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Determining energy requirement is a fundamental of nutrition support. Indirect calorimetry (IC) has
been long recognized as the gold standard for assessing basal or resting energy expenditure (REE). The
measurement of REE is recommended particularly in the situation where adjustment of energy provision
is critical. The result of the IC measurement can lead to changes in treatment and since the change can be
carried out immediately at the bedside, this may be considered as point-of-care testing. Beyond the
nutritional aspects, studies of energy expenditure with IC have brought out more understanding of the
metabolic changes during the natural course of diseases or conditions as well as those related to the
intervention. The literature in various disease states has shown that changes in energy expenditure may
reveal hidden metabolic information that might be translated into clinical information and have the
potential of being both prognostic indicators and/or treatment targets.

© 2019 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
1. Introduction

Benedict and Carpenter first published their works on respira-
tory calorimetry in humans in 1910 [1]. This sophisticated system
required a large laboratory room. In 1915 Abraham developed
respiratory calorimetry as a large closed-circuit chamber created
for accurate gas collection. After decades of progress, the devices
underwent further development and became the most validated
tools for resting energy expenditure (REE) measurements [2]. In
more recent times, the development of portable devices has
allowed the test to be carried out at the patient's bedside. The
measuring process no longer involves the classical ethanol burner
calibration or column of spirometry but rather a few simple steps
achieved by the push of a button. REE is calculated from the rate of
oxygen consumption and carbon dioxide production as proposed
by Weir et al., in 1949 [3]. Indirect calorimetry (IC) has been
established as the gold standard of energy expenditure assessment
across various groups of patients [4e7]. However, this technique is
still not widely used. This may be the result of a lack of equipment,
scarcity of skilled operators and experienced interpreters, and the
relative high cost of IC. Thus, financial and technical limitations
appear to be important factors that may impair its generalizable
use [8].
ong).
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As a result of these difficulties, a numbers of REE predictive
equations have been developed and are widely used in general
practice. However, the studies of predictive equations compared
with IC as a benchmark have shown disappointing results in many
settings [9e12]. In the critical ill, a systematic review demonstrated
that the predictive equations yielded an acceptable estimation for
only half of the population while the rest were either over- or
underestimated [13]. To date, many leading guidelines still
recommend the use of IC, if available, over predictive equations
regarding caloric goal setting in nutrition support [5,14].

In addition to becoming a standard REE measurement, the IC
studies have provided more understanding regarding metabolic
alterations during illness. Generally, the REE increases in relation to
the disease severity [15]. Figure 1 illustrates resting energy ex-
penditures in various conditions. Repeated measurement of REE
over the course of an illness showed a dynamic pattern which
might correspond with disease progression or resolution [16]. Day-
to-day variations of REE led researcher to find more precise
methods that could capture this change so they could predict REE
even more accurately [17]. Body temperature, minute ventilation,
cardiac output, etc. were shown to correlate with REE fluctuations
and were incorporated into some predictive equations [18e22].
Changes in these dynamic parameters are caused primarily by
changes of REE which may represent changes in the “stage” of the
disease that cannot be clinically obviously identified [23,24]. Lon-
gitudinal measurement of REE during the course of disease may
allow us to monitor metabolic changes that occur prior to clinical
ism. All rights reserved.
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Fig. 1. Measured resting energy expenditure in various conditions including burn [26e33], multiple trauma (MT) [18,26,34e39], critically ill [40e49], sepsis [39,44,50e53],
traumatic brain injury (TBI) [35,54e57], postoperative [17,58e62], diabetes mellitus [63e68], cirrhosis [23,69e75], chronic kidney disease (CKD) [76e80], cancer [24,59,81e85],
geriatrics [86e89], and home parenteral nutrition patients [90]. Each dot represents the mean of measured REE of each group in the studies. Note that the timing of measurement
within each pathological condition may be different between the studies.
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improvement or deterioration [25]. In other words, we may be able
to anticipate clinical changes or prognosis by “the trend” of REE.

In this review, we describe the use of IC with an example of an
application in critical illness as point-of-care testing. In addition,
we review the literature studying changes in REE in disease states
and discuss how REE measurements may provide more under-
standing of metabolic change and potentially add clinical values to
patient care in both nutritional and beyond-nutritional aspects.

1.1. IC used as point-of care testing to provide energy targets: an
example from intensive care

An important element of the practice of medicine is problem-
solving. Point of Care Testing (POCT) is defined as medical diag-
nostic testing outside the clinical laboratory and in close proximity
to where the patient is receiving care. The driving notion behind
POCT is to bring the test conveniently and immediately to the pa-
tient. Examples of POCTs which have been incorporated into
routine standard of care include arterial blood gas analysis which
detects hypoxemia or hypercapnia and glucometer used to monitor
blood glucose levels. These tests provide results which can affect
treatment decisions within minutes at the bedside.

While using the same principles from the past, advanced tech-
nology has resulted in the feasibility of IC measurements in daily
practice. Recently, devices have been developed which minimize
the complicated calibrating process, the cleaning burdens, the
delay in obtaining results, and in the cost of IC [91e93]. Today IC is
available in an on-the-go handheld size, either as a stand-alone
device or as an extended part of mechanical ventilator. The mea-
surement can be performed at the bedside for in-patients, or in the
clinic for out-patients. Result can be obtained immediately in order
to guide physicians on nutritional management particularly in sit-
uations where the caloric prescription needs to be strictly adjusted
and controlled, for example in critically ill patients. The effects of
under- and overfeeding in this population have been well estab-
lished. Negative energy balance in the critically ill setting was
shown to lead to negative nitrogen [94] and protein balance [95],
increase of infectious complications [96,97], wound disruption,
prolonged mechanical ventilation [98], hospitalization [99], as well
as mortality [100]. Likewise, overfeeding may result in respiratory
compromise or weaning failure, multiple metabolic derangements,
hepatic dysfunction, volume overload, and azotemia [101e103].
The results from the measurement should therefore be used to
guide energy prescription. Current evidence suggests that lowest
mortality in critically ill patients was achieved when calories were
delivered at 70% of REE [43]. This justifies the inclusion of IC
measurements into routine practice a POCT.

Data from observational studies have shown that receiving en-
ergy closer to the measured target correlated with fewer infectious
complications [96,99] and lower mortality [43,100]. To our
knowledge, there are 4 randomized trials which addressed clinical
outcomes of the provision of energy according to themeasurement.
The TICACOS study in critically ill patients showed that using an IC-
directed nutritional goal yielded higher energy and protein delivery
than when guided by predictive equations (2,086) ± 460 vs.
1480 ± 356 kcal/day in the control group, p ¼ 0.01 and 76 ± 16 vs.
53 ± 16 g/day, p¼ 0.01 respectively) with a trend to lowermortality
in the intention-to-treat analysis (32.3% in study group vs. 47.7% in
the control group, p ¼ 0.058) [45]. Heidegger et al. demonstrated a
reduction of nosocomial infections by using supplemental paren-
teral nutrition to achieve caloric target driven by IC [104]. A similar
finding was reproduced in another study by Sirak et al. [97]. A
recent randomized controlled trial which compared individualized
goal-directed nutrition therapy guided by IC and 24 h urinary urea
with a weight-base predictive equation according to European
Society for Clinical Nutrition and Metabolism (ESPEN) in ICU pa-
tients showed no difference between the two groups regarding
various clinical outcomes (mortality, rate of organ failure, infection
complications, length of stay, and physical quality of life assessed by
SF-36) [46]. A possible explanation is the amount of calorie and
protein provision in the two groups of the latter study were too
close to each other and might represent two opposite ends of an
“optimal zone” proposed by Zusman ’s study. These authors illus-
trated an U-shaped curve correlation between the percent of cal-
ories delivered over measured energy expenditure (mREE) and
mortality in ICU patients where an apparent mortality lowering
effect was seen when energy was delivered in the range of 50e90%
REE and possibly considered optimal [43].

Benefits of IC-guided nutrition therapy are also evident in other
settings. Anbar et al. conducted a study in elderly patients with hip
fractures and showed a significant reduction in total postoperative
complications in the group which received nutrition support



Fig. 3. Mean REE of critically ill patients by hospitalization day (Adapted with
permission from [43]).
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guided by repeated REE measurement as compared to routine
nutritional care (27.3% vs. 64.3% respectively, p ¼ 0.012) which was
due mainly to a reduction in infectious complications [88]. A small
preliminary study showed that caloric adjustment to keep
measured RQ > 0.83 in traumatic brain injury reduced the degree of
negative nitrogen balance caused by fixed amounts of calories
provided according to the Harris Benedict equation [105].

1.2. Changes of REE and their clinical correlations in disease states

1.2.1. Acute illness
In the past, metabolic changes in critically ill patients were

proposed to be divided into 2 phases, the ebb and flow phase of
Cuthbertson et al. [106] (Fig. 2). The ebb phasewas characterized by
a decrease in metabolism which occurred immediately after the
onset of disease or injury. The flow phase followed after 24e48 h
with a hypermetabolic period whose severity was considered to
correspond with the severity of injury. The studies of longitudinal
changes of REE in critically ill patients in this era were found to
support the concept of metabolic changes during severe stress.
Most of these studies described an increase in REE during the first
4e7 days of study, reaching a peak during the second week, fol-
lowed by a gradual decline [107,108]. An increase in REE during the
first few days was proposed to be the result of diet-induced ther-
mogenesis as well as an evidence of a flow phase [107].

In addition to disease factors, modalities of treatment and in-
terventions may also influence REE in critically ill patients. Frank-
enfield et al. depicted a rather steady pattern of REE change over
time in small groups of critically ill patients [34]. Zusman et al.
conducted a large retrospective study that showed no specific
pattern of REE over time from data of more than 5000 IC mea-
surements in 1375 ICU patients [43] (Fig. 3). The lack of a recog-
nizable pattern of REE could have many explanations. Early
nutritional intervention which is recommended by many guide-
lines and practiced worldwide has brought about an increase in
energy expenditure due to feeding and hence has driven the REE
during the early period and may attenuate the inflammatory
response in the late phase. Many interventions and treatments also
affect REE, for example, positive pressure ventilation aids in
breathing and may therefore decrease the metabolic demand.
Fig. 2. Ebb and flow phases to represent the metabolic
Sedation, paralyzing agents, therapeutic hypothermia all cause a
reduction in VO2 and energy expenditure [35], blunting the rising
REE usually seen in the past. Therefore the changes of REE do not
only reflect the natural course of disease but also the summation of
metabolic disarrays caused by concerted mediators from neuro-
endocrine, autonomic nervous system, and immune systems that
interact with disease as well as medical interventions. However,
there is also another possible explanation that should be borne in
mind. Due to the very large pool of data in the Zusman study,
variations of REE may be misleading. Significant individual day-to-
day variation may exist despite the fact that no difference in mean
REE was detected [17].

The degree of increase from normal REE may reflect the severity
of the metabolic response to insult. REE was shown to correlate
with CRP at single time points [48] but they lost their association
during the course of illness [107]. One study in children failed to
showed a correlation between REE and nutritional status according
to anthropometric measurements [109]. To our knowledge, there is
no study assessing the prognostic value of REE in general critically
ill patients.
response to injury proposed by Cuthbertson et al.
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1.2.2. Sepsis
Sepsis is characterized by a hyperdynamic cardiovascular

response against infection. However, the tissue oxygen consump-
tion may not increase to the same degree of the increase of cardiac
output because the microcirculatory oxygen extraction is disturbed
by bacterial endo- and exotoxin [110,111]. Oxygen consumption
(VO2) and REE even showed a decrease when the severity of sepsis
increases. Kreymann et al. reported a significant difference in VO2
and REE between patients with uncomplicated sepsis, sepsis syn-
drome, and septic shock (mean VO2 180 ± 19,156 ± 22,120 ± 27ml/
min/m2, mean REE þ55 ± 14%, þ24 ± 12%, and þ2 ± 24% from
predictive REE respectively). This study also noted that the group
with uncomplicated sepsis and sepsis syndrome had a lower
mortality than the septic shock group and proposed that the hy-
permetabolism stage might reflect the patient reserve to express an
adequate response to infection [16]. As study in sepsis children
observed that the lower the REE, the poorer was the outcome and
the extremely low REE patient quickly deteriorated and died
[112,113]. On the contrary, a recent observational prospective study
in severe sepsis adult patients by Wu el at showed that survivors
had significantly lower REE as compared to non-survivors
(measured REE to predicted REE ratio, mREE/pREE, 1.3 ± 0.6 and
1.8 ± 0.4, p ¼ 0.003) and the higher mREE/pREE ratio was associ-
ated with a higher mortality (OR 1.018, 95% CI, 1.010e2.544,
p ¼ 0.031) [114]. These opposite findings may have many possible
explanations. First, it should be noted that these 2 studies were
conducted 22 years apart so the differences in clinical practices and
their influences on REE may be substantial and should be borne in
mind. Second, it is possible that the appropriate body response to
each degree of sepsis is different. While hypermetabolism is
considered appropriate in an uncomplicated course, it may reflect
failure to step downmetabolism to cope with poor tissue perfusion
in severe sepsis and septic shock. All participants in Wu's study
received vasoactive agents so they are comparable to the septic
shock group in the Kreymann study. The non-survivor group in the
Wu et al. studymay exhibit an excessively high REE, or fail to adapt,
during septic shock hence explaining their poor outcome. Another
possible cause is that these studies captured their REE at different
time points. REE during recovery from sepsis was shown to increase
more than that measured during sepsis [112]. While Wu et al.
measured REE daily in the first 5 days after admission, therefore
representing the initial phase of sepsis, Kreymann et al. analysed 76
measurements from 30 septic patients during their ICU stay which
ranged from 1 to 22 days. Uncomplicated groups might represent
the recovery phase of sepsis while the period of sepsis had occurred
prior to the measurement so that the higher REE patients tended to
have better outcomes. The study of Kreymann collected only the
lowest VO2 value from each patient in every stage for analysis so it
might not truly represent the mean REE in septic patients.
Furthermore, the study was not designed to detect differences in
mortality regarding differing REEs. It is predictable that septic
shock patients should exhibit higher mortality than those with
uncomplicated sepsis regardless of REE. Further study should
emphasize how specific host (e.g. well-nourished or malnourished)
factors affect each severity stage and period of sepsis as well as any
association with patient outcome. This will give more under-
standing of the metabolic evolution during sepsis and possible
prognostic value of REE in this group of patients.

1.2.3. Multiple trauma
Skeletal trauma results in metabolic changes to the body.

Studies of REE in multiple trauma patients showed a hypermeta-
bolic state after injury with wide individual variation [50]. Seda-
tion, neuromuscular blocking agents and mechanical ventilation
were reported to decrease REE, however the severity of injury
overwhelms their effects so that patients usually exhibit increases
in REE despite these interventions [36,50]. Controversy existed
regarding the correlation between the degree of hypermetabolism
and severity of injury. The Injury Severity Score (ISS) is the most
common score used in these studies as it has been shown to have a
good correlation with morbidity and mortality [115]. The ISS is
calculated by the summation of the square of the 3 highest scores
obtained from 6 body regions where each region is weighted
equally in the score. From a metabolic point of view, differences in
the of metabolic burden of the same level of injury in different
regions could be substantial. Abdominal injury with visceral organ
involvement could cause a more pronounced hypermetabolic
response than the fracture of extremities. This may explain the
discordant study results.

To the best of our knowledge, only 2 studies using IC-guided
caloric prescription in multiple trauma patients have been per-
formed. Frankenfield et al. conducted a prospective trial which
divided patients into 3 groups who received different amounts of
calories (mainly by variation of calorie from fat) given parenterally.
The three group received roughly 1.25,1.0, and 0.75mREE for 4 days,
respectively. The groups who received 1.25 and 1.0 of mREE
exhibited the deposition of fat. No differences in the degree of pro-
tein loss, nitrogen balance, or serum prealbuminwere found among
the 3 groups. The authors concluded that a hypocaloric practice did
not havea negative effect on protein catabolism or synthesis in
trauma patients and might be used to avoid the over-prescription of
carbohydrate and fat whichmay result in overfeeding [116]. Another
prospective study was performed with the intention to prove the
effects of olive oil in trauma patients. By the end of the study, IC
showed comparable REE between the groups. The intervention
groupwho received olive oil-based nutritionwas unintentionally fed
with lower calories than the control group (17.9 kcal/kg vs. 22.3 kcal/
kg, p ¼ 0.03). The intervention group showed a significantly lower
blood glucose, CO2 production, minute ventilation, shorter me-
chanical ventilation duration and ICU stay. Despite insignificant
differences ofmonocytic HLA-DR expression (as amarker of immune
function in this study) between the groups, a lower infection
complication rate was observed in the intervention group. They
proposed that the benefits seen in the study group might partly be
caused by hypocaloric feeding as well as a lower glucose load in the
parenteral regimen in the intervention group [117].

1.2.4. Postoperative phase
Surgical procedures can be considered "iatrogenic injury or

trauma" from the metabolic point of view. Oxygen consumption is
increased by the injured tissue hence resulting in an increased REE.
However, the increase from surgical injury is lower than that seen
in sepsis and trauma. Pre- and postoperative studies of REE
observed only modest increases in REE during the early post-
operative period. An average of 7e10% increment from baseline REE
or from those with matched controls have been reported [58,59].
An uncomplicated course of surgery further decreases the differ-
ence between pre- and postoperative REE. Fredrix et al. reported
only a 3% increase of REE after uncomplicated abdominal surgery
[59]. Though only a minor increase in postoperative REE was
shown, 30% of postoperative patients exhibited a hypermetabolic
state particularly those with a complicated postoperative course
[59]. Themajority of patients experienced weight loss after surgery.
Non-protein respiratory quotient (nPRQ) and urinary nitrogen
study demonstrated that this loss was mainly from fat rather than
body protein [15]. Conventional perioperative fasting and delayed
initiation of oral intake probably further aggravates weight loss.

Modern perioperative management encompasses multi-
modalities to attenuate the surgery-induced stress and inflamma-
tion. Minimal invasive surgery has become a standard technique in
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many surgical procedures. This helps to limit the extent of tissue
injury, reduce blood loss, and even shows metabolic benefits.
Yatabe et al. found that the average of postoperative REE of patients
underwent laparoscopic esophagectomy was 18 kcal/kg, in other
words 83% of that predicted by HB [60]. The hypometabolic state
was postulated to be caused by the less invasive surgical technique
which limits tissue injury and the practice of sedation and venti-
lation in the ICU. Together with postoperative early enteral nutri-
tion, this hypometabolic state would allow patients to have better
perioperative energy balance and may be translated to the more
rapid recovery seen following minimally invasive surgery.

1.2.5. Traumatic brain injury
Dating back to 1975, hypermetabolism in traumatic brain injury

(TBI) has beenwell documented. REE in TBI can vary widely in both
degree and duration. Data from a systematic review showed that
the mean REE in TBI patients measured by IC ranged from 87% to
200% of the predicted value at some point during the first 30 days
after the insult. Changes in metabolic rate were proposed to be
caused by the overwhelming release of inflammatory cytokines and
mediators following injury [118]. In the present, multimodality
treatments incorporated into current standard practice have im-
pacts on metabolism. Sedatives, neuromuscular blockade,
controlled normothermia, therapeutic hypothermia, and the use of
beta-adrenergic blockers all have an effect on reducing REE in TBI.
Hence the pattern of energy expenditure in TBI has changed
significantly. Many predictive equations of REE have been proved to
inaccurately estimate energy expenditure in this population
[57,119].

There is very little data regarding non-nutritional application of
IC in TBI patients. A decrease in cerebral oxygen demand is desir-
able in the treatment of TBI to limit neuronal damage. Hypothermia
is applied to reduce oxygen utilization by the brain, and alsoto
decrease overall oxygen consumption, due not only to its neuro-
protective effect but also to a reduction of intracranial pressure, and
enhanced cerebral blood flow to meet oxygen demand. However, a
too low oxygen consumption in TBI may reflect failure of the
traumatized brain to utilize oxygen, in other words, the process of
dying neuronal tissue. An abnormal reduction of oxygen con-
sumption to <170 ml/min/m2 in response to hypothermia in TBI is
probably a marker of an unfavorable outcome [120]. Bitzani et al.
demonstrated significant reduction of REE to the point of 25% lower
than basal metabolic rate in TBI patients with brain death and those
who later progressed to brain death [121]. This finding may be
partly explained by reduced cerebral oxygen consumption as well
as the effect of hypothermia. To our knowledge, there is no litera-
ture studying outcome of TBI patients regarding varying REEs.

1.2.6. Burns
A new era of intensive burn care has brought various strategies

to accelerate recovery, and to reduce morbidity and mortality.
Introduction of these modalities has changed the face of postburn
metabolic response. Nowadays, themagnitude of hypermetabolism
in burns is dampened. Well-known REE predictive equations from
the past are no longer valid, with a trend to overestimation
[28,122]. Though many newly developed predictive equations with
better precision and accuracy, more suitable for modern burn care,
have been introduced, REE measurement is still recommended as
the gold standard to determine patient requirements.

Postburn hypermetabolism is unique in its severity and duration
and possesses the first rank in magnitude of increases in REE
among groups of trauma patients. This increase may be as high as
100% above normal [29,123]. A forceful catabolic drive from
endogenous catecholamines and numerous inflammatory cyto-
kines has been regarded as underlying this finding [124,125]. The
hypercatabolic state leads to glycogen, fat, and skeletal muscle
breakdown. An increase of hepatic gluconeogenesis provides more
glucose in order to meet the increasing demand by injured tissues.
Though this hypermetabolic state is an appropriate initial response
to burn trauma, its persistence has devastating effects. Prolonged
hyperglycemia will increase the risk of infection. Continuous utili-
zation of amino acids under the influence of inflammation would
not allow the anabolic phase, as well as healing process, to inter-
vene. Progressive catabolism results in malnutrition, delayed
wound healing, immune suppression, poor physical recovery, and
subsequent death.

Decreasing the degree of hypermetabolism in burns may be
considered as another target of treatment. Attenuation may limit
the catabolic injury while promoting an anabolic environment for
recovery at the same time. Complete burn wound excision with
full-thickness grafting has been reported to temporarily lower VO2
to pre-burn baseline while partial burn excisionwith full-thickness
graft did not [126]. REE also demonstrated a decrease after exten-
sive excision of infected burn wounds as compared to the preop-
erative state [127]. Adequate surgical removal of burnt or infected
tissue helps to decrease the inflammatory process induced by
injured tissue. Many studies have shown benefits of early burn
woundmanagement and wound closure onmortality. Temperature
control and a humidified environment can offset the hyperme-
tabolism induced by thermogenesis to combat heat loss [128,129].
Pain control and sedation alleviate physical agitation which may
result in decreased energy demands. Beta-adrenergic blockade and
anabolic steroids are also proven to attenuate the hypermetabolic
response and improve outcome [125].

Though many strategies have been introduced to lessen the
degree of hypermetabolism, it should be expected to persist in
some degree throughout the hospital course and healing period.
The peak of REE in thermal injury may be seen at a mean of 7e10
days after the burn in moderate to severe burns (TBSA 30e70%), or
as late as 21e45 days in case of extremely severe burns (TBSA>70%)
[130]. Milner et al. reported the time to return to baseline REE at
100e150 days postburn in 20e40% TBSA and 250 days postburn in
those with >70% TBSA [131]. It may be observed up to 12 months
after injury or 6 months after complete healing of severe burns
[132]. A too early decline of REE to hypometabolic state may be
considered as portending a bad prognosis. A large prospective
study in burned children found that a decreasing REE during the
first 6 weeks of admission was strongly correlated with mortality.
In this study, non-survivors seemed to have a lower REE than sur-
vivors but the difference did not reach statistical significance [133].
On the contrary, persist hypermetabolism during the hospital
course was found in the more complicated cases with more
frequent septic complications and multiple organ failure and
consequent higher mortality [134]. Whether the magnitude and/or
direction of metabolic change infers any prognostic value on mor-
tality is controversial. Inconsistent results may be explained by
different definitions of hyper- and hypometabolism among the
studies. The time point of IC measurement may also influence the
results and should be taken into account.

1.2.7. Malignancy
A hypermetabolic state with an increase in energy expenditure

in cancer patients has been noted while their calorie intake was
not found to increase [135]. Thus more frequent negative energy
balance and weight loss were reported in this group as compared
to those with normo- or hypometabolism. A significantly higher
mREE per kg of lean body mass has been reported. This finding
confirms that the increase of REE is not only a result of different
lean body mass. The hypermetabolic group showed lower perfor-
mance status and experienced more frequent therapy-related
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toxicity [83,84]. While cancer treatment was shown to double
survival time as compared to supportive care in overall patients,
the prolonging survival effect seems to be blunted in the hyper-
metabolic subgroup. Vazielle et al. found that hypermetabolic
metastatic cancer patients had decreased survival during cancer
treatment compared with the normometabolic group (14.6 vs. 21.4
months respectively, OR: 1.48; 95% CI: 1.01, 2.17; P ¼ 0.044) (Fig. 3)
[84]. Bosaeus et al. reported a decrease in survival in cancer pa-
tients who exhibited hypermetabolism in the palliative setting
[135]. A possible explanation for the adverse effects of hyperme-
tabolism on cancer outcome is that a high REE reflects a higher
degree of inflammation and metabolic burden caused by malig-
nancy. Hypermetabolism was found to have correlation with
higher systemic inflammatory markers [83]. Some studies showed
a positive correlation between REE and tumor size [136] and tumor
metabolic activity detected by 2-deoxy-2-[18F]fluoro-D-glucose
uptake on positron emission tomography [24]. Increased Cori cycle
activity, hepatic gluconeogenesis by using lactate as substrate
pathways to produce ATP, and Warburg effect, upregulation of
glycolysis which tumor cells convert glucose to lactate anaerobi-
cally for ATP despite the presence of oxygen, were evidenced in
many studies and also proposed to play roles in the hypermeta-
bolic state [137e140]. The mathematical model proposed by
Friesen et al. has shown that it could cost a person an additional
100e1400 kcal/day to host a tumor [141]. When patients fail to
increase their energy intake to meet the demands, loss of body cell
mass occurs. However, in the presence of inflammation, REE can
remain increased despite the decrease in lean body mass. Many
studies have demonstrated hypermetabolism detected in cancer
patients regardless of their weight and body composition
[142,143]. A proportion of patients with hypermetabolism was
even higher in the low body mass index (BMI) group as compare to
those with normal to high BMI [144]. Failure to downregulate
metabolism during loss of lean mass further worsens their con-
dition. This process has been described as cancer cachexia which
eventually leads to a poor clinical outcome.

On the other hand, hypometabolic presentations in cancer pa-
tients are poorly understood. This has been reported with a prev-
alence around 10e20% of patients with solid tumors. Most studies
defined hypometabolism by comparing mREE to pREE using the
Harris Benedict equation. Using weight-based calculation of REE
Fig. 4. Cox model comparing overall survival in metastatic cancer patients
might result in overestimation of those with less lean body mass,
especially in sarcopenic obesity, so that the ratio of mREE/pREE was
underestimated and interpreted as hypometabolism. However,
some studies observed a decrease in REE in kcal per kg of lean body
mass. This finding supports the fact that other factors also
contribute to changes of the REE e.g. type, location, and size of
tumor, presence of liver metastasis.

Studies in cancer patients have revealed that the hypometabolic
subgroup exhibit less frequent negative energy balance, weight loss
and a lesser degree of inflammatory markers as compared to those
with hypermetabolism. A better prognosis of the hypometabolic
patients with longer median survival time was observed when
compared to the hypermetabolic group but somewhat similar to
the normometabolic group which had the best survival (Fig. 4)
[83,84,135]. It was also postulated that hypometabolismmay reflect
a physiologic adaptation to chronic low energy intake as a protec-
tive mechanism to preserve body mass [135]. A lesser degree of
inflammation may allow the body to maintain function and hence
lead to a better prognosis. On the contrary, a small trial docu-
mented that hypometabolism lung cancer patients had a shorter
mean disease-free survival than those with a hypermetabolic state.
However they defined hypometabolic patients by comparing pa-
tient mREE to matched controls [85].

Many pharmacologic treatments with the aim of modifying
metabolism in cancer patients are promising. Data from a sys-
tematic review showed that omega-3 polyunsaturated fatty acid
supplementation in pancreatic cancer patients resulted in a sig-
nificant decrease in REE, increase in body weight and improved
survival [145]. Assessment of energy expenditure by IC may allow
better selection of patients who aremost likely to have benefit from
metabolic modification or guide dosage adjustment over the course
of the disease (for example, hypermetabolic patient may benefit
from propranolol rather than those with hypometabolic, or the
drug should be withhold temporarily during transient hypo-
metabolic episode after radiotherapy and may be resumed once
hypermetabolism rebounds). Re-normalization of REE may be set
as another goal for nutritional therapy. To endorse this, in-
vestigations should emphasize more the selection of patients
(regarding type of malignancy, stage of disease, nutritional status,
and metabolic pattern identified by IC, etc.). The concept of
personalized medicine should be highlighted in the future.
according to metabolic status (Reprinted with permission from [84]).
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1.2.8. Cirrhosis
The liver is the major site of metabolisms of 3 macronutrients,

carbohydrate, protein, and fat. As liver function declines, metabolic
changes in nutrient utilization may be anticipated. The Respiratory
quotient (RQ) changes according to the main substrates which are
being metabolized. The RQ of fat, protein, and carbohydrate
oxidation is 0.7, 0.82, and 1.0 respectively. The measurement of RQ
may imply which energy substrates are being utilized proportion-
ally. Liver glycogen storage decreases in cirrhosis and easmay
become depleted, resulting in more fat and protein mobilization
and utilization as energy substrates. Therefore, the more the RQ
approach 0.7, the more hepatic deterioration is implied as it reflects
poor hepatic glycogen synthesis and reservoir. Many studies have
showna correlation between the decrease of non-protein respira-
tory quotient (npRQ) toward 0.7 and the progression of cirrhosis
[146,147]. An observational study in liver cirrhosis patients showed
that patients with npRQ �0.85 had significantly better survival
than those whose npRQ <0.85 [70,148]. Significant improvement in
npRQ by late evening snack intervention in cirrhosis patients
[149e151] and liver transplantation [152] have been reported. In
clinical practice, npRQ may be used as one of the parameter
reflecting progression of cirrhosis, as well as a surrogate marker of
the adequacy of replenishment of hepatic glycogen reservoir by for
example, a late evening meal.

In general, energy expenditure in cirrhosis is considered com-
parable to that of normal [153]. However, a hypermetabolic state in
cirrhosis is not uncommon and has been reported with a preva-
lence ranging from 5 to 34%. Neither clinical nor laboratory tests
appears to identify this hypermetabolic state in cirrhosis so it may
only be detected by calorimetry [69,154,155]. Worsening of hepatic
function with an inability to remove catecholamine from the cir-
culation was proposed to underlie hypermetabolism as studies
showed elevation of serum catecholamine levels in cirrhotic pa-
tients with an increased REE [75]. The hypermetabolic state in
cirrhosis showed correlationwith prognosis in many studies. It was
related to a lower survival rate as compared to normo-metabolic
patients with viral cirrhosis [70]. Mathur et al. reported shorter
transplant-free survival (patients were censored when dead or
underwent transplantation) in hypermetabolic cirrhotic patients as
compared with non-hypermetabolic patients (9.7 versus 31.8
months, P ¼ 0.05), however criteria for liver transplantation were
not clearly defined in this study [71]. Preoperative hypermetabolic
cirrhotic patients also showed a trend of lower survival after liver
transplantation than those with normo- and hypometabolism [72].
A recent prospective trial in Brazil showed that cirrhotic patients
with a REE �1190 kcal had significant higher survival than those
with REE <1190 (Fig. 5) [73]. As the appendicular skeletal muscle
Fig. 5. Comparison of estimated survival in cirrhosis patients according to measured
REE (Reprinted with permission from [73]).
mass index did not correlatewith REE in this study, it was less likely
that the longer survival in the higher REE group could be explained
by better nutritional status. At a glance, this finding seemed to
oppose the aforementioned studies; however this study analyzed
survival by crude REE while the others compared patients accord-
ing to the ratio between their mREE against their predictive ones
(mREE/pREE). The group with REE�1190 kcal in the Brazilian study
does not represent hypermetabolic cirrhosis patients as the higher
REE does not mean a high mREE/pREE, particularly when weight-
based REE equations were used as a predictive method. Fluid
accumulation in cirrhosis can simply result in a higher pREE and
hence low mREE/pREE. Besides, a cut point of <1190 kcal in this
study might be considered extremely low as the mean mREE in the
study was 1620 kcal/day. Taken together these findings, do not
support the prognostic value of mREE in cirrhosis at this time but a
U-shaped curve of relationship betweenmREE and prognosis might
be hypothesized.

Beta-blockers are commonly used to prevent varices in cirrhotic
patients with portal hypertension. Its effects on metabolism and
nutrition theoretically may be considered as a nutrition interven-
tion for hypermetabolic or malnourished cirrhosis patients. Beta-
blocker infusion in stable cirrhotic patients was shown to reduce
energy expenditure by 5% [155], however its effect was not repro-
duced in a small cross-over randomized trial giving oral nadolol to
stable cirrhotic patients [156]. The latter study failed to recruit
hypermetabolic patients into the study (1 hypermetabolic patients
out of 22 subjects) and intentionally excluded malnourished pa-
tients to whom benefits of REE-reduction intervention may be
more pronounced. IC may help to select hypermetabolic cirrhotic
patients who should receive beta-adrenergic blockade therapy in
addition to those indicated due to portal hypertension. Whether
beta-blocker dosage adjustment according to REE in this group of
patients would benefit needs to be explored.
1.2.9. Renal failure
As the kidneys are one of the most metabolically active organs

that contribute to REE, a decline in kidney functionwhich results in
lower renal oxygen consumption should lead to a decrease in REE.
However, studies of REE in chronic kidney disease (CKD) patients
have had diverse results. Some studies demonstrated that REE in
CKD patients was equal to or lower than those of matched healthy
controls independently of lean body mass [157e160]. Panesar et al.
showed that REE in CKD patients decreased as renal function
deteriorated. It might reflect a reduction of renal energy expendi-
ture as well as metabolic adaptation to a decrease in energy intake
which showed a correlation with REE in this study [161].
Conversely, one study reported a higher REE in end stage renal
disease as compared to predicted REE [162]. REE was shown to
increase with uremic toxic generation [163]. Avesani et al. reported
neither correlation between REE and serum creatinine nor creati-
nine clearance in CKD patients [164].

Renal replacement therapy also effects REE in CKD patients.
Both peritoneal dialysis and hemodialysis patient were shown to
have higher REE than predicted REE [162] and more than those of
healthy subjects. Furthermore, each hemodialysis session was
demonstrated to increase REE in dialysis-dependent patients [165].
However, these are not universal findings. Kamimura et al.
observed comparable REE between those patients on hemodialysis
and healthy controls even after adjustment by fat-free mass (FFM)
[166]. Another study found similar result but they used calculated
REE instead of mREE [167]. On the other hand, Kogirima et al. found
a lower REE in hemodialysis patients compared with healthy
normal controls which might be caused by poor nutritional status
[168].
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Inflammation appears to be an important determinant of REE in
CKD patients. Many studies found that higher c-reactive protein
(CRP) level correlated with increased REE [164,166,167,169]. An
increase in REE along with CRP was shown to be associated with
loss of lean body mass, malnutrition and even increased mortality
and cardiovascular death in peritoneal dialysis patients [169]. High
inflammatory markers found in CKD patients may represent sub-
clinical inflammation from uremic toxins themselves, concomitant
diseases (e.g. diabetes mellitus, hyperparathyroidism), previous
episodes of volume overload, or concealed infections [80,170].
Utaka et al. observed a significant reduction of REE accompanied by
a decrease in CRP after infection was treated in CKD patients [171].
These findings emphasize the relationship between inflammation
and REE in chronic diseases and potential treatable target to modify
REE. Discordant results among many studies regarding REE in CKD
and those with renal replacement may partly be explained in
addition to difference in methodology, by variations of the in-
flammatory status and comorbidities of participants which had not
been adequately taken into account.

On the contrary, acute kidney injury (AKI) has not been shown
to affect REE. Concomitant conditions, such as sepsis, mostly play
role in the hypermetabolism found in AKI patients [160]. In contrast
to ERSD, effects of renal replacement therapy on REE in AKI is
vague. Studies using IC failed to detect differences in REE between
AKI patient with and without renal replacement therapy, whether
the measurements were conducted in the interdialytic interval
[47,172] or during dialysis sessions [173]. Validation studies showed
low precision and accuracy of many predictive equations in pre-
dicting REE in AKI patients and hence emphasize the need for REE
measurements [47,174]. Only one study showed benefit of IC-
directed calorie delivery in AKI. Scheinkestel et al. conducted a
prospective study to demonstrate the effect of different amounts of
protein delivered to critically ill patients with AKI requiring
continuous renal replacement therapy. Caloric prescription in this
study was directed by IC measurement in nearly 70% of patients
and its result showed that mortality in this study was lower “than
predicted”. However, there was no control group regarding caloric
prescription in the study [175].

1.2.10. Obesity
To find an effective weight management strategy becomes one

of the most challenging tasks for researchers as the prevalence of
obesity increases worldwide. The key to success may lie with an
understanding of energy balance. REE was found to decrease in
varying degrees during weight loss. Change in energy expenditure
during weight reduction was studied extensively and the reasons
for this changewere found to relate closely with the change of body
composition. Fat mass (FM) is generally considered asmetabolically
inactive tissue and contributes less to the REE than fat-free mass
(FFM) which is more metabolically active. However, the high per-
centage of body fat in severe obesity results in FM having more of
an influence on REE than it usually does in the non-obese popu-
lation. During weight loss, the loss of large amounts of FM results in
a substantial decrease of the REE [176] while REE per kg of body
weight increases as the percentage of FFM increases relatively
[177e180]. Although the decrease of REE seems to be explained by a
change of body composition, this degree of reduction was greater
than that predicted even after taking changes of body composition
into account [180,181]. This further reduction was proposed as
adaptive thermogenesis (AT), an adaptation mechanism allowing
survival from prolonged negative energy balance by dampening
overall cellular metabolic activity to preserve energy. This natural
protective mechanism might have a negative impact on weight
reduction and contribute to failure of further weight reduction as
well as subsequent weight gain. The AT was detected after 2 weeks
of energy restriction and could be observed for up to 2 years after
bariatric surgery [178,182]. It was estimated that ATcould result in a
120-kcal further decrease of REE from the after-weight-loss pre-
dicted REE with high individual variation) [182]. The prevalence
and magnitude of AT was reported variously among different
studies [183e185]. Rabl et al. even reported that no ATwas detected
either after bariatric surgery or with diet control [179]. These
discordant results raise the hypothesis that individual factors are
involved in the evolution of AT including age, sex, genetic factors,
and the degree of weight loss. Discrimination between the degree
of contribution on REE of skeletal muscle and those of the higher
metabolically active organs (such as brain, liver, kidney) may pro-
vide more understanding in change of REE during weight loss.)

1.2.11. Geriatrics
Studies regarding energy expenditure in the geriatric population

have mostly focused on the free-living elderly. The doubly-labeled
water technique, together with IC, have been used commonly to
explore changes of total, resting, and activity energy expenditure
(AEE) during aging. Total energy expenditure (TEE) in older adults
was found to decrease as compared to young adults. Its reduction
was mainly contributed to by a decrease of physical activity-related
energy expenditure. Many studies showed that physical activity
declined with aging. One study reported a prevalence of sedentary
lifestyle at 34% in older adults [186]. Chronic low physical activity
can lead to loss of muscle mass which itself was found to be one of
the risk factors for the decrease of activity-related energy expen-
diture, hence setting up a vicious cycle [187]. The AEE in elderly was
reported to decrease by 2.05% each year or an average of 14.6 kcal
for each day passed [187]. A large prospective 12-year cohort study
in German elderly demonstrated that in each decade daily energy
expenditure of physical activity decreased by 113 kcal [188].

A decrease of REE in elderly also has been reported. The loss of
FFM during the aging process was proposed to be responsible for
this finding. However, the decrease of REE observed in the geriatric
population was not entirely explained by the effect of changes in
FFM [189,190]. One study demonstrated that REE significantly
declined with age even after adjustment for change of body
composition and fat distribution (6.8 kcal per year in males and to
1.9 kcal per year in females, both P < 0.001) [188]. This finding leads
to the hypothesis that there is a decrease in metabolism per unit of
tissue mass accompanying the aging process. The proposed
mechanism included influence of hormonal change (e.g. thyroid,
catecholamine, insulin, growth hormone), qualitative change of
high metabolic organ (e.g. increase in fat infiltration in the organs)
[191], under-response to sympathetic activation [192], as well as a
decrease in protein turn over in the elderly [189].

Despite these decreases in energy expenditure in the elderly,
positive energy balance is not easily achieved particularly during
hospitalization. One study revealed that the mean energy intake in
hospitalized elderly patients was around 1.0 REE whereas TEE in
low physical activity (i.e. lying or sitting) in the elderly was shown
to be around 1.2e1.3 REE. Fifteen of twenty patients in this study
showed a negative energy balance during admission which corre-
lated with decreases of mid-arm muscle circumference [193].

Preserved energy expenditure in the elderly have been linked
with their prognosis. Manini et al. demonstrated a lower mortality
in free-living elderly with less decline in AEE during aging as
compared to those with more decline. The highest tertile of AEE
showed a significant reduction in mortality as compared to the
lowest tertile (hazard ratio, 0.31; 95% confidence interval,
0.14e0.69) [87]. Higher physical activity helps to preserve muscle
mass hence increase both TEE and REE in the elderly [194]. One
study showed that light activity influenced on the TEE of the elderly
as much as moderate to vigorous activity [195] so it should be
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promoted in this population to help maintain their function and
energy expenditure.
1.2.12. Diabetes mellitus
The mechanisms of increase in energy expenditure in diabetic

patients are different from those found in other diseases. The dis-
ease itself does not cause intense inflammatory or catabolic state as
in acute illness but alters macronutrient metabolism of the body
and leads to increases in REE. Carbohydrate oxidation in diabetic
patients is limited due to insulin deficiency in DM type1 or insulin
resistance in DM type 2 hence the oxidation process is shifted to-
ward lipids and proteins [63,196,197]. Lipolysis and proteolysis both
are considered as a higher metabolic burden than glycolysis. Be-
sides, increases of hepatic gluconeogenesis which is the main
contributor to fasting hyperglycemia in diabetes, also consumes
more energy. Many studies have demonstrated a modest increase,
around 5e10%, in energy expenditure in diabetic patients in terms
of REE/FFM [64,65,196,198] and by the percentage increase from
the predicted value [63,67]. The degree of increase of REE showed a
positive correlation with fasting plasma glucose [64] as uncon-
trolled disease may further aggravate lipolysis and proteolysis
while this REE increment was not observed in well controlled
diabetic patients [68]. Other factors that are proposed to increase
energy expenditure in diabetes include increase in sympathetic
activity [199]. These changes in energy expenditure may play a role
in the weight loss seen in poor controlled diabetic patients in
addition to dehydration and caloric loss by glycosuria.

As the pathophysiology of diabetes mellitus plays a role in in-
creases of energy expenditure, treatments that may reverse this
mechanism may be expected to have an affect in lowering energy
expenditure. Insulin therapy was shown to have a negative impact
on energy expenditure. After 1 year of insulin therapy which was
shown to offset the increase of hepatic gluconeogenesis and lipid
oxidation, patients showed an increased RQ and reduced REE
[196,200]. This effect may partly be responsible for the weight gain
seen after insulin therapy. Gonzalez et al. found that the reduction
in REE was observed 2 days after insulin therapy was initiated. This
early change in REE supported the hypothesis that the decrease in
REE was caused by insulin-induced metabolic alterations rather
than changes of body composition or physical activity. Further-
more, this early change in REE after treatment was associated with
later weight gain during the treatment [201]. Matsushita et al.
demonstrated the benefits of self-recognition of energy intake and
Table 1
Summary of the suggested roles of IC as a point of care testing in disease and conditions

Diseases Possible roles of

Acute illness - To guide energy
Sepsis - To determine th

- To evaluate pro
Multiple trauma - To guide energy
Postoperative - To evaluate deg
Traumatic brain injury - To use mREE as

- To evaluate pro
Burn - To use mREE as

of burn wound e
- To evaluate pro

Malignancy - To use mREE as
- To evaluate pro

Cirrhosis - To assess diseas
- To evaluate pro

Renal failure - To evaluate pro
Obesity - To identify pati
Geriatrics - To evaluate pro
Diabetes mellitus - To early identif
Home PN - To guide caloric
energy expenditure in controlling blood sugar in diabetic patients
[202]. Measuring REE in this group of patients may increase self-
awareness of dietary control. Monitoring change in energy expen-
diture of diabetic patients in response to treatment may guide the
selection of a hypoglycemic agent of choice which result in better
weight management in obese diabetic patients.
1.2.13. Home PN patients
Patients receiving home parenteral nutrition (HPN) need

particular attention regarding calorie and protein prescription as
most of them present with malnutrition from various causes which
resulted in the need for HPN therapy. Low body weight is common
and makes them vulnerable to under- and overfeeding. Inadequate
calorie intake may further deteriorate nutritional status, while
overfeeding may lead to parenteral nutrition-related complications
particularly liver failure. Only 1 study documenting the REE of HPN
patients with IC has been performed. The mREE from 76 HPN pa-
tients was compared to common predictive equations. It was
shown that 50e60% of patients would be overfed when using the
predicted REE. Ireton-Jones and ESPEN 20 kcal/kg equations were
the twomost reliable equations to predict REE in HPN patients [90].
Additional calories should be added over the measured value to
cover energy expenditure from daily activity. Edakkanambeth et al.
reported energy needed for weight gain in severely underweight
HPN patient was up to 50 kcal/kg/day. The amount of energy need
per kg body weight decreased later during HPN therapy due to an
increase of the percentage of fat mass while patients regain weight
[203]. IC should be used to guide caloric prescription in this unique
group of patients. Table 1 summarize the potential roles of IC as a
POCT in diseases and conditions.
2. Limitations of IC measurement

Clearly, not all patients are suitable for IC measurement. De
Waele et al. conducted a prospective study in critically ill patients
and found 61% of patients for whom an IC measurement was
indicated had conditions which precluded the measurement [93].
As IC measures inspired and expired VO2 and expired VCO2 for the
calculation of REE, patients with any conditions whichmay result in
O2 and/or CO2 losses from the circuit may be considered not good
candidate for REE measurement. These conditions include those
caused by diseases such as chest tube insertion with air leakage,
bronchopleural fistula, and those losses due to therapeutic
.

IC as a point of care testing

prescription to avoid under- and overfeeding [45,46,97,104]
e stage of shock and recovery [16]
gnosis on mortality [114]
prescription to avoid overfeeding [116,117]
ree of stress caused by tissue injury after surgical procedure [60]
a target of hypothermia therapy adjustment [120]
gnosis on outcomes and to predict brain death [121]
a target of metabolic-lowering interventions (pain control, sedation, adequacy
xcision, temperature and humidity control, beta-adrenergic blockade) [125e129]
gnosis on outcomes [133,134]
a target of metabolic-lowering interventions [145]
gnosis on outcomes and survival [83e85,135]
e progression [71,146,148] or response to nutritional therapy [149e151]
gnosis on outcomes and survival [72,204]
gnosis on outcomes and survival [169]
ents who develop adaptive thermogenesis during weight reduction [178,182]
gnosis on mortality [87]
y patients with high risk of weight gain after insulin therapy [201]
prescription during weight gaining programs [203]
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interventions, i.e. high positive end expiratory pressure
>10e12 cm H2O (prone to cause leakage from the endotracheal
cuff) [8,205], patients on extracorporeal membrane oxygenation
(ECMO) or liver support therapy. An inaccurate measurement can
occur due to limitations of the gas measurement technique [206].
The measured VO2 is less accurate when the FiO2 is high (consid-
ered at FiO2 > 60%) or in the presence of other gases other than O2,
CO2, and N2 (such as the use of NO2 therapy). Other unstable con-
ditions, i.e. agitation, recent analgesics and/or sedatives adjust-
ment, change of ventilator setting, or titration of feeding within 1 h,
unstable acid-base status (during renal replacement therapy),
change of body temperature > 1 �C in less than 1 h, should preclude
the measurement as the result may not represent a true REE.
Claustrophobia can be troubling for a canopy study in non-
mechanically ventilated patients.

However, certain limitations of IC have been recently been
challenged. The invention of ventilator-derived REE allows REE to
be calculated from only measurement of carbon dioxide provided
by the built-in CO2 sensor. Its validation compared to IC and
frequently used predictive equations showed promising results in a
recent study and so has been proposed as a possible solution for
REE measurement where IC is not available and for the patients
who require a high FiO2 [207,208]. It should be noted that VCO2-
derived REE is based on calculated RQwhich needs to be tailored to
each nutrition formula, otherwise its precision may be compro-
mised. Combining VO2 and VCO2 from the ventilator together with
those from the artificial lung of veno-venous ECMO may allow REE
to be measured in this special setting [42].

3. Conclusion

The optimization of energy provision is a mainstay of nutrition
therapy. IC has been shown to be successful in determining energy
expenditure, superior to all predictive equations and has become
the clear gold standard in various settings. With continuous im-
provements inmedical technology, the unwieldy face of IC has been
changed to become a more compact, affordable, user-friendly, and,
hence, practical option. The measurement of energy expenditure
does not only provide a way to assess a patient's nutritional re-
quirements, but also to provide clear solutions allowing the
physician to adjust the caloric prescription to avoid under- and
overfeeding in acute settings as well as to control the direction of
long term nutritional management in chronic diseases. Studying
the changes in energy expenditure over time in certain diseases has
captured and revealed many subclinical metabolic alterations
during disease progression or improvement. These findings may
change the way we assess our patients, provide prognostic infor-
mation, and may have the potential to be used as a novel metabolic
treatment target. Therefore, bringing IC into clinical practice as
point of care testing should be encouraged as a part of the indi-
vidualized practice of modern medicine.
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