males 10 to 18 Years of Age
The relationship between REE and gender for children
Females Versus Males 3 to 9 Years of Age in the 10- to 18-year age group are summarized in Figure 7.

The relationship between REE and gender for chil- The measured REE was significantly higher in males at
dren in the 3- to 9-year age group is summarized in Figure = discharge and at 9 and 12 months postburn when compared
6. The measured REE was significantly higher in males  with females (P < 0.05) (Fig. 7A). The percent predicted
during the acute study period, at discharge and 6 months REE showed no significant difference between males and
postburn (P < 0.05) (Fig. 6A). Similar to the measured females at any study period in this age group. The REE/BMI
REE, the percent predicted REE was significantly higherin ~ index showed a significant difference between males and
males during the acute study, at discharge and 6 months  females at the 9- and 12-month time period, with males
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FIGURE 5. Resting energy expenditure males stratified by age. A, REE for male children <3 years of age was significantly
lower at all study periods when compared with the other 2 age groups. In the 3- to 9-year age group, the REEE was signifi-
cantly decreased compared with 10- to 18-year age group at all time periods. B, Percent predicted REE was significantly lower
in the <3-year age group compared with the 10- to 18-year age group at discharge. C, REE/BMI index showed that male
children <3 years of age had significantly lower REE/BMI at all study periods when compared with the other 2 groups. Index
was also lower in the 3- to 9-year age group compared with the 10- to 18-year age group from the acute study through 9
months postburn. *Significant difference between 0 to 2.9 years and 10 to 18 years (P < 0.05). Significant difference
between 3 to 9.9 compared with 10 to 18 years (P < 0.05). *Significant difference between 0 to 2.9 compared with 3 to 9.9

years (P < 0.05).

having a higher index compared with females (P < 0.05)
(Fig. 7C).

DISCUSSION

Hypermetabolism after a major operation or injury
during acute hospitalization leads to protein degradation fol-
lowed by increased incidence of infection or even multiorgan
failure.?” In addition, long-term, hypermetabolism leads to
growth arrest and failure for bone synthesis.?* Hypermetab-
olism was thought to persist only over a short period. In the
present study, we found that hypermetabolism persists at least
over a period of 12 months after burn injury. The increased

© 2006 Lippincott Williams & Wilkins

REE persistence needs to be investigated in a more long-term
study that will address the REE over 24 months.

Clinically, it would be ideal to attenuate hypermetabo-
lism and improve the acute and long-term outcome. One
feasible approach is the application of anabolic agents, such
as recombinant human growth hormone, insulin-like growth
factor-1, or insulin. To avoid unnecessary intervention, one
aim of the present study was to identify pediatric patients, age
and gender related, who are hypermetabolic and hence profit
from drug treatment. First, we divided our patients into male
and females. We found that pediatric males exert a signifi-
cantly higher REE up to 12 months postburn when compared
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FIGURE 6. Resting energy expenditure (females vs. males 3-9 years). A, REE was significantly higher in males during the acute
study period, at discharge and 6 months postburn. B, Percent predicted REE was significantly higher in males during the acute
study, at discharge and 6 months postburn. C, The REE/BMI index showed no significant difference between males and fe-
males in this age group. *Significant difference between females versus males (P < 0.05).

with females. This is in concert with a study by Goran et al
in which the authors found that girls have a lower REE
compared with boys.'® The underlying mechanisms are not
clear, and we asked whether this is an age-dependent or
hormone-dependent phenomenon. By stratifying all patients
into 3 age groups, we found that children >10 years of age
had a significant higher REE compared with younger chil-
dren. Additionally, children <3 years of age demonstrated
only a slight increase in REE. The REE/BMI index stratified
by age demonstrated significant differences between groups.
Children <3 years of age had significantly lower REE/BMI
indexes when compared with older children. Similarly, chil-
dren 3 to 9.9 years of age had significantly lower REE/BMI
indexes when compared with children >10 years of age up to
9 months postburn. Our results indicate the older children
have higher REE/BMI indices than younger children. Strati-
fication by age and gender revealed that males and females
<3 years of age demonstrate no significant differences in
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REE, percent of predicted REE or REE/BMI index. Males 3
t0 9.9 years of age demonstrated significantly higher REE and
percent of predicted REE up to 6 months postburn compared
with females. In children >10 years of age, males demon-
strated significantly higher REEs at discharge, 9 and 12
months postburn. Additionally, males demonstrated higher
REE/BMI indexes at 9 and 12 months postburn when com-
pared with females.

One major finding of the present study is that infants
and toddlers do not undergo hypermetabolism and that there
is no difference between males and females. In the age group
10 to 18 years, both sexes are hypermetabolic but males
demonstrated a significant increased REE at discharge, 9 and
12 month. These data indicate that estrogens do not play a
crucial role in attenuating hypermetabolism. However, there
are several studies showing gender differences in the REE. In
nonburn healthy children the REE is greater in boys when
compared with girls,'” 2! consistent with gender differences

© 2006 Lippincott Williams & Wilkins
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ference between males and females at any study period in this age group. C, The REE/BMI index showed a significant differ-
ence between males and females at the 9- and 12-month time period. *Significant difference between females versus males

(P < 0.05).

found in adults.**** Goran et al have shown that prepubertal
boys are more hypermetabolic than girls.'®

One criticism of the present study could be the hetero-
genicity of our patient population. We did not differentiate
between American, white, Hispanic, or black patients. In prepu-
bertal and pubertal age children, ethnic differences of the com-
ponents of energy expenditure have been identified.** 2 How-
ever, several investigators have not found an ethnic difference in
REE.'33-3% The previous studies focused on black and white
children. Since most of our patients are of Hispanic origin, it
was not the intent to stratify patients into ethnic categories.
Therefore, the initial design of our study was to stratify for
gender and age and not ethnicity.

Another criticism could be the way we determined the
predicted REE. The Harris Benedict Formula predicts the
REE and is a well-established method in critically ill patients,

© 2006 Lippincott Williams & Wilkins

however, whether this formula is accurate in children in not
clear. Therefore, we attempted to normalize the actual REE to
the BMI, which is also not established, and it is also not
evident whether the normalization of the REE to BMI is
appropriate. However, as we observed the same pattern in the
3 methods used, we think that the data demonstrate differ-
ences between different ages and gender independent from
the method used. Based on our results, we would recommend
to present metabolic data using these 3 different methods
because the validity is much stronger.

In the present study, our data show that female children
exert a decreased hypermetabolic response compared with
male children, which could explain the improved outcome
and higher endogenous hormone levels observed in female
children. The mechanisms by which females have a lower
REE are not defined and cannot be extrapolated from the
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present study. However, our data identify male children as an
important patient population for drug intervention to attenu-
ate hypermetabolism. As female and male teenagers have a
high REE these patients are also identified to possibly benefit
from anti-inflammatory and anabolic treatment to improve
their outcome.
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