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Abstract

Patients treated in intensive care units (ICUs) are at high risk of malnutrition and the resulting ho-
meostasis, metabolic, histological and immunological disorders, especially leading to organ failure and 
increased susceptibility to infection. In 163 patients with malnutrition [mild in 33 (19.6%), moderate in 
69 (42.9%), severe in 61 (37.4%)] treated in the ICU, changes in the concentration of selected proteins 
[interleukin (IL)-1Ra, tumor necrosis factor α (TNF-α), soluble tumour necrosis factor receptor-1 
(sTNFR1), IL-6, IL-10, sTLR4, MyD88, A20, HSP70, HMGB1] were examined. In the whole group 
of malnourished patients, median values of sTNFR1, TNF-α, IL-6, TLR4, IL-1Ra were significantly 
increased, while the levels of MyD88 and A20 proteins were significantly reduced (in comparison to 
the well-nourished healthy group). Only the sTNFR1 protein showed a significant difference between 
mild, moderate and severe malnutrition, and increased concentrations as the severity of malnutrition 
increased (the correlation study found that as the degree of malnutrition increased, the sTNFR1 con-
centrations increased; p = 0.0000, R = 0.5442). It was observed that death was significantly more 
frequent in the group of patients who on the first day of hospitalization in the ICU scored 5 or more 
points on the NRS 2002 scale (p = 0.0004). In the patients who died significantly higher concentrations 
of sTNFR1, IL-6, IL-10, HSP70 were observed in comparison to the patients who survived. The present 
results are encouraging and indicate the desirability of undertaking multicentre clinical trials including 
monitoring of sTNFR1 in assessing the severity of malnutrition and immune disorders in the first hours 
after admission to the ICU, because it can be assumed that without early diagnosis of innate immunity 
disorders any attempts at their modulation may be ineffective.
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Introduction

Despite the progress in intensive care, mortality among 
patients treated in the intensive care unit (ICU) is still very 
high and in severe infections with multiorgan failure may 
reach even from 17% [1] to 40% [2]. The main factors 
adversely affecting the prognosis include malnutrition and 
stress starvation for seriously ill patients. Nutritional disor-
ders in septic patients treated in ICUs may be due to star-
vation, malabsorption and digestion, impaired metabolism, 
associated infections and multi-organ failure. Intensive 

care malnutrition is a global problem and the frequency is 
78.1% in developing countries, and 50.8% in developed 
countries [3]. Another study found chronic malnutrition 
in 56% of patients, protein-energy malnutrition (PEM) in 
12%, while only 32% were well nourished [4]. The risk of 
malnutrition is even burdened with up to 100% of patients 
treated in the ICU [5]. It has been reported that malnutri-
tion can increase hospital mortality by up to five times [6]. 
A 28-day survival study found a 33% increase in death risk 
in malnourished patients treated in ICUs [3]. 
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Research to date indicates a lack of effective nutrition 
assessment tools in the ICU, which hinders early implemen-
tation and monitoring of nutritional treatment, and could re-
duce mortality [7]. Patients treated in ICUs, primarily septic 
patients or patients after major trauma or extensive surgery, 
are at high risk of malnutrition and the resulting homeostasis, 
metabolic, histological and immunological disorders lead-
ing to organ failure and increased susceptibility to infection  
[8-15]. Especially in this group of patients, careful and fre-
quent monitoring of the nutritional status is advisable, be-
cause with the length of hospitalization the risk of deterio-
ration of malnutrition, and thus also the general condition, 
increases [5]. In the light of these studies, it may be helpful to 
supplement the routine assessment of nutritional status with 
selected immunological tests, the results of which would cor-
relate with the degree of malnutrition. Extending the diag-
nosis of malnutrition by assessing immune disorders would 
allow selection of appropriate immunomodulatory nutrition.

Malnutrition intensifies both quantitative and qualitative 
disorders of cellular immunity. However, the mechanisms 
of the effect of malnutrition on the functioning of a non-spe-
cific immune response with significant prognostic signif-
icance in sepsis are not fully understood due to the small 
number of studies. The effect of inflammation on malnu-
trition is also unknown. In the research of Sauerwein et al. 
[16], it has been found that inflammation may play a key 
role in the pathogenesis of kwashiorkor malnutrition. The 
main trigger may be invasion by microorganisms, translo-
cation of bacterial products or other previously unidenti-
fied stimuli interacting with the environment in nutritional 
stress, which results in the inability to control the initiated 
inflammatory response [16]. In the past, it has been shown 
that malnutrition leads to impairment of: phagocytosis [17], 
the chemotactic capacity of neutrophils and monocytes, the 
complement system, especially the C3 protein responsible 
for opsonization [18], and the weakening of the function of 
antigen presenting cells [19]. On the other hand, sepsis may 
increase the apoptosis of immune cells (to a lesser extent 
neutrophils), which is another reason for increasing immu-
nity disorders [20]. Unfortunately, the authors of this work 
did not pay attention to the accompanying severe infection 
and worsening malnutrition, and did not attempt to correlate 
the degree of malnutrition with impaired innate immune re-
sponse. It is known that malnutrition increases the suscep-
tibility to infections, extends the hospitalization time and 
increases the risk of complications associated with metabol-
ic and immunological disorders as well as the costs of treat-
ment in the ICU [21, 22]. However, despite the fact that for 
many years [23, 24] attention has been paid to the influence 
of malnutrition on the immune system, sepsis and progno-
sis, there are still no precise recommendations regarding the 
monitoring of immune disorders resulting from malnutri-
tion, especially in critically ill patients treated in ICUs.

In the present understanding of sepsis, as a disease re-
sulting from a dysregulated immune response of a patient 

to infection [25], malnutrition is considered an aggravating 
factor hindering recovery, but no attempt has been made to 
assess the relationship between the degree of malnutrition 
and changes in immunity in patients with severe infections. 
This applies especially to the large group of patients hospi-
talized in the ICU and who have developed a chronic crit-
ical illness (CCI). The criteria for diagnosing CCI include: 
hospitalization for more than 8 days, recurrent infections, 
organ failure, malnutrition, weakness, cognitive decline, 
and often no recovery or long-term survival [26, 27]. It is 
known that in this group of patients, malnutrition should 
be treated as a disease and an independent risk factor for 
complications and mortality, which requires appropriate 
diagnostics and appropriate nutritional treatment [28]. An 
important factor aggravating malnutrition and immune dis-
orders is primarily the growing deficiency of immunolog-
ically active substances (mainly amino acids, fatty acids, 
antioxidants) often leading to the development of persistent 
inflammation and immunosuppression and catabolism syn-
drome (PICS). The PICS is a frequent consequence of the 
systemic inflammatory response syndrome (SIRS) and 
the compensatory anti-inflammatory response syndrome 
(CARS) [29]. PICS has been defined as chronic inflamma-
tion with manageable organ failure, ongoing protein catab-
olism and poor nutritional status leading to cachexia, poor-
er wound healing and immunosuppression of both innate 
and acquired immunity and with increased susceptibility 
to secondary infections. It usually occurs after a long stay 
in the ICU (> 14 days). Indirect markers of the PICS are 
increased concentration of CRP protein (above 150 μg/dl), 
decrease in concentration of retinol binding protein (below 
10 μg/dl) – indicative of chronic inflammation, decrease in 
lymphocyte count (below 800/μl) – which is a symptom of 
immunosuppression, and catabolism and severe malnutri-
tion greater than 10% weight loss during hospitalization 
or body mass index (BMI) below 18 kg/m2, reduction of 
albumin concentration below 3 mg/dl, and decrease of pre-
albumin concentration below 20 μg/dl. It is believed that 
PICS underlies CCI, and its understanding is necessary to 
clarify the overarching mechanism of immune discretion in 
severe infections. In the PICS, immature cells with suppres-
sor activity are derived from myeloid lineage (myeloid-de-
rived suppressor cells – MDSC). They appear as a result 
of so-called emergency myelopoiesis, which is an attempt 
to meet the increased demand for immunocompetent cells. 
However, MDSC cells have a negative effect on T lympho-
cyte function by depleting arginine and producing nitric ox-
ide. MDSC may also contribute to persistent inflammation 
and increased immunosuppression through the production 
of inflammatory mediators such as cytokines [e.g. tumor 
necrosis factor α (TNF-α), interleukin (IL)-10], nitric ox-
ide (NO) and reactive oxygen species. It has been shown 
that the MDSC population increases rapidly in patients with 
sepsis and remains elevated for several weeks, which trans-
lates into a critical condition of patients [26, 30]. Important-
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ly, patients who had the largest increase in MDSC had an 
early death, or hospitalization was prolonged due to lack of 
improvement. The rapid decline in MDSC was associated 
with early discharge from the ICU [26]. One of the hypoth-
eses of PICS treatment assumes that properly formulated 
nutritional therapy, enabling anabolic processes, assuming 
an adequate supply of arginine and other immunomodulato-
ry compounds, may contribute to allowing immune cells to 
mature and take on function [31]. It is known, however, that 
the supply of arginine, especially in septic conditions with 
severe SIRS reaction, is still not recommended in severely 
treated patients in the ICU (source of NO, relaxation of 
small vessels, possibility of worsening symptoms of septic 
shock), as it may increase mortality [7, 32]. 

The currently contradictory results of nutritional treat-
ment leading to the reduction of immunomodulatory nutri-
tion in the group of seriously ill patients treated in ICU are 
primarily associated with the “lack of matching” this type 
of nutrition to the metabolic possibilities of a given patient, 
the degree of malnutrition and nutrient demand as well as 
the current state of the immune response to malnutrition, 
injury, infection or treatment (usually no monitoring). Also 
differences in the supply of nitrogen, calories, time, route 
of administration and doses of immunomodulators make 
the results of large meta-analyses difficult to compare. The 
lack of precise methods/markers enabling monitoring of 
nutritional status and immunological activity is another 
factor hindering the “adjustment of nutrition” to the con-
dition of patients and means that nutritional treatment may 
be ineffective and burdened with complications increasing 
mortality in the ICU. Currently, according to ESPEN rec-
ommendations, it is assumed that within 48 hours after the 
diagnosis of sepsis, in hemodynamically stable patients, 
enteral feeding should be started, caloric intake should be 
reduced, e.g. to 500 kcal/day, and increased as nutrition is 
tolerated; it is suggested to avoid mixtures enriched with 
immunomodulating components [33]. In the randomized 
TICACOS study, it was found that providing patients with 
the right number of calories in relation to their energy ex-
penditure significantly reduced their mortality [34]. 

Based on the assumption that significant causes of high 
mortality in critically ill patients are not only immune disor-
ders, but above all deepening malnutrition, the present study 
attempts to establish the relationship between the degree of 
malnutrition and changes in selected parameters of the in-
nate immune response. An attempt was also made to estab-
lish immunological indicators differentiating the degree of 
malnutrition with a parallel assessment of the effect of nutri-
tional status on prognosis (mortality) in critically ill patients.

Material and methods 

Patients and healthy donors 
A total of 163 patients admitted to the ICUs I and II of 

the Department of Anaesthesiology and Intensive Therapy, 

Medical University of Warsaw (average age 57 ±18 years; 
116 M/47 F) in the years 2014-2018 were qualified for 
the study. 

The study included a group of critically ill patients, 
in which 37 (23%) patients had multiorgan failure, and 
86 (53%) patients required mechanical ventilation. In 
this group, 75 (46%) had severe infections, including  
51 (31%) with sepsis and 24 (15%) with septic shock. 
The remaining 88 (54%) patients were people without 
concomitant severe infections. There were 50 (30.7%) 
deaths, including 42 (84%) in patients with moderate or 
severe malnutrition. In 22 cases death in the course of 
severe infection was observed, and in 28 cases death was 
observed in the group of patients who were not diagnosed 
with severe infection. The most common cause of death 
in this group was sudden cardiac arrest or trauma after 
traffic accidents. Severity and risk of death were assessed 
on the APACHE II scale (median for the whole group was  
26 points, range 5-51 points). The severity of infection 
was diagnosed according to the ACCP/SCCM criteria 
(American College of Chest Physicians/Society of Criti-
cal Care Medicine) and European Intensive Care Society  
[25, 33, 35, 36]. The diagnosis of severe infections was 
based on clinical criteria with an additional of suspected 
or confirmed infection in the case of sepsis, and the addi-
tion of organ disfunction in the case of septic shock [25]. 
The nutrition status and nutritional requirements were as-
sessed using the NRS 2002 scale (Nutrition Risk Screen-
ing 2002) [37]. This scale has a maximum of 3 points 
(range: 0-3 points) in the screening of impaired nutritional 
status; there are also 3 points for increase in requirements 
caused by severe disease (range 0-3 points), and there is 
an extra point for age ≥ 70 years. According to the NRS 
2002 scale the malnourished patients were divided into 
3 groups (1-2 points on the NRS 2002 scale – mild mal-
nutrition, 3-4 points – moderate malnutrition, 5-7 points 
– severe malnutrition). During the ICU stay, routine lab-
oratory and bacteriological tests were performed and the 
whole group was monitored for the course of the disease 
and mortality over 28 days. 

Patients older than 80 years of age, after chemo- and 
radiation therapy, with diabetes, chronic liver and kidney 
diseases, after transplantation, immunosuppressive treat-
ment and those receiving chronic steroids or non-steroidal 
anti-inflammatory drugs were not eligible for the study.

The control group consisted of 48 healthy volunteers of 
similar age and sex, from whom peripheral blood (plasma) 
was collected for immunological tests. According to the 
NRS 2002 scale, the nutritional status of the control group 
did not deviate from the norm. 

The research was approved by the Bioethics Commit-
tee of the Medical University of Warsaw (KB/149/2008). 
All patients gave permission to perform tests and describe 
their medical history. All procedures were in line with the 
Helsinki Declaration.
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Determination of protein concentrations

Peripheral blood for immunological testing was col-
lected on the first day after admission to the ICU. For test-
ing the concentration of selected proteins [TNF-α, soluble 
tumour necrosis factor receptor-1 (sTNFR1), IL-1Ra, IL-6, 
IL-10, sTLR4, MyD88, A20, HSP70, HMGB1] commer-
cial sets for their quantitative enzyme-linked immunosor-
bent assay (ELISA) method were used in peripheral blood 
plasma (R&D Systems: TNF-α, sTNFR1, IL-1Ra, IL-6, 
IL-10, HSP70, HMGB1; EIAab: sTLR4, Myd88, A20) 
following the manufacturer’s instructions. Plasma was ob-
tained from venous blood collected on heparin. The blood 
sample was centrifuged (2000 rpm for 30 min), plasma 
was isolated, which was then frozen/stored at –80oC for 
later use. The lower limit of test sensitivity was 0.5 pg/ml 
for TNF-α, 0.70 pg/ml for IL-6, 3.9 pg/ml for IL-10, and 
2.2 pg/ml for IL-1Ra; sTNFR1 0.43 pg/ml, for sTLR4 
0.625 pg/ml, for MyD88 0.156 pg/ml, for A20 0.312 pg/ml, 
for HSP70 6.79 ng/ml, for HMGB1 18.75 pg/ml. The  
ELISA reading was made using a DIALAB ELX 808 spec-
trophotometer and Gen51.10 software at a wavelength of 
λ = 450 nm. The concentration of the tested proteins was 
evaluated by comparing the obtained absorbance values 
with a standard curve prepared by determining the absor-
bance of samples of known concentration. The results are 
presented as median concentrations in pg/ml.

Statistical analysis 

Statistica 13.1 was used for statistical study. Mann- 
Whitney U test was used to compare the immunological pa-
rameters determined in the study group (with malnutrition) 
and control (with normal nutritional status), compare indi-
vidual subgroups (with varying degrees of malnutrition), 
and compare the group in which death or survival occurred. 
The Kruskal-Wallis ANOVA test was used to compare the 
differences in protein concentrations between individual 

subgroups with different levels of malnutrition and the 
control group. A median test was used to compare differ-
ences in the level of malnutrition between the groups of 
patients who died or survived. The correlation between the 
concentration of determined proteins and the APACHE II 
scale and the NRS 2002 scale was tested by the Spearman 
rho test. P values of < 0.05 were considered to be statisti-
cally significant.

Results 
Malnutrition of varying severity was found in the 

whole group of patients studied, including mild in  
33 cases (19.6%), moderate in 69 cases (42.9%) and severe 
in 61 cases (37.4%). In the whole group of malnourished 
patients, median values of sTNFR1, TNF-α, IL-6, TLR4, 
IL-1Ra were significantly increased, while the levels of 
MyD88 and A20 proteins were significantly decreased (in 
the comparison to the healthy donor group, with normal 
nutritional status). There were no significant differences in 
the median levels of IL-10, HSP70 and HMGB1 proteins 
(p > 0.05) between those groups. The values of median 
concentrations for the whole group of malnourished pa-
tients and people with normal nutritional status (control 
group) are presented in Table 1.

Depending on the degree of malnutrition in the sub-
groups of patients with mild, moderate and severe malnu-
trition, significant differences were found in the concentra-
tions of selected proteins compared to normal nutritional 
status. In the study of the significance of differences be-
tween sTNFR1 protein values in the next 3 subgroups 
with malnutrition (mild, moderate, severe) and the group 
with normal nutritional status, significant differences were 
found in each of the subgroups; also a significant increase 
in medians was found in the patient subgroup concentra-
tions, which achieved the highest values in patients with 
severe malnutrition. Median concentrations of tested pro-

Table 1. Median values (pg/ml) of immunological parameters in the studied group of malnourished patients and  
in the control group with normal nutritional status 

Nutritional
status

Immunological parameters (pg/ml)

sTNFR1 IL-6 sTLR4 TNF-α MyD88 A20 IL-1Ra IL-10 HSP70 HMGB1

Malnourished 
group
(researched 
group)
n = 163

8992.60 
range: 
21.31-

47921.30

47.91 
range: 
0.04-

960.49

0.47 
range: 
0.45-
1.10

25.41 
range: 
1.99-

491.85

0.00 
range: 
0.00-

14712.00

1.35 
range: 
0.14-
20.98

616.57 
range: 

104.48-
4200.00

0 
range: 
0.00-

918.69

0.10 
range: 
0.00-
11.81

0.00 
range: 
0.00-
3.65

Correct nutrition 
(control group)
n = 48

200.32 
range: 
27.11-

4864.50

1.50
range: 
0.00-

613.05

0.46 
range: 
0.45-
0.55

13.29 
range: 
0.36-

321.96

476.00
range: 
0.00-

19168.00

5.20 
range: 
0.06-
20.50

387.42 
range: 
9.74-

2665.70

0 
range: 
0.00-
21.77

0.22 
range: 
0.00-
2.68

0.00 
range: 
0.00-
3.88

U Mann-Whitney 
test 

p = 0.0000 p = 0.0000 p = 0.0000 p = 0.0000 p = 0.0000 p = 0.0007 p = 0.0117 p > 0.05 p > 0.05 p > 0.05
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teins for individual subgroups of patients differing in the 
degree of malnutrition and comparison with the control 
group are shown in Table 2. 

In the group of patients with moderate malnutrition 
(compared to those with mild and severe malnutrition) 
the median values of IL-6, sTLR4, A20, and HSP70 were 
the highest. In the study of the significance of differences 
between sTNFR1 protein values in the 3 subgroups with 
malnutrition (mild, moderate, severe) and the group with 
normal nutritional status, significant differences were 
found in each of the subgroups. However, no differences 
were found between individual subgroups with varying de-
grees of malnutrition. In the study of median sTLR4 pro-
tein concentrations in the studied subgroups, values were 
not found to differ significantly. Compared to the control 
group, significant differences were found only for the mild 
and moderate malnutrition subgroups. In the case of pro-
tein A20 compared to the control group (normal nutritional 
status), significant differences were found only for sub-
groups with medium and severe malnutrition. There were 
also significant differences between moderate and severe 
malnutrition (p = 0.0024), as well as for the subgroup with 
severe malnutrition compared to the group with mild and 
moderate malnutrition (p = 0.0042). 

In the TNF-α, IL-1Ra protein studies, the highest medi-
an concentration values were found in the group of patients 

with severe malnutrition, but the increase in concentration 
with the degree of malnutrition was not a linear function, 
because the lowest values of these proteins were recorded 
in the subgroup with moderate malnutrition. In the case of 
TNF-α, differences between individual subgroups and nor-
mal nutritional status were significant, but no differences 
were observed between severe, moderate and mild malnu-
trition (Table 2). At IL-1Ra levels, only the severe malnu-
trition subgroup showed significant differences from the 
control group. In the case of the MyD88 protein, the highest 
median values were observed in the sub-group with mild 
malnutrition, and the lowest in the sub-group with moder-
ate malnutrition. Comparison of differences for each of the 
subgroups with the control group was significant. There 
were no significant differences between the subgroups with 
severe and moderate and mild malnutrition. 

In the Kruskal-Wallis analysis regarding the distribu-
tion of protein concentrations in all compared groups, in-
creased levels of sTNFR1 (p = 0.0000) were found (Fig. 1) 
together with the severity of malnutrition. For other pro-
teins – TNF-α, IL-1Ra, IL-6, IL-10, sTLR4, MyD88, A20, 
HSP70, HMGB1 – no significant differences were found.

In studies on the correlation of malnutrition with the 
concentrations of examined proteins in patients treated 
in ICUs, it was found that as the degree of malnutrition 
increased, the levels of sTNFR1 increased (p = 0.0000, 

Table 2. Median concentrations of tested proteins for individual subgroups of patients differing in the degree of malnu-
trition and comparison with the control group

Nutritional
status

Immunological parameters (pg/ml)

sTNFR1 IL-6 sTLR4 TNF-α MyD88 A20 IL-1Ra IL-10 HSP70 HMGB1

Mild 
malnutrition

705.46 
range: 
21.31-

23278.90

39.28
range:
1.42-

647.03

0.46
range:
0.46-
0.53

25.50 
range:
8.33-

194.98

0.00
range:
0.00-

14712.00

1.85
range:
0.23-
15.72

708.82
range:

399.07-
3074.65

0.00
range:
0.00-

27.888

0.03
range:
0.00-
1.34

0.00 
range:
0.00-
3.65

Mild 
malnutrition 
vs. control 
group

p = 0.0238 p = 0.0001 p = 0.0305 p = 0.0009 p = 0.0080 p > 0.05 p > 0.05 p > 0.05 p > 0.05 p > 0.05

Moderate 
malnutrition

1430.20
range: 

161.91-
45572.80

48.95
range:
0.03-

851.93

0.47
range: 
0.45-
0.55

21.84
range:
2.00-

491.85 

0.00
range:
0.00-

7520.00 

2.49
range:
0.14-
20.98 

575.80
range:

146.69-
4145.01

0.00
range:
0.00-

918.69

0.11
range:
0.00-
11.81

0.00 
range: 
0.00-
0.97 

Moderate 
malnutrition 
vs. control 
group

p = 0.0000 p = 0.000 p = 0.0001 p = 0.0000 p = 0.0009 p = 0.0401 p > 0.05 p > 0.05 p > 0.05 p > 0.05

Severe 
malnutrition 

18999.70
range: 

283.67-
47921.30

48.03
range:
2.38-

960.49

0.46
range:
0.45-
1.10

27.18
range: 
2.62-

252.08

0.00
range: 
0.00-

13536.00

0.63
range:
0.06-
20.50

925.00
range:
 9.74-

3074.65

0.00
range:
0.00-
27.88

0.08
range:
 0.00-
2.84

0.00
range: 
0.00-
0.00

Severe 
malnutrition 
vs. control 
group

p = 0.0000 p = 0.000 p = 0.0073 p = 0.0000 p = 0.0000 p = 0.0001 p = 0.0205 p > 0.05 p > 0.05 p > 0.05
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R = 0.5442) (Fig. 2), and the concentration of A20  
(p = 0.0313, R = –0.3112) decreased. For TNF-α, IL-1Ra, 
IL-6, IL-10, MyD88, HSP70, HMGB1, sTLR4 proteins, 
no correlation was found between nutritional status and 
their concentrations.

In the subgroup of patients where malnutrition was 
a co-morbid disease with a severe infection, a significant 
correlation was found between the nutritional status and 
the concentration of tested proteins only in the case of the 
sTNFR1 protein (p = 0.0018, R = 0.3914) (the more severe 
the malnutrition, the higher the sTNFR1 concentration). 
In the subgroup of malnourished patients without infec-
tions, a significant correlation between nutritional status 
and protein concentration was also found only for sTNFR1  
(p = 0.0003, R = 0.4124) (the more severe the malnutrition, 
the higher the sTNFR1 concentration).

A correlation was noted between the malnutrition sta-
tus (NRS 2002) and the APACHE II severity score scale 
(p = 0.0000, R = 0.3382). In the group of deaths, 8 (16%) 
cases with mild, 18 (36%) with moderate and 24 (48%) 
with severe malnutrition were reported. In the group of 
survivors there were 25 (22%) with mild, 51 (45%) with 
moderate and 37 (33%) with severe malnutrition. Death 
was significantly more frequent in the group of patients 
who received 5 or more points on the NRS 2002 scale (se-
vere malnutrition) on the first day of hospitalization in the 
ICU (p = 0.0004) (Fig. 3). 

In order to assess the prognostic value of the nutrition/
malnutrition study, protein concentrations were com-
pared between patients who survived or died during ICU 
treatment. Patients who died with predominantly severe 

malnutrition had significantly higher levels (medians in  
pg/ml) of the following proteins: sTNFR1 (25665.65, 
range: 9651.30-47921.30, p = 0.0039), IL-6 (53.76, range: 
8.40-960.49, p = 0.0016), IL-10 (7.50, range: 0.00-339.41, 
p = 0.0217), HSP70 (0.25, range: 0.00-11.81, p = 0.0165) 
compared to survivors: sTNFR1 (10353.00, range: 21.31-
45572.80), IL-6 (46.61, range: 0.04-619.75), IL-10 (0.00, 
range: 0.00-918.69), HSP70 (0.08, range: 0.00-2.13).  
In the TNF-α, MyD88, A20, IL-1Ra, sTLR4, and HMGB1 
studies, no significant differences in protein concentrations 
were observed between the group of patients who died and 
the group of patients who survived (p > 0.05).

Discussion
 The significant heterogeneity of the studied group of 

patients treated in ICUs and insufficient knowledge of the 

Fig. 1. Concentration of sTNFR1 protein depending on the 
degree of malnutrition
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effect of nutritional status on immunity and the course of 
the disease are a common problem that makes it difficult 
to assess the effectiveness of new methods of diagnosis 
and treatment. Seriously ill patients treated in ICUs differ 
significantly in terms of the underlying disease, the level 
of malnutrition, the severity of immunity and metabolic 
disorders, the course of the disease, and the response to 
the implemented treatment, including nutrition. Although 
malnutrition is found in up to 100% of patients treated in 
ICUs and should be treated as a disease requiring treat-
ment, professional and in-depth nutrition assessment is still 
not widely practiced. In critically ill patients, malnutrition 
may significantly affect the functioning of the immune 
system and directly affect the effectiveness of treatment 
and prognosis. In our study the statistical analysis of the 
test results confirmed the adverse effect of malnutrition, 
especially severe malnutrition (over 5 points on the NRS 
2002 scale) on the severity of the condition of the patients 
and high mortality. Similar results (5.5 points) correlat-
ing with mortality were obtained in the study of Kosałka 
et al. [38]. Adverse effects of malnutrition are also con-
firmed by significant correlations of nutritional status with 
the APACHE II scale. It is known that in patients with 
normal nutritional status, metabolic response to stress and 
oxidative cell damage are less severe, and the immune 
system retains greater ability to modulate/autoregulate to 
maintain homeostasis. In critically ill patients, this is ex-
tremely important due to the simultaneous intensification 
of the dynamics of the pro and anti-inflammatory response. 
One of the reasons for the lack of unequivocal successes 
(reduction of mortality) in conducting causal treatment of 
severe infections, as well as nutritional treatment, includ-
ing immunonutrition, is the lack of effective biomarkers 
of malnutrition reflecting the current state of the immune 
system. Administering nutritional mixtures at the wrong 
time or composition may result in increased SIRS-type 
responses or increased immunosuppression and mortality 
[39]. It seems that only the early detection of malnutrition 
and the accompanying changes in immunity (anticipating 
irreversible metabolic, immunological and organ damage) 
and monitoring of malnutrition and selected resistance pa-
rameters can result in the proper selection of nutritional 
treatment, and by improving (controlling) the state of nu-
trition, affect the decrease mortality.

The results of the present study clearly show sig-
nificant differences in the concentration of the majority 
of proteins tested in the peripheral blood, depending on 
the degree of malnutrition. These differences translate 
into the course of the immune response. Various mark-
ers have been used in the laboratory routine assessment 
of nutritional status so far [40], such as albumin, prealbu-
min, transferrin, total lymphocyte count, and acute phase 
protein (C-reactive protein – CRP). However, due to the 
very dynamic course of the disease in critically ill patients 
treated in ICUs, these markers are still of limited use in 

the diagnosis of malnutrition due to the long half-life and 
relatively late changes in blood levels since the activation 
of the immune system.

As demonstrated by our own research, malnutrition 
and dysregulated immune response assessed on the basis 
of changes in the concentration of selected cytokines and 
TLR4 signalling proteins may be an important diagnostic 
indicator in patients treated in ICUs. Earlier detection of 
nutrition disorders and the resulting changes in the quali-
ty of the immune response to patients’ severe conditions 
(trauma [29], burns [41], cancers [42-44]) may result in 
better “targeted” therapy selection (including selection of 
the type and dose of nutritional mixtures), treatment re-
sults and mortality. The methods of assessing nutritional 
status used so far (e.g. NRS 2002, SGA, MUST screening 
scales), also used in seriously ill patients, are still not very 
effective in early detection of malnutrition and have an 
insufficient effect on improving treatment results [38, 40]. 
This results, among other causes, from the high dynam-
ics of changes in the nutritional status of these patients, 
variability of the healing process in individual patients and 
“mismatches” of methods of assessing nutritional status in 
relation to the clinical condition of the patient.

The results of the conducted research indicate an in-
creased concentration of pro-inflammatory proteins, e.g. 
IL-6, TNF-α, with simultaneous increase of anti-inflam-
matory cytokines, e.g. IL-1Ra, in malnourished patients. 
It is known that malnutrition can potentiate these oppos-
ing processes, ultimately leading to immunosuppression. 
Malnutrition has been shown to affect hemopoiesis, and 
the production and function of immune cells. LPS-induced 
sepsis showed a reduction in the release of leukocytes from 
the bone marrow, as well as their impaired maturation [45]. 
Santos et al. [15] evaluated the effect of malnutrition on the 
biological and immunomodulatory functions of mesenchy-
mal marrow cells (MSCs). MSCs have immunomodulatory 
properties through the production and secretion of soluble 
factors such as cytokines, chemokines, growth factors and 
through direct contact with other cells. MSCs have both 
pro-inflammatory and anti-inflammatory effects and are in-
volved in the regulation of the immune response as well as 
in tissue repair and regeneration. Studies have shown that 
protein malnutrition modifies the immunosuppressive prop-
erties of mesenchymal cells, including by reducing NF-κB 
expression, and TNF-α production, and increasing IL-10 
expression in macrophages and reducing IL-10 expression 
in lymphocytes [46]. An increase in IL-6 concentration 
was found in the malnourished group. In the study, after 
cell exposure to lipopolysaccharides (LPS), a decrease in 
macrophage and lymphocyte proliferation, physiologically 
induced by MSC, was also observed. However, under mal-
nutrition, the proliferation of immune cells has been limit-
ed, including due to increased IL-6 levels [15, 47].

To date, IL-6, as one of the few immunological pa-
rameters, is used to assess nutritional status (malnutrition 



Central European Journal of Immunology 2021; 46(1)

The relationship between the degree of malnutrition and changes in selected parameters of the immune response in critically ill patients  

89

detection) [48]. An increase in proinflammatory cytokines 
(e.g. IL-6) is seen in most patients treated in ICUs. The 
predictive value of this cytokine in the assessment of mal-
nutrition and mortality was confirmed in cardiovascular 
diseases [49, 50], diseases requiring chronic haemodialysis 
[51], end-stage renal failure [49], and lung cancer [52]. 
Based on the present research results, the use of IL-6 as 
a marker of malnutrition with prognostic significance in 
the ICU may raise doubts. As a result of our previous re-
search, it was found that the concentration of IL-6 in pa-
tients who died as a result of infection was significantly 
lower than in patients who survived [53]. However, in the 
case of patients who died from other causes, IL-6 levels 
were higher than in the case of survivors. It follows that 
in severe infections, IL-6 is affected by many opposing 
factors. Based on the study, the disadvantages of IL-6 as 
a marker of ICU malnutrition also include the inability to 
differentiate between different levels of malnutrition, as 
well as the lack of correlation between the concentration 
of this cytokine and the increasing degree of malnutrition. 
The extension of routine diagnostics of nutritional status 
by more accurate assessment of the inflammatory response 
based on the levels of proinflammatory and anti-inflam-
matory cytokines (IL-6, IL-10, IL-1Ra or sTNFR1) gives 
some hope for improved treatment results [54, 55]. 

It should be emphasized that sTNFR1 protein had 
the highest diagnostic and prognostic effectiveness in the 
conducted studies. The use of this protein as a biomarker 
can have several advantages. In addition to the diagnosis 
of malnutrition, assessing the concentration of sTNFR1 
protein allows one to differentiate the degree of malnu-
trition (as the degree of malnutrition worsens, the risk of 
death increases). In the group of examined proteins, only 
in the case of sTNFR1 protein was an increasing tendency 
observed (like a linear relationship) between the deteri-
oration of the degree of malnutrition and the increase in 
the concentration of protein, which was confirmed by the 
finding of a strong correlation (p = 0.0000, R = 0.5442). 
As demonstrated in our previous studies, sTNFR1 is an 
effective marker of severe infections and enables early 
differential diagnosis with other causes of the severe con-
dition of patients treated in the ICU [53]. Also when the 
reason for hospitalization in the ICU is other than severe 
infections (injuries, heart failure, respiratory failure, kid-
neys), sTNFR1 protein has a strong correlation with the 
state of nutrition (p = 0.0003, R = 0.4124) (the more severe 
the malnutrition, the greater the sTNFR1 concentration). 
The sTNFR1 concentration was significantly higher in the 
group of patients who died. The prognostic value of the 
sTNFR1 protein is also confirmed by our previous studies, 
in which the ROC analysis for the sTNFR1 protein (AUC 
= 0.711 (0.91, 0.48)) determined a cut-off point of 16367.6 
pg/ml, which corresponds to the values measured in severe 
malnutrition [53]. In the research of Sauerwein et al. [16], 
using immune mediators to assess protein-energy malnu-

trition in Kenyan children, increased levels of sTNFR1, 
IL-6 and CRP were found. There was also no difference in 
the concentration of soluble IL-6 and IL-1Ra in the group 
of malnourished and healthy children. Increasing sTNFR1 
levels in energy protein malnutrition was also found in our 
study. The opposite results for IL-6 and IL-Ra are like-
ly due to the different aetiologies of malnutrition. In the 
research of Sauerwein et al. [16], malnutrition was due 
to nutritional deficiencies, while in the group we studied, 
malnutrition was the result of stress and illness as well as 
severe infection. A similar explanation applies to discrep-
ancies with research results of Oliveira et al. [56], where 
in the study of malnourished mice there was a decrease 
in sTNFR1 protein expression in macrophages. The study 
involved inducing protein malnutrition. After a 20% de-
crease in body weight, peritoneal macrophages were col-
lected, and macrophages were observed from in vitro and 
malnourished mice in vitro, with or without TNF-α. De-
creased expression of sTNFR1 and its signalling pathway 
proteins, as well as a decrease in expression and a decrease 
in phosphorylation (activation) of NF-κB, and a decrease 
in the concentration of effectors (IL-1β, IL-12) were ob-
served. Malnutrition has been found to interfere with mac-
rophage activation and the ability of these cells to react in 
the innate immune response [56]. Increased sTNFR1 levels 
have been reported for severe infections and injuries [29, 
53]. It was noted that the cells of the immune system retain 
the ability to produce high concentrations of sTNFR1, de-
spite the severe condition of the patients and malnutrition. 
Perhaps this is part of the advanced CARS (5th degree) 
anti-inflammatory compensatory reaction [57], aimed at 
achieving homeostasis, but at the same time increasing 
the risk of multiorgan failure and death. Such significant 
amounts of protein produced are one of the reasons for the 
rapidly growing and difficult to compensate malnutrition.

In conclusion, the results of the study show that nu-
tritional disorders can be an independent factor affecting 
clinical results and should be diagnosed and monitored as 
early as possible, as well as included in therapy (overriding 
need for compensation of protein deficiency [58, 59], fol-
lowed by energy, and substances necessary for leukocyte 
function). It seems that only early detection of malnutrition 
and accompanying changes in immunity (anticipating irre-
versible metabolic, immunological and organ damage) and 
monitoring of malnutrition and selected resistance parame-
ters can result in proper selection of nutritional treatment. 
The use of the sTNFR1 marker protein is promising and 
responds to the need for more effective indicators that can 
not only be used to assess the severity of malnutrition and 
immune disorders in the first hours after admission to the 
ICU, but also have significant prognostic value (risk of 
death). It should be presumed that without an early diag-
nosis of innate immunity disorders, attempts to modulate 
them may not be effective in most cases of critically ill 
patients treated in the ICU, because the concentration of 
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these proteins varies depending on the severity of the pa-
tient’s condition and the nutritional status. 
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