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Abstract

Introduction. Catabolic syndrome is typical for most critical 
illness situations. A long progressive course of hypercatabolism 
is considered by a number of authors as a prognostic criterion 
for negative clinical outcome of the disease. Objective. 
Evaluation of the prognostic value of some indicators of 
the severity of catabolic syndrome in ICU patients with 
COVID-19. Materials and methods. A prospective cohort 
study was conducted in 55 patients of the intensive care unit 
in the period from May 2020 to March 2021. The severity 
of hypercatabolism was determined by the dynamics of 
serum albumin and daily urinary nitrogen excretion within 
14 days from admission to the ICU. Comparative analysis 
of nonparametric quantitative data was carried out using 
the Mann–Whitney test. To determine the predictive value of 
the diagnostic test, we plotted using the curves of operating 
characteristics (ROC, Receiver Operating Characteristics) 
with the subsequent determination of the sensitivity and 
specificity at the separation point. Results. ROC analysis 
revealed moderate sensitivity (75.9 %) and low specificity 
(58.1 %) of the daily urinary nitrogen excretion during the first 
14 days of treatment in the ICU in patients with severe SARS-
CoV-2. It was also shown that the dynamics of serum albumin 
has a low predictive value for negative clinical outcome. 
It should be noted that in the group of survived patients 
a significant increase in daily urinary nitrogen excretion was 
observed on days 4–7 (p = 0.022) and 8–14 (p = 0.01) 
of intensive therapy. Conclusion. Nitrogen urinary 
excretion is a more accurate prognostic marker of poor 
clinical outcome than serum albumin in ICU patients with 
severe COVID-19. The main feature of the catabolic 
syndrome in patients with positive clinical outcome is a 
progressive increase in the rate of urinary nitrogen excretion 
from 4 to 14 days after admission to ICU.

Прогностическая ценность 
альбумина сыворотки крови 
и экскреции азота с мочой 
у пациентов отделения 
реанимации и интенсивной 
терапии с новой коронавирусной 
инфекцией (COVID-19): 
одноцентровое проспективное 
когортное исследование

И.Н. Лейдерман , Н.А. Лестева , 
 И.Ю. Кашерининов , А.С. Кузьмин , 
П.С. Ахимов , С.А. Баринова , Н.З. Каншаов , 
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ФГБУ «Национальный медицинский исследовательский центр 
им. В.А. Алмазова» Минздрава России, Санкт-Петербург, 
Россия

Реферат

Актуальность. Катаболический синдром характерен 
для большей части критических состояний. Длительное 
прогрессирующее течение гиперкатаболизма рассма-
тривается рядом авторов как прогностический критерий 
неблагоприятного клинического исхода основного забо-
левания. Цель исследования. Оценка прогностической 
значимости некоторых показателей тяжести катаболи-
ческого синдрома у  пациентов отделений реанимации 
и интенсивной терапии (ОРИТ) с новой коронавирусной 
инфекцией (НКИ) COronaVIrus Disease 2019 (COVID-19). 
Материалы  и  методы. Проспективное одноцентровое 
когортное исследование было проведено у 55 пациентов 
ОРИТ в  период с  мая 2020  г. по март 2021  г. Выражен-
ность течения синдрома гиперкатаболизма оценивали 
по динамике альбумина сыворотки крови и  показателя 
суточной экскреции азота с мочой в течение 14 суток от 
момента поступления в  ОРИТ. Сравнительный анализ 
непараметрических количественных признаков прово-
дился с  помощью критерия Манна—Уитни. Для опре-
деления прогностического значения диагностического 
теста строились кривые операционных характеристик 
с последующим определением чувствительности и спец-
ифичности в  точке разделения. Результаты. Receiver 
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Operating Characteristics (ROC) анализ выявил умеренную 
чувствительность (75,9) и  низкую специфичность (58,1) 
показателя суточной экскреции азота с мочой в качестве 
предиктора неблагоприятного исхода в  течение первых 
14 суток лечения в ОРИТ у пациентов с тяжелым течени-
ем НКИ. Также было показано, что динамика альбуми-
на сыворотки крови обладает низкой прогностической 
ценностью по отношению к развитию неблагоприятного 
клинического исхода. Следует отметить, что у выживших 
пациентов наблюдали достоверное увеличение суточной 
экскреции азота мочи на 4–7-е и 8–14-е сутки госпитали-
зации. Заключение. Экскреция азота с  мочой является 
более точным прогностическим маркером неблагоприят-
ного исхода, чем альбумин сыворотки крови у пациентов 
ОРИТ с тяжелым течением НКИ. Основной особенностью 
течения катаболического синдрома у пациентов с благо-
приятным исходом заболевания является прогрессиру-
ющее увеличение показателя экскреции азота с  мочой 
с 4-х по 14-е сутки.

Ключевые слова: критические состояния, SARS-CoV-2, 
катаболизм, азотистый баланс
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Introduction

In  December  2019, an  outbreak of pneumonia of 
unknown etiology occurred in Wuhan, Hubei Province, 
China, affecting more than 60  people by the 20th of 
the same month. On December 31, the Wuhan Municipal 
Health Committee informed the World Health Organiza-
tion that 27 people have been diagnosed with pneumo-
nia of unknown cause, with 7 of them were critically ill. 
Severe acute respiratory syndrome-related to coronavi-
rus  2 (SARS-CoV-2) causes a  pathological process that 
may be  asymptomatic or  mild to  the  upper respiratory 
tract, while in the most severe cases, respiratory distress 

syndrome, multiple organ dysfunction and septic shock 
develop [12].

A critical illness of different etiology is usually associ-
ated with hypermetabolism and severe catabolism. One of 
the  most common methods for  assessing the  severity of 
the  catabolic syndrome is to  determine the  nitrogen bal-
ance [3].The concept of the so-called “nitrogen balance” is 
that the difference between nitrogen intake and loss reflects 
the increase or loss of total protein in the human body. A ni-
trogen balance ranging from — 4 or –5 g/day to + 4 or + 5 g/
day is usually considered “nitrogen equilibrium”. From 
a practical point of view, the determination of the nitrogen 
balance has its limitations. The most popular method for as-
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sessing nitrogen balance used in  clinical practice assumes 
that the total nitrogen loss is equal to the urinary excretion 
of urea nitrogen and an additional permanent loss of anoth-
er 4 g/day [4, 5]. A constant ratio of 4 g/day means that 2 g 
of nitrogen is accounted for by non-urea nitrogen in urine, 
and the remaining 2 g of 4 g — on the skin and gastrointesti-
nal tract. However, all of these assumptions underestimate 
non-urea nitrogen in urine (ammonia, creatinine, uric acid, 
amino acids) for catabolic critically ill patients and gastroin-
testinal nitrogen excretion in diarrhea [6].

Recently data showing that an  increase in  nitrogen 
balance for  every 1  g  per  day  increases the  possibility of 
a positive clinical outcome of the disease (odds ratio 1.21, 
p = 0.03) were published [7]. It is well known that especial-
ly elderly patients, the prevailing category of ICU patients 
with COVID-19, have less muscle and higher fat mass than 
younger patients with a  similar body weight, which, of 
course, aggravates the consequences of the progression of 
hypercatabolism syndrome [8, 9]. It is clear that further re-
search is needed on the role of nitrogen balance in relation 
to clinical outcomes in critically ill patients.

Objectives of the study — evaluation of the prognostic 
value of some indicators of the severity of catabolic 
syndrome in COVID-19 ICU patients.

Materials and methods

The  s t udy was organized among patients of ICU de-
partments of Almazov National Medical Research Centre 
(St.  Petersburg, Russia). There was a  single-center, pro-
spective, open cohort clinical study. ICU patients with a se-
vere COVID-19 were included.

Inclusion criteria (all of the above criteria must be met):
	ÿ age from 18 to 80 years old;
	ÿ stay in the ICU;
	ÿ criteria for  severe COVID-19 in  accordance with 

the current version of the “Temporary guidelines: 
diagnosis, treatment and prevention of new coro-
navirus infection (COVID-19)” of the Ministry of 
Health of the Russian Federation:
	â respiratory rate > 30 / min;
	â SpO2 ≤ 93 %;
	â PaO2 /FiO2 ≤ 300 мм Hg;
	â decreased level of consciousness, agitation;
	â unstable hemodynamics (systolic blood pres-

sure less than 90  mm  Hg or  diastolic blood 
pressure less than 60 mm Hg, urine output less 
than 20 ml/hour);

	â changes in the lungs on computed tomography 
(X-ray), typical for viral damage (the  area of 
the damage is significant or subtotal);

	â arterial blood lactate > 2 mmol/L;
	â qSOFA > 2.

Exclusion criteria (one is sufficient):
	ÿ chronic kidney disease;
	ÿ acute kidney injury;
	ÿ chronic liver failure;
	ÿ carrying out methods of renal replacement thera-

py;
	ÿ administration of diuretics;
	ÿ extracorporeal membrane oxygenation.

Duration of observation — from the moment of inclu-
sion into the study to transfer from the ICU. Data registra-
tion regimen: during the first 72 hours, from 4th to 7th day 
and from 8th to 14th day of stay in the ICU.

Intensive care treatment of patients was carried out ac-
cording to the current version of the Temporary guidelines. 
“Prevention, diagnosis and treatment of new  coronavirus 
infection (COVID-19)” of the Ministry of Health of the Rus-
sian Federation. Version  8.1 (01.10.2020). Transfusionof 
20 % human albumin solution was provided only with a de-
crease in the level of serum albumin to 25 g/L or less.

As  criteria for  the  severity of the  catabolic syndrome 
we  have chosen daily urea nitrogen excretion and serum 
albumin level. To determine the daily nitrogen loss, urine 
was collected and the level of urea in urine in mmol/L was 
determined. The calculation of nitrogen loss was made ac-
cording to the formula: nitrogen excretion (g/day) = urine 
urea (mmol/day) × 0.033 (g), where 0.033 is the conversion 
factor of urea into nitrogen.

Nutritional support was provided in accordance with 
the  clinical guidelines of the  Federation of Anesthesiol-
ogists and Reanimatologists of the  Russian Federation 
“Metabolic control and nutritional support in  patients 
on  prolonged mechanical ventilation”  [28]. Patients 
on  non-invasive mechanical ventilation received enteral 
nutrition in a sipping mode with oral enteral diets in com-
bination with a hospital diets. In patients on invasive me-
chanical ventilation (IMV), tube enteral nutrition through 
the  nasogastric access was performed with the  Standard 
and Diabetes enteral diets.

The  value of the  indicator variation in  the  study was 
expressed using the  confidence interval (CI). The  size of 
the analyzed population is presented as n; achieved level of 
significance  — p. Comparative analysis of nonparametric 
quantitative data was carried out using the Mann–Whitney 
test. To  determine the  predictive value of the  diagnostic 
test, we plotted using the curves of operating characteristics 
(ROC, Receiver Operating Characteristics) with the  sub-
sequent determination of the  sensitivity and specificity 
at the separation point.

55  patients with severe COVID-19 were included 
in the study. The average age was 64.4 (21; 79) years, the av-
erage body weight was 87.7 (59.7; 112.13) kilograms. Men 
accounted for 56.36 % (n = 31), women — 43.64 % (n = 24). 
Subsequently, two  subgroups of patients were formed  — 
with a positive (n = 29) and negative (n = 26) clinical out-
come.
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Results

In order to assess the possibility of predicting the devel-
opment of negative clinical outcome in patients with severe 
COVID-19 we performed ROC  analysis of the  two  most 
important indicators characterizing the  severity of hyper-
catabolic syndrome  — serum albumin and daily urinary 
nitrogen excretion during the  fi rst 14  days of treatment 
in the ICU.

Th e area under the ROC curve (Fig. 1) for serum albu-
min was 0.516 (0.397–0.634) (CI 0.397–0.634, p = 0.81) with 
a sensitivity of 75 % and a specifi city of 39.47 % (table 1), 
which indicates a  low ability of the  test to predict the de-
velopment of negative clinical outcome. Cut-off  point was 
determined as 29.7 g/L.

Analysis of the dynamics of serum albumin in survivors 
and non-survivors did not reveal any signifi cant diff erenc-
es at all stages of the study. It is also important that in both 
compared subgroups serum albumin decreased moderately 
and fl uctuated in the range of 29–32 g/L.

Th e  area under the  ROC curve (Fig.  2) for  the  daily 
nitrogen excretion was 0.624 (CI 0.49–0.76, p = 0.09) with 
a sensitivity of 75.9 % and a specifi city of 58.1 % (table 1), 
which indicates a  moderate ability of the  test to  predict 
the  development of negative clinical outcome. Th e  cut-
off  point was determined as 20 g of nitrogen per day, which 
indicates an  increased risk of developing of negative out-
come with a total daily protein loss of more than 130–135 g, 
taking into account extrarenal nitrogen losses.

It should be noted that it was found out that in survivors 
there was a signifi cant increase in daily urinary nitrogen ex-
cretion from 4 to 7 days (p = 0.022) and from 8 to 14 days 

(p = 0.011) in comparison with a group of patients with neg-
ative clinical outcome (Fig. 3).

Discussion

Systemic infection, polytrauma, major surgery are 
accompanied by varying degrees of hypercatabolism. 
Th e severe COVID-19 is a specifi c type of the systemic in-
fl ammatory response, in which the manifestation of organ 
dysfunction, as  a  rule, begins with damage of the  lungs. 
Acute lung injury is the  earliest and most frequent com-
plication in prolonged catabolic states [10]. Tissue damage 
caused by the SARS-CoV-2 virus and hyper immune reac-
tion at  the  alveolar level is characterized by pathological 
changes in  the  form of infi ltration, hyperplasia and early 
fi brosis. Th e data on the features of the catabolic syndrome 

Fig. 1. ROC curve of serum albumin level effect on the clinical 
outcome in ICU patients with COVID-19

Serum albumin

Fig. 2. ROC curve of daily urea nitrogen excretion effect 
on the clinical outcome in ICU patients with COVID-19

Urea nitrogen excretion

Fig. 3. Dynamics of daily nitrogen excretion in groups 
with positive and negative clinical outcome during 
14 days of stay in ICU
*p < 0.05; **p < 0.01
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in  COVID-19 are still scarce, contradictory and not sys-
tematized [11].

In critical care medicine serum albumin has long been 
considered as a  predictor of negative clinical outcome, 
which has  been confirmed by a  number of publications. 
In  83  critically ill  patients, a  decrease in  plasma albumin 
concentration was accompanied by an  increase in  pulmo-
nary vascular permeability, regardless of the  underlying 
disease and fluid status. Blood albumin levels have shown 
high sensitivity and negative predictive value for predicting 
increased pulmonary vascular permeability and the risk of 
respiratory distress syndrome developing [12].

In a meta-analysis of 90 cohort studies involving more 
than 290,000 patients evaluating hypoalbuminemia as a pre-
dictor of negative clinical outcome using multivariate anal-
ysis, and in nine prospective controlled studies on the cor-
rection of hypoalbuminemia, in  which 535  patients 
participated, the  relationship between hypoalbuminemia 
and poor outcome was evident. Regardless of nutritional 
status and severity of the inflammatory process [13]. More 
recent studies including nearly 6,000  adult patients have 
also shown that hypoalbuminemia on admission is an inde-
pendent marker of 30 day all-cause mortality [14].

Based on  the  results of our  study, we  conclude that 
there is a  low predictive value of serum albumin in severe 
COVID-19. However, in  March  2020, Chinese research-
ers published data demonstrating significantly lower 
blood albumin levels in  non-survivedCOVID-19 patients. 
It should be noted that the average levels of blood albumin 
in our study and in the trial of Chinese colleagues were very 
similar (29.1–35.8 g/L) [15]. It is also important that the re-
sults of a clinical study published in 2019 assessing the prog-
nostic levels of hypoalbuminemia demonstrated that serum 
albumin 24.5  g/L was defined as  the  optimal threshold 
value for  predicting short-term and long-term mortality 
in ICU patients with septic shock [29].

In contrast, 24-hour urinary nitrogen excretion showed 
moderate predictive value as  demonstrated by ROC  analy-
sis. Perhaps a more important finding should be considered 
was the revealed trend of a significant increase, rather than 
a decrease, as one would expect, in urinary nitrogen losses 
in  the group of survivors. This kind of result could be sub-
stantiated by studies that explain in detail the basis of the de-
velopment of muscle catabolism processes for tissue recov-
ery after polytrauma [16, 17]. Also, in a  recently published 
Russian study devoted to the analysis of protein metabolism 
disorders in thoracic and abdominal trauma, the authors de-

scribed an upward trend in daily nitrogen losses with max-
imum values of urinary nitrogen excretion on days 7–10 of 
intensive care  [18]. The  explanation of this phenomenon 
could be based on several hypotheses. Firstly, high degree of 
catabolism is typical for the progression of the inflammatory 
response and maybe caused by the activation of proliferative 
processes that develop during severe COVID-19  [19].Sec-
ondly, the increase in catabolism in the group of survivors can 
be explained by the well-known concept of activation of “au-
tophagy” as a classical mechanism of sanogenesis in critical 
illness. The activation of autophagy in critical illness has been 
previously interpreted as a negative reaction that promotes 
hypercatabolism and wasting. However, the hypothesis that 
autophagy may be protective for skeletal muscles and other 
organs during severe illness was initially voiced and obtained 
in studies performed on experimental animals (mice with au-
tophagy selective for various tissues) [20, 21].

In fact, it has not previously been studied whether auto-
phagy is activated enough to cope with severe cellular dam-
age caused by critical illness. However, a clinical study that 
took into account the effects of insufficient autophagy con-
firmed similar adverse changes in skeletal muscle and liver 
in critically ill patients. They consisted in the accumulation 
of aggregates of ubiquitin and other substrates of autopha-
gy, such as deformed mitochondria and aberrant concentric 
membrane structures) [22, 23].

Fasting is the most serious physiological activator of au-
tophagy, while nutrition and insulin inhibit this mechanism 
[24]. Muscle biopsy performed in ICU patients showed sup-
pression of autophagy activation with early versus late on-
set of parenteral nutrition, but in the absence of any effect 
on markers of muscle atrophy development [25]. Adequate 
activation of autophagy appears to have been critical to pro-
vide protection against mitochondrial dysfunction, liver 
damage, and renal failure in critically ill models in experi-
mental animals [26, 27].

Some important limitations of our  study should also 
be  noted. Of course, the  ICU patient is influenced by 
a  number of factors that can  reduce or  increase the  met-
abolic rate, namely: sedation and analgesia, myoplegia, 
the  use of glucocorticoids, mechanical ventilation, infec-
tious complications, the  volume and quality of nutrition-
al support. Since it  is often extremely difficult to  isolate 
the  influence of any  factor in  practical setting, we  pro-
ceeded from the  message that these factors had an  equal 
effect on patients in the group of survivors and non-survi-
vors. We found out the phenomenon of increased urinary 

Table 1. Results of ROC analysis of daily urinary nitrogen excretion and serum albumin in patients with severe COVID-19 
during 14 days of ICU stay

Indicator Area under curve Cut-off point Sensitivity (CI), % Specificity (CI), % р

Daily urea nitrogen excretion 0.624 (0.49–0.76) ≤ 20 75.9 (56.5–89.7) 58.1 (39.1–75.5) 0.09

Serum albumin 0.516 (0.397–0.634) ≥ 29.7 75 (57.8–87.9) 39.47 (24.0–56.6) 0.81
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nitrogen loss in  the  group of survivors from 4  to  14  days. 
However, in  the group of non-survivors, there was no de-
crease in nitrogen losses, nitrogen losses were initially mod-
erately increased in  comparison with normal values and 
did not change during the observation period. The obser-
vation period of only 14 days from the moment of admis-
sion to the ICU does not allow us to conclude that the low-
er the nitrogen loss in patients with COVID-19, the higher 
the mortality. Perhaps, if the study had been extended until 
the patients were discharged from the hospital, this formu-
lation would have been more correct.

Conclusion

Serum albumin level during systemic inflammatory 
response could not be considered as a predictor of clinical 
outcome in  severe COVID-19. In  contrast, daily urinary 
nitrogen excretion is a  more accurate prognostic marker 
of negative clinical outcome of this disease. The main fea-
ture of the  catabolic syndrome in  patients with positive 
outcome of COVID-19 is a progressive increase in the rate 
of urinary nitrogen excretion from days 4 to 14 of intensive 
care. However, the  obtained results should not be  taken 
straightforwardly to  determine the  strategy and tactics of 
nutritional support, in particular, aggressive enteral or par-
enteral loading with nitrogen sources. The revealed patterns 
suggest that dynamic metabolic monitoring based on meth-
ods such as indirect calorimetry, assessment of nitrogen bal-
ance, key markers of the somatic and visceral protein pool 
is an  important approach in  the  practical implementation 
of a  personalized approach to  the  choice of strategy and 
tactics of nutritional therapy. The features of the catabolic 
syndrome in COVID-19 certainly require further compre-
hensive description and analysis.
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