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Background & aims: Burns remain the fifth cause of non-fatal pediatric injuries globally, with muscle
cachexia being a hallmark of the stress response to burns. Burn-induced muscle wasting is associated
with morbidity, yet the determinants of muscle protein catabolism in response to burn trauma remains
unclear. Our objective was to determine the effect of patient and injury characteristics on muscle protein
kinetics in burn patients.
Methods: This retrospective, observational study was performed using protein kinetic data from pedi-
atric patients who had severe burns (>30% of the total body surface area burned) and underwent cross-
limb stable isotope infusions between 1999 and 2008 as part of prospective clinical trials. Mixed multiple
regression models were used to assess associations between patient/injury characteristics and muscle
protein fractional synthesis rate (FSR), net balance (NB), and rates of phenylalanine appearance (Ra;
index of protein breakdown) and disappearance (Rd; index of protein synthesis) across the leg.
Results: A total of 268 patients who underwent 499 studies were analyzed. Increasing time post injury
was associated with greater FSR (p < 0.001) and NB (p ¼ 0.01). Males were more catabolic than females
(as indicated by lower NB, p ¼ 0.04 and greater Ra, p ¼ 0.008), a consequence of higher protein
breakdown rather than lower synthesis. Increasing burn size was associated with higher protein syn-
thesis rate (as indicated by higher FSR, p ¼ 0.019) and higher protein breakdown rates (as indicated by
greater Ra, p ¼ 0.001). FSR was negatively associated with age (p < 0.001).
Conclusions: Data from this large patient cohort show that injury severity, sex, and time post injury
influence skeletal muscle wasting in burned children. These findings suggest that individual patient
characteristics should be considered when devising therapies to improve the acute care and rehabili-
tation of burn survivors.

© 2018 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
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1. Introduction

Burns are the fourth leading cause of severe injury, prompting
an estimated 11 million people around the world to seek burn care
annually [1]. Improved understanding of the pathophysiological
stress response to massive burns has resulted in a number of sig-
nificant advances in patient care, which have considerably reduced
morbidity and mortality [2]. Yet, burns remain the fifth cause of
non-fatal pediatric injuries globally [1], and in the U.S. alone, hos-
pitalization costs for pediatric burn care were estimated at more
than $211 million [3]. While almost all patients now survive the
ism. All rights reserved.
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Table 1
Patient characteristics.

Characteristica Patients (N ¼ 268)

Total metabolic studies (obs) 499
Age at burn (years) 8 (5)
Male (%) 71
TBSA burned (%) 59 (17)
3rd degree TBSA burned (%) 46 (24)
Admission weight (kg) 32 (21)
Study weight (kg) 27 (17)
Admission height (cm) 121 (31)
Admission z-scores
Weight �0.41 (1.3)
Height �0.47 (1.4)
B.M.I. �0.22 (1.5)

B2A (days) 5 (16)
B2S (days) 20 (11)
Length of stay (days) 33 (22)
Type of burn (n)
Chemical 1
Electrical/Flame 18
Electrical 4
Explosion/Flame 1
Flame 200
Scald 44

Treatment (n)
SOC 51
b-blockers þ SOC 112
Anabolic Agents þ SOC 37
Antidiabetic þ SOC 37
Other þ SOC 31

a Reported as mean (SD) unless otherwise noted. B2A, time from burn to
admission; B2S, time from burn to study; SOC, standard of care; TBSA, total body
surface area.

Fig. 1. Metabolic study design.
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initial burn trauma, they go on to develop several metabolic ab-
normalities [4] that may last more than 2 years after injury [5,6].
Arguably the most detrimental metabolic derangement in response
to severe burn trauma is excessive muscle wasting, given its
involvement in growth retardation and long-term musculoskeletal
disorders [7e9]. Both minor and severe burn injuries are associated
with long-term musculoskeletal morbidity [10].

Restriction of physical activity during acute burn treatment may
partly mediate muscle loss [11], but it cannot fully explain the
extent of muscle wasting. After severe burn injury, there is
increased amino acid (AA) demand for wound healing and pro-
duction of acute phase proteins [5,12]. Muscle tissue, the main AA
depot in the body, is thought to be catabolized to provide pre-
cursors for these functions [12e14]. However, even with increased
external provision of AA, skeletal muscle wasting cannot be readily
reversed in burn survivors [15,16]. An incomplete understanding of
the physiologic mechanisms underlying muscle loss may account
for current therapeutic strategies failing to halt and reverse this
persistent catabolic response.

The mediators of burn-related muscle wasting remain largely
unknown. The present study was conducted to investigate the ef-
fect of patient and injury characteristics on muscle protein kinetics
in severely burned children during acute hospitalization. To this
end, we analyzed data obtained from cross-limb stable isotope
infusion studies conducted at Shriners Hospitals for Children -
Galveston (SHC-G) over a 10-year period as part of prospective
clinical trials. This is the first study to identify predictors of muscle
protein kinetics in a large representative sample of pediatric pa-
tients with severe burn trauma, where protein turnover rates have
been comprehensively determined using stable isotopic methods.
The large sample size allows for the detection of associations, thus
providing unique insights into the factors that influence burn-
induced muscle wasting.

2. Materials and methods

2.1. Patients

The studypopulation comprised children (<18years) admitted to
SHC-G between August 1999 and January 2008 who had burns
encompassing >30% of their total body surface area (TBSA), who
were prospectively studied as part of clinical trials conducted at
SHC-G, and who had undergone �1 stable isotope infusion study
during the acute hospitalization period (prior to the first hospital
discharge) (Table 1). A total of 268 children who collectively un-
derwent 499 stable isotope infusion studies were included in the
final analysis. Part of the protein kinetics data for 97 of these patients
(175 infusion studies) have been previously published [17e26] as
secondary outcomes not related to the aims of this study. Brief
description of those studies is presented in Supplemental Table 1.
Patients were randomly assigned upon admission to receive stan-
dard of care (SOC) only or an additional pharmacologic agent
depending on the clinical trial they were enrolled in (Table 1). The
Institutional ReviewBoard at theUniversity of TexasMedical Branch
in Galveston approved this study. Informed consent was obtained
from patients' guardians prior to enrollment.

Patients received SOC, including fluid resuscitation, wound
excision, and grafting within 48 h of admission, and they were
confined to bed rest for 5 days after each surgical procedure. Enteral
nutrition was initiated upon admission and maintained until pa-
tients could consume sufficient nutrition ad libitum. The enteral
formula used, Vivonex TEN (Sandoz Nutritional Corp., Minneapolis,
MN), has a macronutrient composition of 82% carbohydrates, 15%
protein, and 3% fat, and it was delivered at a rate of 1500 kcal$m�2

TBSA burned plus 1500 kcal$m�2 TBSA.
2.2. Patient and injury characteristics

Patient and injury characteristics were extracted from patient
hospital charts. Age was defined as time from birth to burn, B2A as
time from burn injury to admission, and B2S as time from burn
injury to the stable isotope study. Weight and height were recorded
on admission and study day. Z-score for weight, height and B.M.I on
admission and study day were calculated using WHO [27] and CDC
[28] for children aged 0e2 years old and 2e18 years old respec-
tively. TBSA burned served as an index of burn size, and TBSA 3rd
denoted size of full-thickness (3rd degree) burns. Burn type was
categorized into chemical, electrical/flame, electrical, explosion/
flame, flame, or scald. Pharmacological agents that were adminis-
tered in addition to SOC as part of randomized clinical trials during
the data collection period (1999e2008) included b-blockers,
anabolic agents, and anti-diabetes drugs (Table 1).

2.3. Metabolic studies

The metabolic study design is presented in Fig. 1. Background
Phe enrichment was determined from baseline blood samples. A
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primed (2 mmol$kg�1) constant (0.07 mmol$kg�1$h�1) infusion of
D-5-Phe was initiated and continued for 5 h. Phe enrichment and
concentrations were determined in blood samples drawn simul-
taneously from the femoral artery and vein at 240, 260, 280, and
300 min, and they were analyzed as previously described [29].
Indocyanine green (ICG) infusion between hours 3 and 4 was used
to determine leg blood flow. For the determination of intracellular
and protein-bound Phe enrichment [30,31], 2 muscle biopsies were
taken from m. vastus lateralis at 120 and 300 min using a 5-mm
Bergstrom needle (Stille, Stockholm, Sweden). Muscle samples
were washed with cold saline to remove visible non-muscle tissue,
immediately frozen with liquid nitrogen, and stored to �80 �C for
future analysis [32].

2.4. Calculations e outcome measures

The modified Fick's equation was used to determine leg blood
flow [31].

1) Blood Flow ðBFÞ: BF ¼ ICG Infusion Rate
CF­CC

CF and CC are the femoral and central venous ICG concentration,
respectively. ICG was infused at a constant rate of 0.5 mg$min�1.
Blood flow was normalized for leg volume of each patient. The
essential AA Phe is not synthesized in the body and is only catab-
olized in the liver. Thus, the difference in the concentration of Phe
between the femoral artery and vein represents the net balance
(NB) of protein synthesis and breakdown across the leg. The 2-pool
model was used to quantify Phe kinetics [31]. For the determination
of leg muscle protein fractional synthetic rate (FSR), the precursor-
product method was used [30]. The muscle intracellular enrich-
ment was used as precursor and the bound muscle protein
enrichment as product.

2) Leg protein net balance ðNBÞ: NB ¼ ðCa­CvÞ$BF
3) Phe rate of disappearance ðRdÞ: Rd ¼ BF$

�
Ca$Ea
Ev � Cv

�

4) Phe rate of appearance ðRaÞ: Ra ¼ Ca$BF
�
Ea
Ev � 1

�

5) Fractional synthetic rate ðFSRÞ: FSR ¼ ð½EPðt2Þ�EPðt1Þ � Þ=ðt2�t1Þ
½EMðt2ÞþEMðt1Þ �=2

NB, Rd, and Ra are expressed as nmol$min�1$100 ml�1leg. BF is
leg blow flow in ml$min�1$100 ml�1 leg, Ca and Cv are the average
femoral arterial and venous Phe concentrations over hours 4 and 5,
expressed in nmol$ml�1. Ea and Ev are the average Phe arterial and
venous enrichments over the same period. EM and EP are the
intracellular and protein-bound Phe enrichment, respectively. EP
and EM are shown for t1 ¼ 2 h and t2 ¼ 5 h, when the two muscle
biopsies were performed. Phe enrichments were expressed as
tracer-to-tracee ratio (%).

2.5. Statistical analysis

Patient demographics were summarized as means, standard
deviations, counts, or percentages, as appropriate. Because meta-
bolic studies among different patients were performed at various
time points after burn injury, mixed multiple regression models
[33] were explored for each outcome (FSR, NB, Ra, Rd) with relation
to age, sex, admission and study weight, z-scores for weight, height
and B.M.I., burn type, total burned and 3rd-degree TBSA, B2A, and
B2S, while blocking on subject to control for repeated measures.
FSR was log-transformed to improve approximation of normality.
B2S and B2Awere log-transformed to reduce skewness. Themodels
were compared by Bayesian Information Criteria (BIC), wherein a
smaller BIC is indicative of a superior model. Likelihood ratio tests
were used for pairwise model comparison. Sensitivity analyses
were conducted to compare drug and SOC effects on each kinetic
outcome using mixed linear regression models to adjust for con-
founding and repeated measures. Statistical analyses were per-
formed using R statistical software [34].

3. Results

A total of 268 patients who collectively underwent 499 stable
isotope infusions were included in the final analysis. Patients were
8 ± 5 years old at the time of injury, with 59 ± 17% TBSA burns and
46 ± 24% full-thickness TBSA burns. Infusion studies were per-
formed at 20 ± 11 days after burn. Patient characteristics are
summarized in Table 1. FSR was measured in 235 patients, NB in
105 patients, and 2-pool model Phe kinetics in 100 patients.

3.1. Model selection process for independent variables

3.1.1. Patient and injury characteristics
Highly correlated variables, such as age with body weight or

TBSA with 3rd degree burn, cannot be included in the same model.
In FSRmodels, agewas a better predictor thanweight, while in pool
models of Phe kinetics, weight was a stronger predictor than age. Z-
scores for weight, height and B.M.I. on admission and z-scores for
weight and B.M.I. on study day were not associated with any of the
outcomes. For all outcomes, TBSA burned was a better predictor
than 3rd degree TBSA burned, so TBSA burned was used in the final
analysis. Study weight was, in every case, a better predictor than
admissionweight andwas used in the final analysis. The addition of
B2A to the models did not reveal any significant associations with
any of the outcomes and did not affect the coefficients of the other
predictors. Moreover, BIC was lower when B2A was not included.
For these reasons, B2Awas excluded from the final models. Type of
burn injury did not have an effect on any outcome and was not
included in the final analysis. No non-linear associations of the
predictors with the outcomes were found.

3.1.2. Pharmacological treatment
To increase sample size and the probability of detection of true

association of patients' characteristics with kinetics parameters, the
analysis was performed on the whole cohort of patients regardless
of experimental treatment received. However, type of treatment
was included as categorical variable in all models in order to obtain
unbiased estimates of the size effects of patient characteristics. This
study is not properly designed to assess the effects of the various
pharmacological treatments; therefore, size effects for the levels of
this variable are not presented here.

We performed sensitivity analysis by running the final models
obtained from the total cohort using data obtained from patients
who received SOC only (Supplemental Table 2). While some find-
ings lost statistical significance, possibly due to marked decrease in
sample size, the direction and magnitude of size effects of pre-
dictors where reasonably close.

The final regression models included 5 independent variables:
sex, age or weight, TBSA burned, log-transformed B2S, and phar-
macological treatment.

3.2. Amino acid metabolismdmixed regression model results

FSR, Phe enrichments and concentrations, and pool-model ki-
netics are summarized in Table 2. Mean values for Phe NB across the
leg were negative. Blood flow and Phe kinetic values were signifi-
cantly (2- to 3-fold) higher than those published for healthy



Table 2
Phenylalanine measures, kinetics, and FSR.

Parameter Mean (SD)

Phe concentration/enrichment
Arterial concentration (nmol$ml�1) 111 (34)
Venous concentration (nmol$ml�1) 112 (35)
Arterial enrichment (%) 4.44 (1.5)
Venous enrichment (%) 4.02 (1.7)

Phe kinetics
NB (nmol$min�1 100 ml�1leg) �8 (73)
Rd (nmol$min�1$100 ml�1leg) 127 (87)
Ra (nmol$min�1$100 ml�1leg) 134 (76)

FSR (%$h�1) 0.16 (0.13)
Leg blood flow (ml$min�1$100 ml�1leg) 13 (7)

For NB, n ¼ 105 (obs ¼ 160). For Rd, and Ra, n ¼ 100 (obs ¼ 152). For FSR, n ¼ 235
(obs ¼ 431). FSR, fractional synthetic rate; NB, net balance; Ra, rate of disappear-
ance; Rd, rate of disappearance.

Fig. 2. Time course of fractional synthesis rate (FSR) during the acute period after
injury. Predicted mean of FSR conditional on time from burn injury to study, with 95%
CI adjusted for sex, age, total body surface area burned and experimental treatment
(n ¼ 235, obs ¼ 431). Data points correspond to actual FSR measurements (not
adjusted for covariates). Both FSR and burn to study axes are in logarithmic scale.
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individuals [35], indicating that burn patients were hyperdynamic
with increased leg protein turnover.

The best fit model for FSR is presented in Table 3. Increasing age
was associated with a decrease in FSR (p < 0.001). Burn size was
positively associated with muscle FSR (p ¼ 0.019). Each 1% increase
in time post-burn resulted in a 0.51% increase in skeletal muscle
FSR (p < 0.001) (Fig. 2).

The best fit models for NB, Ra, and Rd are presented in Table 3.
NB was higher in females than in males (p < 0.04) (Fig. 3), and
increasing time post-burn (B2S) was also associated with a higher
NB (p ¼ 0.01) (Fig. 4). Ra was positively associated with TBSA
burned (p ¼ 0.001), indicating higher protein turnover with
increasing burn severity. Rawas higher in males (p < 0.008) (Fig. 3).
4. Discussion

To our knowledge, this is the first time that predictors of muscle
protein kinetics have been determined in a large representative
sample of severely burned pediatric patients who underwent
Table 3
Final mixed multiple regression models for FSR, NB, Ra, and Rd adjusted for type of
experimental treatment.

Model A: Log(FSR) Model B: NB

n (obs) ¼ 235 (431) n (obs) ¼ 105 (160)

Coeff. SE p value Coeff. SE p value

Sex (Male) �0.03 0.234 0.8 Sex (Male) �28 13.4 0.04
Age �0.04 0.008 <0.001 Weight 0.52 0.39 0.19
TBSA 0.01 0.002 0.019 TBSA �0.19 0.37 0.6
Log(B2S) 0.51 0.068 <0.001 Log(B2S) 28.3 10.7 0.01

Model C: Ra Model D: Rd

n (obs) ¼ 100 (152) n (obs) ¼ 100 (152)

Coeff. SE p value Coeff. SE p value

Sex (Male) 38.3 14 0.008 Sex (Male) 4.14 18.3 0.9
Weight �1.09 0.37 0.006 Weight �0.74 0.46 0.11
TBSA 1.22 0.34 0.001 TBSA 0.8 0.46 0.09
Log(B2S) �0.36 11.2 0.9 Log(B2S) 24.2 13.2 0.072

Type of experimental treatment was included as categorical variable in all models to
obtain estimates of size effects of clinical characteristic independent from experi-
mental treatment. The coefficients for each level of this variable are intentionally left
out. FSR and B2S were log-transformed. n refers to the numbers of patients, and obs
is the number of metabolic studies included in the analysis. B2S, time from burn to
metabolism study; FSR, fractional synthesis rate; NB, net balance; Ra, rate of
appearance; Rd, rate of disappearance; TBSA: total body surface area burned.
The p-values of statistically significant predictors (p < 0.05) are highlighted in bold.
cross-limb stable isotope studies. This study encompasses a 10-
year collection of prospective data from 499 stable isotope infu-
sion studies on 268 patients. Smaller studies have implicated
certain patient and injury characteristics in burn-induced catabo-
lism. However, none have explored these relationships using
comprehensively defined protein turnover rates. We used data
from 2-pool AeV balance models, which provide a unique insight
into leg protein turnover after massive burn trauma. We found that
increasing injury severity, increasing time post-burn, and male sex
were associated with changes in several muscle protein meta-
bolism parameters, indicating greater muscle protein turnover
during acute hospitalization. In addition, age was a significant
predictor of muscle protein synthesis in these severely burned
children.

Analysis of skeletal muscle FSR revealed a significant negative
associationwith age and a significant positive associationwith burn
size, indicating that muscle protein turnover is greater in younger
children and with more severe burns. In contrast to our previous
work showing that FSRwas higher in females thanmales, this study
found no effect of sex on FSR [26]. This may be attributable to the
fact that patients were studied up to 2 years post-injury in our
previous study, but were only studied during their acute hospital-
ization on the current study. Nevertheless, in both studies, age and
time post-burn were predictors of muscle FSR [26], supporting the
conclusion that burns induce dynamic changes in muscle protein
turnover.

We have previously shown that muscle FSR markedly in-
creases in children 7e28 days after burn trauma [26]. However,
here we found that FSR continued to increase over the duration
of acute hospitalization period, which ranged from 3 to 60 days
post-burn. This association remained significant after adjusting
for burn severity and time to admission. In healthy individuals,
daily FSR (a mean of postprandial and post absorptive values) is
approximately 0.075%$h�1 (z1.8%$day�1), which corresponds to
several hundred grams of newly synthesized muscle protein per
day [36]. A significant amount of ATP is required per mole of AAs



Fig. 3. Effect of sex on protein net balance (NB) and rate of appearance (Ra) during the acute period after injury. Means are shown with the 95% CI adjusted for weight, total
burned surface area, time from burn injury to metabolic study, and experimental treatment. For NB, n ¼ 105 and obs ¼ 160 (male, n ¼ 73; p ¼ 0.04). For Ra, n ¼ 100 and obs ¼ 152
(male, n ¼ 71; p ¼ 0.008).

Fig. 4. Time course of protein net balance (NB) during the acute period after injury.
Predicted NB mean conditional on time from burn injury to metabolic study, with 95%
CI adjusted for sex, weight, total body surface area burned, and experimental treat-
ment. n ¼ 105 and obs ¼ 160. Data points correspond to actual NB measurements (not
adjusted for covariates). Burn to study axis is in logarithmic scale.
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incorporated into protein, making muscle protein synthesis is an
energetically expensive process [37]. Indeed, protein turnover
has been estimated to account for around 25% of basal metabolic
rate in healthy individuals [38]. Interestingly, we found that,
after burn, FSR is 2e3 times greater than values reported for
healthy individuals, where muscle protein FSR equals approxi-
mately 4e6%$day�1. Clearly then, increased muscle protein
synthesis places a significant energetic demand on severely
burned patients. Moreover, we have recently shown that the
efficiency of mitochondrial ATP production in skeletal muscle
declines post-burn [6,13]. Because muscle mitochondria produce
the ATP required for muscle protein synthesis, our current data
suggest that muscle protein turnover might make a greater
contribution to burn-induced hypermetabolism than previously
thought [37].
Amajor finding of the current study was that muscle protein NB
was higher in females (by ~28 nmol$min�1$100 ml�1) than males.
Moreover, the Ra of AA from the leg was higher in males, while the
Rd did not differ between sexes. These findings suggest that
severely burned males are more catabolic than females, owing to
greater muscle breakdown. There is currently no evidence to sug-
gest that severely burned females cope better than males in terms
of their metabolic response. Whether greater muscle protein
catabolism and AA release in males (as indicated by a higher AA Ra)
is deleterious or a beneficial aspect of the acute stress response to
burns in males is beyond the scope of this hypothesis-generating
observational study. However, this interesting observation de-
serves further investigation, especially given that tailoring treat-
ments based on patient characteristic such as sex and age remains
an important goal.

Muscle protein NB was also positively associated with time
post-burn, suggesting that burn-induced protein catabolism
gradually moderates as patient's progress from the acute to the
rehabilitative phase. No statistically significant association of AA
Ra or Rd with time post-burn (B2S) was found. However, even
though not statistically significant, the coefficient of B2S in the
Rd was positive and high (z24 nmol$min�1$100 ml�1 leg in-
crease in protein synthesis per log-day post-injury, p ¼ 0.07).
The finding that FSR and likely Rddboth indices of muscle
protein synthesis albeit derived from different stable isotope
approachesdincreased with time in our study while the index of
protein breakdown, Ra, remained unaffected, suggests that the
improvement in NB observed with increasing time post-burn is
attributable to increased capacity for muscle synthesis rather
than reduced muscle breakdown. We have previously shown
that a long-term improvement in NB occurs from 6 to 12 months
post-burn owing to a decrease in protein breakdown [8]. The
current study extends this observation by showing that this
gradual improvement in NB following burn trauma likely begins
around 1 month post-injury and is mediated by increased pro-
tein synthesis.

To increase the sample size, we analyzed data from all available
studies, regardless of pharmacological treatment. However, type of
treatment was included as categorical variable in all models in or-
der to obtain unbiased estimates of the size effects of patient
characteristics on muscle protein kinetics. Notably, this study was
not designed to determine the effects of these agents on muscle
metabolism and for this reason, we do not present here the size
effects of each treatment type as obtained in the final models.
Futhermore, to assess the validity of the results obtained by the



I. Malagaris et al. / Clinical Nutrition 38 (2019) 1348e1354 1353
total cohort of patients, we performed sensitivity analysis by
running the final models using data obtained from patients who
received SOC only (Supplemental Table 2). While some findings lost
statistical significance, possibly due to marked decrease in sample
size, the direction andmagnitude of size effects of predictors where
reasonably close.

The current study has several strengths. It is the first to inves-
tigate determinants of muscle protein kinetics in response severe
burns. Given the invasiveness, cost, and translational value of data
derived from these cross-limb stable isotope infusion studies, the
sample size of our current study is considerable. Our statistical
analysis approach allowed us to include almost all the available
data, while controlling for dependency due to multiple studies
being conducted in many of our subjects.

This study also has limitations. The fact that the data analyzed
spanned 10 years likely introduced some variation. That is, small
changes in SOC occurred during this time as a consequence of
staff turnover, technological advances, and changes in laboratory
personnel, equipment, and reagents. However, we did not detect
any effect of year on outcomes, suggesting that these changes
had no significant influence on the data. Given the high het-
erogeneity in our sample, the size effect of the predictors
may have been higher with a more controlled experimental
environment.

5. Conclusions

Patient characteristics such as age, sex, body weight, and burn
size are associated with changes in several parameters of muscle
protein metabolism. Protein turnover was positively associated
with time post-burn throughout acute treatment, suggesting that
contributions of muscle protein turnover to burn-induced hyper-
metabolism are more substantial than previously thought. Further,
females were less catabolic than males, mainly because of lower
rates of muscle breakdown. These data suggest that the stress
response to massive trauma is not uniform and underscore the
need for a more individualized approach to patient care.
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