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Abstract

The problem of diagnosing nutritional status disorders in septic patients remains unresolved. This is associated with the
necessity of the introduction of newer and newer methods of assessing nutritional status, often requiring precise and expensive
equipment as well as employment of professionals in this field in hospital wards, primarily including intensive care units (ICU).
Methods that have been applied thus far for assessing nutritional status, also used in severely ill septic patients, have little impact
on improving treatment results. This is due to the high dynamics of changes in nutritional status in these patients, healing pro-
cess variability in individual patients, and the “mismatch” of methods for assessing nutritional status in relation to the patient’s
clinical status. The diagnostic value of the traditional methods of assessing nutritional status, i.e. anthropometric analysis and
selected laboratory tests, as markers of nutritional status disorders in septic patients, is still debatable. There is still no precise
method that could become the “gold standard” allowing for early identification of malnutrition in these group of patients. Phase
angle, bioelectrical impedance vector analysis (BIVA), and the “illness marker”, obtained directly from the resistance, reactance,
and impedance, can be used as prognostic or nutritional indices in severely ill septic patients, but the intensity of research on this
subject needs to be increased. Detailed assessment of nutritional status should include tests of selected inflammation markers

(including TLC, HMGB1, IL-6, IL-10, IL-1ra, STNFRI).

Introduction

Although significant advances have been made in
knowledge concerning the causes, prevalence, diag-
nosis, consequences, and treatment of malnutrition in
everyday clinical practice, still little attention is paid to
the professional evaluation of nutrition [1]. It should be
stressed that malnutrition is an independent and the
strongest, in addition to organ failure, risk factor of
treatment complications and the patient’s death. It oc-
curs on average in 50% of septic patients treated in the
intensive care unit (ICU) [2]. The consequence of mal-
nutrition is extended treatment time (30-50%), higher
incidence of septic complications (15-30%), respiratory
and circulatory failure, and cardiac arrest, as well as in-
creased mortality (30-60%) [3]. Therefore, prevention of
malnutrition and its treatment is an immensely impor-
tant part of comprehensive patient care [1, 4].

Interpretation of nutritional status results in septic
patients treated in ICU poses several difficulties. It is
known that nutritional status disorders have a significant
impact on the results of treatment and they should be
carefully monitored in the group of malnourished septic
patients requiring nutrition. Nutritional status disorders
in septic patients treated in the ICU may result from star-
vation, absorption and digestion disorders, disturbed
metabolism and prolonged increased systemic inflam-
matory response syndrome (SIRS) or compensatory anti-
inflammatory response syndrome (CARS), accompanying
infections and multiple organ failure [5-7]. Despite the
use of various therapeutic algorithms, severe infections
and acute respiratory failure are still the main causes of
death. Mortality in septic patients treated in the ICU is
still the highest. In sepsis it is 16%, and in severe sepsis
36%, while in septic shock it is 58% [8, 9].
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Difficult to compensate protein-calorie deficit, ex-
acerbating in septic patients, can lead in a short time
to persistent inflammation and immunosuppression
and catabolism syndrome (PICS), burdened with high
mortality. Simple clinical diagnostics of PICS is based
on the identification of abnormal values of selected pa-
rameters (ICU stay > 10 days, weight loss > 10% during
hospitalisation or body mass index (BMI) < 18 kg/m?,
C-reactive protein (CRP) >150 pg/dl, total lymphocyte
count (TLC) < 0.8 x 10%1, albumin < 3.0 g/d|, transfer-
rin/prealbumin < 10 mg/d|, retinol-binding protein (RBP)
< 10 pg/dl) [10, 11]. The results of these studies indi-
cate the need for an appropriate therapeutic approach,
taking into account the nutritional status improvement
and reduction in protein catabolism, which requires
close monitoring of nutritional status changes. The
referred diagnostic test scheme did not include the
assessment of multi-level “defects” of the immune re-
sponse (inflammation) increasing the risk of severe in-
fections and multiple organ failure.

Among the many factors hindering the evaluation of
nutritional status, one should mention the development
of the disease process (development of infection, organ
failure, movement of fluids into the extravascular space,
persisting hypercatabolism) and the treatment applied
(reoperations in patients in severe condition, renal re-
placement therapy). The diagnostic value of selected
tests (TLC, levels of albumin, transferrin, RBP fibronec-
tin, TTR — transthyretin/prealbumin, muscle proteolysis
index, levels of selenium or glutamine, arginine, selec-
tin, citrulline) as markers of nutritional status disorders
in this group of patients is still debatable. Most of these
tests are not routinely performed in the ICU [5]. How-
ever, simple anthropometric and laboratory methods,
routinely applied to evaluate the nutritional status of
chronically ill patients, are also used in severely ill septic
patients. Heterogeneity in study groups and genetically
determined variability of the inflammatory response to
trauma, infection, or malnutrition are other problems
hampering the evaluation and comparison of nutrition-
al status in septic patients treated in the ICU. Expanding
routine diagnostics of nutritional status by more accu-
rate assessment of the inflammatory response based
on the concentrations of proinflammatory and anti-in-
flammatory cytokines (IL-6, IL-10, IL-1ra, or sSTNFRI) pro-
vide some hope [12]. It has been repeatedly proposed
that the dynamics of the inflammatory response be
controlled in severe infection on the basis of selected
parameters of SIRS and CARS response (e.g. TNF-q, IL-1,
IL-6) [13]. Attention was also drawn to other prognos-
tic factors, including genetic predisposition, type and
source of infection, and degree of multiple organ failure,
formulating on this basis a sepsis classification system
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(predisposition, insult/infection, response of the host
system and organ dysfunction — PIRO staging system)
[14]. This system (omitting nutritional status assess-
ment) attempted to link selected genetic, immunolog-
ical, and bacteriological markers with clinical signs of
infection. However, it is still not precisely determined to
what extent the inflammatory response parameters cor-
relate with changes in the state of nutrition in these pa-
tients, the severity of their condition, and the results of
treatment. The authors of many studies emphasise that
the markers of nutritional status used in the ICU septic
patients should be accurate, sensitive to its changes,
possibly easy to apply, and reproducible. Unfortunately,
there is no single marker that can be used to assess
nutritional status in such a heterogeneous group of pa-
tients, i.e. septic patients requiring intensive care [6, 15,
16]. Interpretation of test results is hampered by the
high dynamics of nutritional status changes, variability
of the recovery process in individual patients (wound
healing, return to natural feeding), and the “mismatch”
of methods for assessing nutritional status in relation
to the clinical condition of the patient. There is still no
precise method that could become the “gold standard”
allowing for early identification of malnutrition in septic
patients requiring intensive care [17, 18]. Increasing em-
ployment of nutritionists in the ICU may be one practi-
cal solution because they, as members of professional
therapeutic teams, will expertly verify the diagnostic
usefulness of existing methods for assessing nutritional
status, the value of laboratory indices of malnutrition,
and the effectiveness of appropriate nutritional therapy
(e.g. enhancing the immune system).

Nutrition societies recommendations

To assess nutritional status, experts of the Ameri-
can Society for Parenteral and Enteral Nutrition (ASPEN,
2002) recommend a screening assessment based on
the SGA questionnaire and evaluation of: weight loss,
nutrient intake level, disease severity, gastrointestinal
tract function, and the presence of comorbidities. The
SGA scale score significantly correlates with anthropo-
metric measurements, high scores on disease severi-
ty scales (i.e. APACHE Il and SAPS 11), as well as with
increased mortality of the patients [19]. An additional
advantage of this scale is that it is not just a simple
diagnostic tool, but it also identifies the risk of compli-
cations correlated with the nutritional status of severely
ill patients. Experts believe that it is necessary to com-
bine both clinical and biochemical parameters in order
to diagnose malnutrition [20, 21]. According to ASPEN,
traditional methods for assessing nutritional status, i.e.
anthropometry and measuring serum concentrations of
proteins such as albumin, prealbumin, transferrin, and
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retinol-binding protein, have limited diagnostic value
for severely ill septic patients requiring intensive care
[21]. It should be emphasised that the reduced synthe-
sis of these proteins in plasma may not only be a con-
sequence of malnutrition, but also a disease, e.g. liver
damage, kidney diseases, intestinal fistulas, exudative
enteropathies, inflammatory bowel disease, extensive
burns, exudates, transudates, and increased degrada-
tion during infection and diseases involving fever and
increased metabolism. Therefore, the mutual interaction
of malnutrition and inflammation in septic patients is
an extremely complex and still poorly understood prob-
lem. One of the major drawbacks of this method is the
lack of quantitative criteria because SGA is based on
observer experience [5]. This scale is one of the two
most commonly used screening scales (except NRS
2002) to identify malnutrition [22].

In 2003, the European Society for Clinical Nutrition
and Metabolism (ESPEN) published standards for evalu-
ating nutritional status in hospital wards. It was recom-
mended that all adult patients, including septic patients,
in every hospital ward, including the ICU, should under-
go screening tests based on the NRS 2002 scale (Nu-
trition Risk Screening 2002) [23]. This scale has a high
efficacy in predicting the course of disease in severely ill
patients with sepsis, and according to different authors,
it should be used within 48 h of admitting the patient
to the ward [4, 24]. Numerous studies have shown that
the NRS 2002 scale positively correlates with the length
of hospital stay, the incidence of postoperative compli-
cations, and increased mortality [4, 25-28].

We have shown in our own study on a group of 155
septic patients treated in the ICU that all of the four
studied scales (two scales assessing nutritional status,
and two scales of disease severity), i.e. SGA, NRS 2002,
APACHE 11, and SAPS I, were positively related to the
occurrence of death. However, the highest discrimina-
tory strength was found in the case of the NRS 2002
scale (Figure 1) [29]. The optimal cut-off point for NRS
2002 scale was 5.5 (sensitivity = 0.818 and specificity
= 0.705), while for SGA — 2.5 (sensitivity = 0.606 and
specificity = 0.721).

According to the ESPEN experts, the risk of severe
malnutrition occurs when at least one of the follow-
ing criteria is present: weight loss over 10-15% within
6 months, BMI < 18 kg/m?, classification C in the sub-
jective global assessment (SGA), and serum albumin
< 30 g/l (with no signs of liver or kidney disorders).
In addition, ESPEN considers hypoalbuminaemia, of the
laboratory tests, as reflecting inflammatory activity, and
therefore representing a better risk factor for postoper-
ative infectious complications and increased mortality
than the sole state of malnutrition [30].
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Figure 1. The receiver operating characteristic
(ROQ) curve —the positive relationship of 4 stud-
ied scales with the occurrence of death

In 2009, ASPEN and ESPEN developed common
guidelines for diagnosing malnutrition in relation to
the inflammatory response [31]. Malnutrition was di-
vided according to three criteria: malnutrition associat-
ed with starvation, malnutrition associated with chronic
disease, and malnutrition associated with acute inflam-
mation. The societies determined that there is no single
parameter based on which malnutrition can be identi-
fied. In order to detect malnutrition in septic patients
treated in the ICU, who most likely suffer from malnu-
trition associated with acute inflammation, it is recom-
mended that at least two of the six criteria included
in Table | are determined [31]. It was emphasised that
energy demand in severely ill septic patients treated in
the ICU depends on the stage of the disease and nutri-
tional status. Energy consumption in haemodynamically
unstable patients should not exceed 30-50% of ener-
gy expenditure. As regards septic patients hospitalised
for an extended time period in the ICU, with frequent
exacerbations of catabolic processes, the energy re-
quirement should be determined by measuring ener-
gy expenditure. Numerous studies have demonstrated
that the estimation of energy requirements in critically
ill patients with sepsis treated in the ICU is subject to
very high overestimation error and requires individual
assessment, preferably using indirect calorimetry [32].
The energy expenditure of patients requiring intensive
care is often modified by various factors (patient im-
mobilisation, lack of muscle activity, sedation, artificial
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Table I. Criteria for malnutrition in septic patients treated in ICU with acute inflammation

Criterion Moderate malnutrition Severe malnutrition
Energy supply < 75% energy supply for a minimum of 7 days < 50% energy supply for a minimum of 5 days
Weight loss 5% decrease within 1 month 5% decrease within 1 month

Adipose tissue loss Mild decrease

Moderate decrease

Muscle loss Mild decrease

Moderate decrease

Fluid retention Mild increase

Moderate or high increase

Muscle strength Not applicable

ventilation, different ways of nutrition or lack thereof,
generalised inflammation, impaired excretion, multi-or-
gan failure), and therefore its estimation using equa-
tions in this group of patients can lead to unacceptably
large error [33]. In a randomised TICACOS trial, it was
demonstrated that the supply of an adequate number
of calories to patients, in relation to their energy ex-
penditure, significantly decreased their mortality [34].

Since 1 January 2012, the Ministry of Health in co-
operation with the Polish Society of Parenteral and En-
teral Nutrition (POLSPEN), based on NRS 2002 and SGA
scales, imposed the obligation to conduct a screening
assessment of nutritional status of patients in all hospi-
tal wards, including ICUs (except for emergency depart-
ments — ED). A deepened evaluation of nutritional sta-
tus according to the POLSPEN standards (2014) should
be based on the analysis of anthropometry results and
additional tests, i.e. age, height, current weight, com-
plete blood count, serum electrolytes, urea, creatinine,
glucose, albumin, triglycerides, and cholesterol levels.
The following anthropometric and laboratory parame-
ters should be additionally included in justified cases:
arm muscle circumference, triceps skinfold thickness,
transferrin and prealbumin concentrations, nitrogen
balance, resting energy expenditure, respiratory rate,
and body composition measurements [1].

Importance of selected
anthropometric index evaluations

Anthropometric indices can be used for initial eval-
uation and detection of malnutrition, however, due to
the too slow reaction of the system to changes in the
supply of nutrients, they are of limited value in the dai-
ly monitoring of nutritional status. The evaluation of
these parameters can be burdened with unacceptably
large errors due to changes in hydration and hypoal-
buminaemia [35, 36]. This was confirmed in a trial
conducted in the ICU that included a small group of
patients with peritonitis and a history of large, blunt
abdominal trauma. These authors observed that a loss
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of total protein in both groups was highest during the
first 10 days (average of 13.1%), while septic patients
retained two times more water as compared with the
group with a trauma history. It is known that in severely
ill patients treated in the ICU, determination of body
weight is very difficult and may be subject to errors
due to the large dynamics of changes in hydration in
a short period of time (lying patient, unconscious, con-
nected to a ventilator) [37]. The body weight of the pa-
tient is the sum of protein, fat, water and bone mass in
the body. When proportions of these components are
changing, e.g. during increasing swellings, despite the
deteriorating nutritional status, it may not undergo any
significant changes or it may increase. Therefore, nor-
mal nutritional status, often identified with excessive
body weight, may be misinterpreted in severely ill ICU
patients [37]. A study by Mourilhe et al. showed that
changes in body weight in septic patients, requiring in-
tensive care, are more due to the body fluid movements
than changes in nutritional status. In these studies, it
was found that body weight losses greater than 10%,
acute or occurring in the past 6 months, indicating
malnutrition, should not be considered as independent
parameters in the assessment of nutritional status of
septic patients in the ICU, which was also confirmed by
other authors [5, 36].

Body mass index (BMI, calculated based on the quo-
tient of patient body weight in kg and the square of
their height in metres) gives information about the pa-
tient’s nutritional status and the associated risk of dis-
ease development, complications, or death. Body mass
index as well as the measurement of body weight in
assessing the nutritional status of critically ill patients
may be misinterpreted because of the changes in fluid
balance caused by, among others, oedemas or use of
diuretics [38]. It should be noted that BMI should be
primarily used to identify malnourished patients admit-
ted to the ICU, while it has little value in monitoring the
nutritional status of septic patients [39].
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Arm muscle circumference (AMC), which evaluates
the arm muscle tissue reserves (not including the bone
area), can be useful among other anthropometric pa-
rameters for assessing the nutritional status of patients
and malnutrition identification. It is an easy, fast meas-
urement that can be used at the bedside. However, it
may be unreliable because of the increased fluid reten-
tion in the body of the ICU septic patient [39]. Arm mus-
cle circumference below 15 cm in patients requiring in-
tensive therapy may indicate chronic malnutrition, and
thus increased risk of complications and mortality [40].
Similarly, measuring triceps skinfold thickness (TSF) and
handgrip dynamometry do not apply in critically ill pa-
tients with sepsis treated in the ICU [41].

The importance of body composition
tests

Due to the limited usefulness of anthropometric
analysis and biochemical indices in assessing the nu-
tritional status of severely ill patients, attempts are
made to analyse body composition using bioelectrical
impedance analysis (BIA), evaluating the fat content
and lean body mass using the electrical properties of
the organism and varying impedance of particular tis-
sues to electric current. By measuring the BIA, one can
specify, among others, the content of lean body mass,
total water content, total cell mass, and extracellular
and intracellular mass. Bioelectric impedance is a meas-
ure of electrical resistance of the body, i.e. the total
“obstacle” that body tissues represent for the current
flowing through them, expressed in ohms. It consists
of passive resistance or otherwise capacitive resistance,
known as reactance (X), and active resistance, known
simply as resistance (R). The resistance of the tissues
is primarily dependent on the resistance of cell mem-
branes. Adipose tissue and extracellular water are the
tissues demonstrating active resistance. The reactance,
in turn, is formed on the cell membranes of tissues with
high water content, which due to its structure acts as
a capacitor [42, 43]. A study performed in a group of
109 patients after gastrointestinal surgery showed that
the impedance is a good indicator of malnutrition [44].
Contraindications to this method include burns, haemo-
dialysis, low-flow shock, resuscitation, pacemaker, con-
duction disorders, endoprosthesis of conductive materi-
als, and pregnancy. Another problem with BIA is the lack
of measurement standardisation for different ethnic
groups and clinical situations [45]. Single frequency BIA
(SF-BIA) measures the impedance at 50 kHz and allows
determination of the total body water (TBW) and fat
free mass (FFM) using empirical regression equations.
This method is applicable in healthy humans. Multi-fre-
quency BIA (MF-BIA) measures the impedance using dif-

ferent frequencies, depending on the device. This meth-
od is more accurate in assessing the ECW than SF-BIA,
particularly in critically ill septic patients. The “illness
marker” (IM) is a measurement obtained using MF-BIA,
which serves as a functional marker of cell membranes,
as well as the mortality rate of ICU patients. A study in
a group of 85 patients requiring intensive care found
that the IM significantly correlated with APACHE scores.
The IM and APACHE were both significantly higher in
patients who died than in survivors [46].

The relationship between resistance and reactance
can be represented graphically as an impedance vec-
tor forming a phase angle (PA), which is considered
a global marker of tissue health. This is a good marker
of body cell mass and the integrity and function of cell
membranes. The PA is altered when cell membrane
permeability changes, even when the cell mass remains
the same. Many studies have shown that the phase
angle is a reliable prognostic marker in many clinical
situations, e.g. sepsis, HIV infection, lung and colorec-
tal cancers, patients requiring intensive care, patients
with chronic liver diseases, and after transplantation
[47, 48]. Other works observed that the PA correlates
with nutritional status in surgical patients and the el-
derly [49, 50]. Norman et al. observed that oncology
patients with phase angle below 5° had poorer nutri-
tional status and increased mortality [51]. Moreover,
Kyle et al. found a relationship between the low value
of phase angle and the length of treatment and sever-
ity of malnutrition in patients hospitalised for various
reasons [52]. Earlier studies found that the ICU pa-
tients with APACHE Il scores above 20 points and PA
> 4 had a better chance of survival compared to pa-
tients with PA < 3 [53]. Other authors found in a group
of 225 gastroenterology patients requiring surgery
a positive correlation between the phase angle, weight
loss > 10%, SGA, and NRS 2002 scales, the ratio of
extracellular to cellular mass (ECM/BCM), and the in-
cidence of postoperative complications [49]. A study
in a group of 52 patients with colorectal cancer found
that a PA less than or equal to 4.50 significantly cor-
related with shorter survival compared to patients with
higher PA (above 4.50) [54]. Peres et al. found that PA
positively correlated with SGA and OMR scales and
serum albumin levels, and negatively with age [55].
Although earlier studies confirmed the use of PA as
a prognostic marker in sepsis, in surgical patients, and
in those treated in the ICU, this index is not routinely
used in the ICU. At present, the number of studies in-
dicating a practical usefulness of the PA assessment
in critically ill patients as a marker of disease severity,
malnutrition, monitoring of nutritional therapy, or prog-
nostic marker is still insufficient [47, 51].
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The BIVA, i.e. bioelectrical impedance vector, is an-
other method, proposed by Piccoli (2002), of interpret-
ing the information obtained based on BIA. A two-di-
mensional impedance vector is determined using
resistance and reactance at 50 kHz, after normalisation
to the height of the patient. Individual measurements
can be compared to confidence intervals (elliptical
shape) determined for the healthy population. The vec-
tor shift over the ellipse is a semi-quantitative meth-
od of assessing body composition, while shortening
or lengthening of the vector suggests changes in body
hydration. The BIVA can be applied in patients treated
in the ICU, because abnormal states of hydration often
occur in this group of patients, i.e. oedema, ascites, de-
hydration [45].

In our own study, in a group of 51 septic patients
treated in the ICU, indicated that approximately 49%
of septic cases exceeded the 50" percentile. These pa-
tients were situated in the lower left quadrant, indicat-
ing their overhydration (Figure 2) [56].

Bioelectrical impedance spectroscopy (BIS) makes
use of 50 or more frequencies during the measurement.
Relationships between reactance and resistance at dif-
ferent frequencies are used to extrapolate from zero to
infinity. These values are applicable in calculating the
resistance for extracellular water (ECW) and intracel-
lular water (ICW). The volume of fluid spaces can be
calculated using those resistances based on empirical

equations. Similarly to the MF-BIA analysis, this method
can be used in patients with hydration disorders.

Body cell mass (BCM) is another marker of nutrition-
al status. It was shown that the low BCM level positively
correlated with reduced energy and protein supply in
the ICU patients (group of 33 patients). Moreover, the
reduction of BCM, in the study group of severely ill mal-
nourished patients reached as much as 40% compared
to healthy subjects [42]. The ratio of extracellular mass
(ECM) to BCM was closely correlated with the occur-
rence of bacterial infections in severely ill malnourished
patients with HIV [57].

Many studies have proven that the bioelectrical im-
pedance analysis, and in particular the results of the
raw physical data (i.e. impedance, resistance, reactance,
or phase angle) provide valuable information of prog-
nostic importance in critically ill patients [43]. The ICU
patients often have fluid balance disorders, including
the movement of fluids from the intra- to extravascular
space. Some researchers have demonstrated mitochon-
drial disorders in the cells of septic patients that can ac-
celerate their apoptosis. Raw physical data depict exact-
ly these changes: reactance results may be indicative of
cell condition, while the resistance of existing oedemas.
Recently, a study of 332 critically ill children with mul-
tiple organ failure, mechanically ventilated, highlighted
the use of resistance and reactance in clinical practice
and vector impedance analysis in the assessment of
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severity of the patient’s condition. This study showed
a significant increase in the value of reactance and re-
sistance in children who survived compared with chil-
dren who had died and showed a noticeable decrease
in these values [58].

Among other parameters important in assessing the
nutritional status of critically ill patients, increasing at-
tention is paid to sarcopenia, which is a very common
phenomenon among patients requiring intensive care.
In a recent study involving a group of 149 severely in-
jured ICU patients (> 65 years of age), sarcopenia was
detected in as many as 71% of subjects [59]. In this
study, low muscle mass, measured using CT, significant-
ly correlated with the time of ventilator connection, lon-
ger hospitalisation in the ICU, and higher mortality.

Selected biomarker analysis

Biochemical markers have been repeatedly used
for objective assessment of nutritional status [60].
However, it is known that they have no practical use
as independent markers [6]. Currently, their value in the
clinical assessment of nutritional status is limited. This
particularly pertains to proteins measured in serum (e.g.
albumin, prealbumin, transferrin) [61]. It should be not-
ed that in addition to the nutritional value of the diet,
there are many factors that modify the concentration
of serum proteins (e.g. stage of disease development,
liver disease, kidney disease, changes in hydration, high
catabolism, loss of proteins, infection, inflammation)
[62, 63]. The evaluation of known biomarkers: insu-
lin-like growth factor (IGF-1), citrulline and glutamine
or arginine is not routinely performed, particularly in
the wards such as ICU, although it is known that malnu-
trition is accompanied by a reduction in these parame-
ters. As malnutrition primarily lowers the cell-mediated
immunity, total lymphocyte count (TLC) in 1 mm? of pe-
ripheral blood is still the most common immunoassay
performed in the ICU. However, it should be noted that
in addition to nutritional status, the level of this indica-
tor is also affected by other factors, including current
disease (e.g. cancer), acute inflammation, infection, and
medications used. This test is entirely non-specific and
is merely a screening.

High mobility group box-1 protein (HMGB1), a pro-
tein secreted by cells of the immune system (e.g. mac-
rophages, monocytes, and dendritic cells), is among
the recently mentioned markers of the inflammatory
response to malnutrition. Lai et al. showed that high
concentrations of this protein positively correlated with
the severity of disease and mortality of ICU patients
with severe pneumonia. HMGB1 protein is an “alarmin”
released under the influence of LPS during infection.
This protein activates macrophages, which leads to the

release of pro-inflammatory cytokines and chemokines,
it regulates fibrinolysis, and in the intestines it enhanc-
es the production of nitric oxide and increased perme-
ability of the intestinal barrier [64].

Disorders of nutritional status affect most mediators
of the immune system, in particular by impairing the
cellular response and resistance to infection. Hypoal-
buminaemia, resulting from inflammation, disturbs the
metabolism of cytokines (including IL-6, IL-10, IL-1ra,
and sTNFRI). The consequence of impaired immunity is
increased susceptibility to infection and reduced abil-
ity of “adequate” response to trauma. An increase in
the concentration of proinflammatory cytokines (e.g.
IL-6) is observed in most patients treated in the ICU.
Interleukin-6 is one of the most important cytokines,
acting multidirectionally, secreted mainly by monocytes
and macrophages under the influence of IL-1 and other
pro-inflammatory cytokines. On the one hand, it strong-
ly induces inflammatory processes (major mediator of
the acute phase response) and stimulates the synthesis
of acute phase proteins (CRP, amyloid A, B-fibrinogen,
al-antitrypsin, haptoglobin, ceruloplasmin, complement
component C3 and a2-antitrypsin), while on the other
hand, it is involved in feedback inhibition of TNF pro-
duction. IL-6 is considered to be an early SIRS marker.
A study by Honda et al. on a group of 1076 critically
ill patients with renal failure (stage 4) found that high
levels of IL-6 were significantly more frequent in mal-
nourished patients (classified by the SGA scale). There
was also a positive correlation observed between the
level of this biomarker in serum and increased mortality
of these patients [65].

Interleukin-10 (IL-10) should be listed among other
biomarkers of inflammation, secreted during the acute
CARS response, which inhibit the production of proin-
flammatory cytokines, such as: interferon-y, IL-2, IL-3,
TNF-a, or granulocyte macrophage colony-stimulating
factor (GM-CSF). It is mainly produced by macrophages,
dendritic cells, B cells, and Treg cells. It has both im-
munosuppressive and immunostimulating properties
towards immune system cells. A study by Tseng et al.
conducted on a group of 56 patients with severe pneu-
monia and acute respiratory distress syndrome (ARDS),
treated in the ICU, recorded low levels of IL-10 on days
1 and 3 of the trial in patients who survived (n = 40),
and high level of this interleukin on day 3 in those pa-
tients who died (n = 16) [66]. Another study conducted
in a group of 34 patients with acute pancreatitis (AP)
demonstrated significantly higher levels of IL-10 and
IL-6 on days 1 an 3 of treatment in patients who also
had severe acute pancreatitis (n = 13), while the high-
est levels of both biomarkers were found in the patients
who died. The authors of the latter study observed that
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the determination of serum IL-6 and IL-10 had a high
prognostic value with respect to severe acute pancreati-
tis and death caused by this condition [67]. The above
immunological studies did not perform parallel eval-
uations of patient nutritional status, which should be
considered an error because of the potential influence
of malnutrition on the body’s inflammatory response.

Conclusions

In everyday clinical practice, despite significant
progress of knowledge concerning the causes, preva-
lence, diagnosis, consequences, and treatment of mal-
nutrition, little attention is paid to professional assess-
ment of nutritional status. Interpretation of the results
of nutritional status in critically ill septic patients poses
a specific problem. It is known that disorders of nutri-
tional status have a significant impact on the results
of treatment, and they should be carefully monitored
in the group of malnourished ICU patients with sep-
sis requiring nutrition. Interpretation of the results is
hampered by the high dynamics of changes in the nu-
tritional status in these patients, the healing process
variability in individual patients (wound healing, return
to natural nutrition and physical activity) and the “mis-
match” of methods assessing nutritional status in re-
lation to the clinical condition of the patient. There is
still no precise method that could become the “gold
standard” allowing early identification of malnutrition
in the group of patients requiring intensive care. The
diagnostic value of the traditional methods of assessing
nutritional status, i.e. anthropometric tests (including
measurements of weight or body loss, BMI, TSF, AMC,
handgrip dynamometry) and selected laboratory tests,
as markers of nutritional status disorders, is still debat-
able in this group of patients. Phase angle, BIVA, and
the “illness marker” obtained directly from the resis-
tance, reactance, and impedance can be used as prog-
nostic or nutritional indices in severely ill septic patients
when it is not possible to use the regression equations
for the assessment of body weight; however, the inten-
sity of research on this subject needs to be increased.
In-depth assessment of nutritional status should in-
clude analyses of selected inflammation markers.
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