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Abstract: Background/Objectives: The function of adipokines, which play an important role in the
etiopathogenesis of critical illness, has not been fully elucidated. We aim to investigate the
sequential changes in serum adipokines and their association with clinical outcomes and nutritional
parameters in ICU patients with SARS-CoV-2. Methods: This observational study was conducted
prospectively in a Medical ICU. Blood samples were collected on admission and on the 7th day for
analysis of adiponectin, GLP-1, resistin, visfatin, acyl ghrelin (AG), IGF-1, and leptin levels using
ELISA kits. Results: This study included 30 critically ill patients and 10 healthy controls. Baseline
and day 7 serum adiponectin, GLP-1, resistin, visfatin, baseline AG and day 7 IGF-1 levels are
significantly lower in critically ill patients compared to the control group (p<0.05). A negative
correlation was observed between time to initiate nutrition and serum adipokine levels (p<0.05).
Patients with high mNUTRIC scores had elevated serum adiponectin and IGF-1 levels on day 7
(p<0.05). Positive correlations were found between MV duration and day 7 AG levels (p<0.05).
Conclusions: This pilot study provides insights into serum adipokine dynamics in critically ill
COVID-19 patients. Lower adiponectin, GLP-1, resistin, visfatin, AG, and IGF-1 levels suggest
dysregulation in these pathways.

Keywords: Adipokines; covid-19; critical illness; clinical and nutritional outcomes

1. Introduction

Critical illness and COVID-19 pose a significant threat to life and necessitate the usage of
pharmacological and mechanical interventions to maintain crucial organ function [1,2]. Critical
illness and COVID-19 cause global mortality and growing economic burden (including sepsis, acute
respiratory distress syndrome [ARDS], and multi-organ failure) [3,4]. Despite the significant
advances in molecular medicine, research into critical illness has yet to produce targeted therapies
after decades of effort [5]. As a result, critical care essentially amounts to supportive care in practice
[6]. It is widely recognized that adipose tissue secretes hormones and cytokines and affects the
function of many organs [7]. These hormones or cytokines regulate metabolic and immune
homeostasis by communicating with remote organs through precise receptors [8]. Adipokines play a
role in regulating various inflammatory pathways [9,10]. Given their impact on immune system
function, adipokines are considered to play key roles in the outcomes of critical illness. Recently,
there have been limited reports regarding the correlation between sequential circulation adipokines
and critically ill ARDS patients [11].

Elevated levels of pro-inflammatory adipokines are associated with worse clinical
manifestations and a poor prognosis in patients with COVID-19. It has been established that the
dysregulation of adipokines plays a role in the heightened inflammation and increased risk of severe
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outcomes, including acute respiratory distress syndrome (ARDS), observed in patients with COVID-
19 [12].

In this study, our goal is to investigate the sequential changes in blood adipokines and the
association between clinical and nutritional outcomes in intensive care unit (ICU) patients with
severe respiratory failure caused by SARS-CoV-2.

2. Materials and Methods

The Materials and Methods should be described with sufficient details to allow others to
replicate and build on the published results. Please note that the publication of your manuscript
implicates that you must make all materials, data, computer code, and protocols associated with the
publication available to readers. Please disclose at the submission stage any restrictions on the
availability of materials or information. New methods and protocols should be described in detail
while well-established methods can be briefly described and appropriately cited.

Research manuscripts reporting large datasets that are deposited in a publicly available database
should specify where the data have been deposited and provide the relevant accession numbers. If
the accession numbers have not yet been obtained at the time of submission, please state that they
will be provided during review. They must be provided prior to publication.

Interventionary studies involving animals or humans, and other studies that require ethical
approval, must list the authority that provided approval and the corresponding ethical approval
code. Patient and Control Study Group

The prospective study was carried out at the Medical ICU of Kayseri City Hospital from
September to November 2022. The study involved 30 patients who are 18 years old or older, along
with a control group comprising 10 healthy volunteers. The patients were admitted to the ICU and
stayed there for at least seven days. The age and sex of the control group without comorbidities
were matched with the patients.

Age, gender, height, weight, body mass index (BMI), The Acute Physiology and Chronic Health
Evaluation (APACHE II) score, and modified Nutrition Risk Score (nNUTRIC) data were collected.
Patients were monitored for seven days following admission to the ICU. Glasgow Coma Scores (GCS)
were recorded after admission to the ICU and Sequential Organ Failure Assessment (SOFA) scores
were calculated daily. Mechanical ventilation (MV) status and vasopressor requirement were
documented. Daily dietary patterns and calorie intake were also recorded. The length of stay in the
ICU and hospital, duration of MV, and the data on mortality in the ICU and hospital, were recorded.
The timing, route, dose, and composition of nutrition were adjusted according to the guidelines
published by the European Society for Clinical Nutrition and Metabolism (ESPEN) association in
2023 [13].

2.1. Sample Collection and Laboratory Analyses

The study population comprised patients with laboratory-confirmed SARS-CoV-2 infection and
who had been followed up in the ICUs with respiratory failure for more than 24 hours. The diagnosis
was confirmed by a PCR assay of nasal and pharyngeal swabs or endotracheal aspirate, in accordance
with the World Health Organization (WHO) guidelines [14]. Samples of blood were obtained from
the patients at ICU admission and on the 7th day. Blood samples were collected concurrently with
the routine blood samples obtained from the patients at 10:00. The samples were subjected to
centrifugation at 5,000 rpm for a period of 10 minutes within a 30-minute timeframe. Laboratory
analyses of human AG, adiponectin, GLP-1, IGF-1, leptin, resistin and visfatin proteins were
performed with ELISA kits in accordance with the procedures at Erciyes University Biochemistry
Department Laboratory.

ELISA measurement of adipokines: ELISA KIT, Bioassay Technology Laboratory, Shanghai,
China

Acyl ghrelin: Catalogue code: E3090Hu, Human Acylated ghrelin, Adiponectin: Catalogue code:
E1550Hu Human Adiponectin, Ghrelin: Catalogue code: E3091Hu Human Ghrelin, GLP-1:
Catalogue code: E0022Hu Human GLP-1, IGF-1: Catalogue code: E0103Hu Human IGF-1, Leptin:
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Catalogue code: E1559Hu Human Leptin, Resistin: Catalogue code: E0338Hu Human Resistin,
Visfatin: Catalogue code: E0025Hu Human Visfatin

2.2. Statistical Analysis

Statistical Package for the Social Sciences (SPSS) 13.0 and Graphpad Prism applications were
used for data analysis. Continuous data following a normal distribution were expressed as mean+
standard deviation (SD) and non-parametric data as median (25-75 interquartile range (IQR)). The
Shapiro-Wilk test was utilized to evaluate normality distribution. Spearman rank correlation analysis
was used for statistical analysis of non-normally distributed continuous data and Pearson correlation
analysis was used for analysis of normally distributed continuous data. Mann-Whitney U test was
used to analyse categorical data with non-normally distributed continuous data and Student t test
was used to analyse normally distributed continuous data. Friedman analysis was performed for the
analysis of consecutive data. For the significance value of other analyses, P <0.05 was accepted.

2.3. Ethics Statement

Ethics committee approval (coded 2021/357 and dated 05.05.2021) was obtained for the research.
Prior to enrolment, patients or their first-degree relatives were provided with an explanation of the
study and asked to sign a written consent form. Individuals whose consciousness improved during
their stay in the ICU were re-consented. Patients who declined participation at any stage were
excluded from the study.

3. Results

This study included 30 critically ill patients and 10 healthy control individuals. The mean age of
the patients was 70+16 years, and 43% were female. The median APACHE-II scores of patients was
20,5 (IQR= 15.75-28) and the mean mNUTRIC score was 5t1. Need to vasopressor and invasive
mechanical respiratory support (IMV) of patients was 30%, 40% respectively. The median duration
of IVM was 3 days (IQR:2-14). (Table 1)

Table 1. Demographic and clinical information of the patients.

Patient, n=30 Healthy control, n=10

Age, meantSD, year 70£16 68+11
Gender, n (%) Female 13 (43) 4 (40)
BMI, median (IQR), kg/m? 25 (22-31) 26 (23-32)
mNUTRIC score, meantSD 5+1
APACHE II, median (IQR) 20.5 (15.75-28)
SOFA score, median (IQR) 6 (5-8)
Infection, n (%) 18 (60)
Vasopressor, n (%) 9 (30)
Mechanical Ventilation (MV), n (%) 12 (40)
Duration of MV, median (IQR), day 3 (2-14)
Initiation time of feeding, median (IQR), hour 2 (1,75-3)
Length of stay in ICU, median (IQR), day 10 (7-18)
Length of Hospital stay, median (IQR), day 14 (10-21)
ICU Mortality, n (%) 15 (50)
Hospital Mortality, n (%) 16 (53)

BMI: Body Mass Index; mNUTRIC: modified The Nutrition Risk in Critically ill;
APACHE II: The Acute Physiology and Chronic Health Evaluation; SOFA:
The sequential organ failure assessment score; ICU: Intensive Care Unit.

Table 2 shows the median calorie intake of the evaluated patients. On the day of admission, 4
patients did not receive any nutrition while 26 patients received some route of nutritional therapy.
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The patients with the highest median calorie intake were patient 1 (1332, min-max:1296-1818), patient
26 (1440 min-max:580-1584), and patient 30 (1452 min-max:0-1652).

Table 2. The Daily Calorie Intake of Patients.

Patien Daily
ts No: Calorie
Intake,
kcal/da

y

Dayl Day2 Day3 Day4 Day5 Day6 Day7 Median calorie
intake, (min-max)

1 1332 1442 1818 1296 1296 1728 1296 1332 (1296-1818)
2 180 300 300 300 400 400 300 (0-400)

3 480 1008 960 864 1152 336 864 864 (336-1152)

4 1680 576 768 300 600 800 900 768 (300-1680)

5 150 200 100 1800 1260 756 800 756 (100-1800)

6 400 400 400 500 600 400 400 400 (400-600)

7 600 800 1000 1000 600 600 650 650 (600-1000)

8 180 432 540 504 600 450 600 504 (180-600)

9 1008 1152 934 1156 1152 444 600 1008 (444-1152)
10 500 600 500 800 1000 800 900 800 (500-1000)
11 1152 1152 1152 1152 1152 1152 1152 1152 (1152-1152)
12 468 612 1080 972 1620 1134 1100 1080 (468-1620)
13 672 1380 1552 1552 400 400 400 672 (400-1552)
14 400 600 500 600 500 500 500 500 (400-600)

15 300 400 500 400 450 500 500 450 (300-500)

16 816 1416 684 864 840 900 800 864 (684-1416)
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17 720 1728 1296 1152 1152 1152 1152 1152 (720-1728)
18 192 576 1152 1152 984 912 900 912 (192-1152)
19 100 576 576 800 576 576 576 (0-800)

20 864 864 864 864 864 864 468 864 (468-864)
21 384 1152 1152 1152 1668 600 1000 1152 (384-1668)
22 300 600 600 650 700 600 (0-700)

23 540 600 700 900 700 800 800 700 (540-900)
24 300 250 200 200 300 400 250 (0-400)

25 900 1000 600 700 800 800 800 800 (600-1000)
26 580 1452 1302 1360 1440 1440 1584 1440 (580-1584)
27 640 876 876 548 700 1000 1000 876 (548-1000)
28 816 1152 1152 1404 924 870 1050 1050 (816-1404)
29 400 500 400 500 600 300 400 400 (300-600)
30 1168 528 1452 1652 1552 1500 1452 (0-1652)

Upon admission, 13% of the patients received enteral tube feeding. By the 7th day of follow-up,
this figure had increased to 27%. In terms of parenteral nutrition (PN), 27% of patients received PN
upon admission, but this rate decreased to 10% by the 7th day of follow-up. Patients who were
conscious and do not need MV were fed a hospital diet, which accounted for 60-63% of all cases.

(Table 3).
Table 3. Daily nutrition type of patients.
Patients Enteral Tube Feeding, I;:f:ilttie:: Oral supplement/diet
n (%) n (%)
n (%)
Baseline 4 (13) 8 (27) 18 (60)
Day 2 5(17) 7 (23) 18 (60)
Day 3 5@17) 6 (20) 19 (63)
Day 4 6 (20) 517) 19 (63)
Day 5 7 (24) 4 (13) 19 (63)

Day 6 7 (24) 4 (13) 19 (63)
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Day 7 8 (27) 3 (10) 19 (63)

Median daily calorie intake per kilogram of weight of the patients during their ICU stay were
6.6-11 kcal/kg/day. On day 5 of the seven-day follow-up in the ICU, the patients reached their
maximum calorie intake of 11 kcal/kg/day.

The levels of admission day and 7th day serum adiponectin (p = 0.008 and 0.002), GLP-1(p =
0.006 and 0.031), resistin (p = 0.009 and <0.001) and visfatin (p = 0.025 and <0.001) were significantly
lower in the patient compared to the control group. The baseline serum AG level was significantly
lower in the patient group compared to the control group (p = 0.046). Day 7 Serum IGF-1 level was
significantly lower in the patient group compared to the control group (p = 0.031). Median serum
adipokine levels of patients and control subjects and the relationship between control subjects and
consecutive days was shown in Figure 2.
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The correlation analysis revealed a negative correlation between time to start nutrition and the
levels of baseline (p =0.046, r=-0.368) and day 7 (p =0.002, r=-0.539) serum leptin, day 7 serum AG (p
=0.005, r=-0.503), day 7 serum adiponectin (p =0.01, r=-0.464), day 7 serum GLP-1 (p <0.001, r=-0.568),
and day 7 serum IGF-1 (p =0.001, r=-0.488). The mNUTRIC score demonstrated a positive association
with Day 7 serum adiponectin and IGF-1 levels (p =0.019, r= 0.578 and p=0.041, r= 0.516). The serum
AG levels on day 7 demonstrated a positive correlation with the duration of MV (p =0.006, = 0.497).
The relationship between time to start nutrition, mNUTRIC score and duration of MV with serum
adipokine levels was shown in Figures 3-5.
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Individuals with higher mNutric scores had higher serum Adiponectin and IGF-1
levels on day 7.

Figure 5
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This figure demonstrates a positive correlation between serum acylated ghrelin
level on day 7 and the number of mechanical ventilator days.

Median length of stay in ICU and hospital were 10 (IQR: 7-18), 14 (IQR:10-21) respectively. ICU
and hospital mortality were 50% and 53% respectively. (Table-1)

4. Discussion

Our study is the first to consecutively examine the serum levels of 7 adipokines in critically ill
Covid-19 patients. We found a negative correlation between these adipokines and time to start
nutrition. Additionally, we found that patients with high mNUTRIC scores had high serum
adiponectin and IGF-1 levels on day 7. A positive correlation was found between the number of days
of MV and day 7 serum AG levels.

During inflammation, levels of adiponectin, which possess anti-inflammatory properties,
decrease [15]. In our study, serum adiponectin levels decreased at basal and day 7 compared to
healthy volunteers. A recent study by Flikweert AW et al. evaluated COVID-19 patients admitted to
hospital. The study included 30 non-hospitalised patients, 159 patients hospitalised in hospital wards,
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101 COVID-19 patients requiring intensive care, 101 healthy control group, and 40 non-COVID-19
intensive care patients. Like our study, the levels of adiponectin were lower in COVID-19 patients
who were critically ill compared to the healthy control group. Unlike our study, this study examined
adipokines from plasma in a single measurement. The study analysed the levels of plasma leptin,
adiponectin, resistin and visfatin. It is worth noting that, unlike our study, critical COVID-19 patients
in the other study had lower APACHE-II scores (16 and 21) [16].

GLP-1, secreted from intestinal L cells in response to food intake, has a direct anti-inflammatory
effect on adipose tissue by reducing adipose tissue macrophages [17]. The study found that basal and
7th day serum GLP-1 levels were lower compared to the control group.

Resistin causes an increase in proinflammatory cytokines and triggers inflammation [9,18]. A
study conducted in ICU to examine the relationship between single measurement serum resistin
levels and inflammation. The study found that serum resistin levels were higher in critically ill
patients than in the control group and were positively correlated with IL-6 and TNF-a [19]. Flikweert
AW et al. discovered a positive correlation between IL-6 levels and adiponectin, resistin, and visfatin,
and a negative correlation with leptin [16]. It has been demonstrated that resistin and visfatin levels
increase in conditions such as sepsis and ARDS [18,20,21]. In a review of adipokines in critically ill
patients, increased visfatin and resistin correlate with higher disease severity in the ICU [22].
However, our patients exhibited lower baseline and day 7 levels of resistin and visfatin compared to
the control group.

Leptin, which is secreted from adipose tissue, controls weight gain in the hypothalamus. It has
been shown to increase in Covid-19 patients admitted to the ICU [16,23,24]. However, no relation
was found with inflammatory conditions, including endotoxemia, sepsis, and HIV infection [25]. Our
study found no correlation between baseline and day 7 leptin levels in patients and the control group.

In our patients, consecutive serum resistin, visfatin, and leptin levels may have been lower than
in the studies mentioned above. This could be due to the use of inflammation-suppressing treatments,
such as Tocilizumab and steroids, which inhibit IL-6, a proinflammatory cytokine.

In critically ill patients, increased cytokines resulting from trauma, sepsis or inflammation may
lead to low serum levels of AG [26]. Our study found that baseline AG levels were lower compared
to the control group. However, there are conflicting results regarding AG levels in critically ill
patients [27,28]. This may be due to the fact that the forms of ghrelin analysed in the studies, such as
total and AG, differ.

In a study conducted in 2015 in 543 critically ill non-COVID-19 patients, unlike our study, only
IGF-1 levels among adipokines were analysed from plasma in the first two days of admission to
intensive care or within two days after ARDS developed. The study found that low IGF-1 levels were
independently associated with ARDS and mortality in critically ill patients [29]. In our study, we
found that COVID-19 patients had lower day 7 serum IGF-1 levels compared to the control group.
However, we did not find any statistical significance in disease severity or mortality. This outcome
may be due to the limited size of the patient group.

In this study, a negative correlation was detected between the time of nutritional initiation and
all adipokine levels evaluated in the ICU. No studies were found on the relationship between the
time of initiation of nutrition and adipokines, particularly in critically ill patients, during the literature
review. However, while the risk of malnutrition is high in critically ill patients, delay in initiation
time may increase this risk even more [30].

The NUTRIC score represents the first nutritional risk assessment instrument specifically
tailored and validated for intensive care unit patients. If serum IL-6 levels cannot be measured, the
mNUTRIC score is mentioned, and the risk of malnutrition is considered high if the score is =5 [31].
In a study conducted in elderly (>65 years) patients hospitalised for heart failure, high adiponectin
levels were found in patients with low daily physical activity and malnutrition [32]. In our study,
serum adiponectin and IGF-1 levels on day 7 were high in patients with high mNUTRIC score
indicating the risk of malnutrition. Although physical rehabilitation and patient mobilisation are
performed in ICU, elevated serum adiponectin and IGF-1 levels on day 7 may have been detected
due to inadequate physical activity and difficulties in reaching target calories.
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In a study conducted on rats, a ventilator-associated lung injury (VILI) model was developed.
The administration of ghrelin to rats was shown to decrease VILI. The decrease in VILI was explained
by the decrease in TLR4 and NF-xB expression of ghrelin and the decrease in proinflammatory
cytokines [33]. In a 2010 study of critically ill patients, serum ghrelin levels were higher in
spontaneously breathing patients compared to those in need of MV [27]. However, in our study, we
found a positive correlation between day 7 AG levels and the number of days of MV. The study did
not mention the form of ghrelin used in the previous studies. According to Karaca Z. et al. there may
be a difference in AG and total ghrelin levels [28].

Our study had several strengths. Firstly, we analysed 7 consecutive serum adipokine levels in
ICU patients with COVID-19. Secondly, evidence has shown that heparin affects plasma adipokine
levels [34-36], therefore, serum adipokine levels were analysed instead of plasma. Additionally, this
was the only study to investigate the potential correlation between serum adipokine levels and the
duration of MV and time to start nutrition in critically ill COVID-19 patients.

Our study had limitations as well as strengths. Firstly, the number of patients and control group
was small. We did not perform power analysis. Secondly, we did not analyse COVID-19 phenotypes
in which inflammation and the cytokines secreted accordingly differ. Thirdly, while we examined
cytokines and serum adipokine levels affected by inflammation, we did not record treatments
affecting these cytokines such as IL-6 receptor inhibitors, steroids or immunosuppressive agents in
these critically ill COVID-19 patients.

5. Conclusions

This study investigated the relationship between sequential serum adipokine levels and clinical
outcomes and nutritional parameters in adult critical COVID-19 patients. Statistical differences were
found between baseline and day 7 serum adiponectin, GLP-1, resistin, and visfatin levels compared
to the control group. Additionally, there were statistical differences between baseline serum achyl
ghrelin and the control group, as well as between day 7 IGF-1 and the control group.

There was a negative correlation between feeding time and serum adipokine levels. Serum
Adiponectin and IGF-1 levels were positively correlated with mNUTRIC score. Additionally, a
positive correlation was observed between the number of mechanical ventilator days and serum AG.
This is a pilot study. Further studies with a larger number of patients are required to investigate
changes in blood adipokine levels and their impact on critically ill patients.
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