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1. Introduction
Adipose tissue is an endocrine organ, from which 
various mediators called adipokines are secreted. Many 
adipokines secreted from the adipose tissue have been 
identified including adiponectin, visfatin, resistin, and 
leptin [1,2].

Omentin, which is a member of the adipokine family 
and also known as intellectin, was first isolated from 
intestinal Paneth cells in 2005 [2,3]. It acts as a secondary 
messenger in some important cellular events such as 
glucose metabolism, cell proliferation, and apoptosis. In 
vitro studies on cells isolated from human adipose tissue 
have found out that omentin stimulates insulin signal 
transduction and enhances glucose transport by activating 

protein kinase Akt/protein kinase B [3]. Studies have 
reported that omentin-1 is closely related to inflammation 
and plays a role in the pathogenesis of inflammation. 
Omentin-1 is a prognostic marker in some diseases, such 
as coronary artery disease and cerebrovascular disease 
[4,5].

Omentin-1 is selectively expressed more in the 
omentum and visceral adipose tissue compared to other 
members of the adipokine family [2,6]. In the light of 
this thought, the feasibility of the use of omentin-1 as 
a biomarker for surgical intensive care patients was 
evaluated in this study. Furthermore, the relationship 
between omentin-1 and laboratory parameters commonly 
used in intensive care units (ICUs) was investigated.

Background/aim: A member of the adipokine family, omentin-1 is selectively secreted from visceral fat tissue and the omentum. It has 
been shown that omentin-1 is involved in the pathogenesis of certain diseases and can be used as a prognostic marker. This study first 
investigated the prognostic significance of omentin-1 in surgical intensive care patients. In addition, the relationship between omentin-1 
and laboratory and clinical parameters commonly used in intensive care units (ICUs) was evaluated.

Materials and methods: One hundred and fifty-four patients hospitalized in the surgical ICU were included in the study. Blood samples 
for omentin-1 were collected from the patients displaying clinical condition changes. Changes in omentin-1 levels were observed during 
the hospital stay of the patients. A total of 423 blood samples were evaluated. Omentin-1 levels were compared to the laboratory 
parameters routinely monitored in the ICU and the prognostic significance of omentin-1 for surgical intensive care patients was 
investigated.

Results: The median APACHE II score of all patients was (median-IQR, 8.0–6.0 ng/mL). Omentin-1 levels of the alive patients in 
the ICU (median-IQR, 339.04–407.68 ng/mL) were significantly higher compared to dead patients (median-IQR, 166.40–363.60 ng/
mL). Omentin-1 levels were higher in nonsepsis patients compared to the levels of the patients in sepsis and septic shock (p < 0.001). 
Omentin-1 values were negatively correlated with the C-reactive protein and procalcitonin levels, body temperature, and the SOFA 
(sequential organ failure assessment score) scores and they were positively correlated with albumin, prealbumin, and glucose levels. 

Conclusion: Omentin-1 may play a role in the complex constructs of inflammation and metabolic events in intensive care patients. 
Reduced omentin-1 levels in surgical intensive care patients were associated with poor prognosis and increased mortality.
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2. Materials and methods
2.1. Study design
To test omentin-1 levels, 423 blood samples were collected 
from inpatients admitted to our tertiary-care surgical ICU 
in the period from June 2017 to December 2017. Patients 
aged less than 18 years, those who stayed in the ICU for 
24 h or less and pregnant patients were excluded from the 
study. The study cohort consisted of 154 patients with 82 
males and 72 females. The study protocol was approved 
by the local ethics committee (Hacettepe University 
Ethics Committee, GO 16/490-56) and the study was 
conducted in compliance with the ethical standards 
stated in the Declaration of Helsinki. Written informed 
consent was obtained from the patient or the patient’s 
spouse or legal guardian. Patient data and samples were 
collected prospectively. The presence of septic disease was 
defined according to the Third International Consensus 
Definitions for Sepsis (Sepsis-3) [7]. Patients with 
documented or suspected infection and life-threatening 
organ failure were accepted as sepsis. A 2-point increase 
in SOFA score was used to define organ dysfunction. 
The patients who had serum lactate value >2 mmol/L 
and who received vasopressor therapy to ensure that 
the arterial pressure is 65 mmHg despite sufficient fluid 
resuscitation were evaluated as septic shock. Crystalloids 
were primarily preferred in fluid therapy in sepsis patients, 
norepinephrine was administered primarily in patients 
in need of vasopressors, and dopamine was preferred as 
a secondary agent in these patients. The primary purpose 
of the study was to search for an answer to the question 
of whether omentin-1 can be a prognostic marker in 
surgical intensive care patients or not. The relationship of 
omentin-1 with inflammatory markers such as C-reactive 
protein (CRP) and procalcitonin (PCT) was investigated 
as a secondary purpose. In addition, omentin-1 level was 
evaluated with other laboratory parameters and scoring 
systems used in the monitoring of intensive care patients.
2.2. Collection and analysis of blood samples
Baseline blood samples were collected at the time of 
admission of the patients to the ICU. Omentin-1 was 
evaluated simultaneously with the alterations in the 
vital signs and clinical care of the patients (in case of an 
increase of two points in the SOFA score; 24 h later after 
the patient started or stopped oral intake, and in patients, 
who developed sepsis and septic shock). Blood samples 
for omentin-1 were again collected from the patients at 
the time of discharge from ICU. Routine laboratory tests, 
vital signs, and the nutritional status of the patients were 
evaluated daily and the results were recorded. Blood 
samples were centrifuged and the serum samples were 
kept at –80 ºC until the time of the analysis.

Serum omentin-1 was measured by sandwich based 
ELISA (BioVendor, GmbH, Germany). Standards, 2–64 

ng/mL, were prepared, and serum samples were diluted. 
Total 100 µL of samples were incubated in microtiter wells 
coated with polyclonal antihuman omentin-1 antibody 
for capturing omentin in the sample. After washing, 
biotin-labelled polyclonal antihuman omentin antibody 
was added and incubated. Streptavidin-HRP conjugate 
was added following washing step, and incubated. After 
another wash, the substrate solution (TMB) was added, 
the reaction was stopped by an acidic solution and 
absorbance of the product is measured. The absorbance 
was directly proportional to the concentration of omentin 
in the sample. The concentration of each sample was 
determined from the standard curve provided in the same 
assay. Each sample result was expressed as ng/mL. Limit of 
detection of the measurement was 0.5 ng/mL. Intra-assay 
precision and inter-assay precision were, 4.1 ng/mL and 
3.7 ng/mL, and 4.8 ng/mL and 4.4 ng/mL at low and high 
concentrations, respectively.
2.3. Statistical analysis
Descriptive statistics of numerical variables are 
summarized as mean ± standard deviation or median-
interquartile ranges (IQR) based on the data distribution 
in the groups. Categorical variables were expressed as 
percentages. Comparisons of the mean values of the 
parameters between the survivors and nonsurvivors were 
performed by the independent-sample t-test when the 
data was normally distributed in the groups. The Mann–
Whitney U test was used for comparing the groups with 
data not conforming to a normal distribution. A Chi-
square test was used for comparing the percentages 
between the groups. Relationships between omentin-1 
levels and other clinical parameters were evaluated with 
Spearman’s correlation test. Additionally, to identify 
the relationship between two or more variables, the 
package rmcorr was used for calculating the correlation 
based on repeated measurements from the same patient. 
To determine the cut-off level for omentin-1, receiver 
operating characteristics (ROC) curves were created by 
plotting sensitivity against 1-specificity. The prognostic 
values of the variables were tested by conducting univariate 
and multivariable Cox regression analyses. All variables 
with p ≤ 0.10 in the univariate cox analysis were included 
in the multiple cox regression. All statistical analyses 
were performed by using IBM SPSS Statistics v: 22.0 and 
R statistical computing language v: 3.4.3. The statistical 
significance level was accepted at a p-value of < 0.05.

3. Results
A total of 423 omentin-1 measurements were performed 
in the study. The change in the levels of omentin-1 
was evaluated in patients during their stay at ICU. The 
characteristic features of patients, who died or survived in 
ICU, are summarized in Table 1. 
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Omentin-1 levels were significantly higher in survivors 
compared to nonsurvivors (Figure 1a). No significant 
difference was found between the patients who underwent 
operation (310.0–357.3 ng/mL) and those who did not 
(333.5–471.0 ng/mL) in terms of the median omentin-1 
level (p = 0.80). The predictive value of omentin-1 in 
estimating mortality in ICU was analyzed with the ROC 
curve (Figure 1b). The cut-off value of omentin-1 for 
mortality prediction was 238.42 ng/mL. Patients with an 
omentin-1 value less than or equal to this cut-off value were 
classified as critical whereas patients with an omentin-1 
value higher than this value were considered likely to 
survive. A subgroup analysis for sepsis was performed on 
the patients. Omentin-1 values were higher in nonsepsis 
patients compared to the levels of the patients with sepsis 
and septic shock (Figure 2).

Correlation analyses were performed between the 
omentin-1 levels and routine parameters used in ICU 

(Table 2). A negative and significant correlation of 
omentin-1 levels was found with CRP (Figure 3a) and PCT 
levels, body temperature, and the SOFA scores (Figure 
3b). Albumin and blood glucose levels were statistically 
significantly and positively correlated with the omentin-1 
levels. A negative and insignificant correlation was found 
between the APACHE II scores and omentin-1 levels.

The ICU patients constituted three groups as follows: 
enterally-fed patients, TPN (total parenteral nutrition) 
receiving patients, and the patients, who did not undergo 
any of these two modes of feeding but received only 
parenteral fluids. There was a significant difference in the 
distribution of omentin-1 levels in all three groups (p < 
0.001). The omentin-1 level (median-IQR, 80–199.50 
ng/mL) of the TPN group was statistically significantly 
lower compared to the level of the parenteral fluid-only 
group (median-IQR 240–360 ng/mL) and the level of the 
enterally-fed group (median-IQR, 304.96–389.92 ng/mL) 

Table 1. Main clinical characteristics of the patients based on the last status.

Parameter Survivor (n = 135) Dead (n = 19) P value

Age (years) 18–61.50 25–63.50 0.993
Sex (male/female) 71/64 11/8 0.665
BMI (kg/m2) 27.08 ± 3.78 25.45 ± 4.46 0.173
Charlson comorbidity index 5–3 6–3 0.051
Operated/not operated 96/39 11/8 0.312
APACHE II score 5–10 8–13 0.004
SOFA score 3–5 6–13 < 0.001
Blood glucose (mg/dL) 160.10 ± 53.32 131.38 ± 38.22 < 0.001
Body_temprature (°C) 36.6 ± 0.6 39.7 ± 29.5 0.231
Total protein (g/dL) 5.75 ± 0.73 5.65 ± 0.97 0.286
Albumin (g/dL) 2.85 ± 0.48 2.59 ± 0.44 < 0.001
Creatinine (mg/dL) 1.08 ± 0.94 2.04 ± 1.46 < 0.001
Hemoglobin (g/dL) 11.01 ± 1.77 11.31 ± 12.23 0.784
Hematocrit (%) 32.90 ± 5.90 28.98±4.86 < 0.001
Prealbumin (mg/dL) 14.13 ± 7.11 11.86 ± 4.88 0.028
Procalcitonin (ng/mL) 5.25 ± 12.00 18.74 ± 27.24 < 0.001
CRP (mg/L) 17.63 ± 11.50 20.48 ± 11.48 0.107
WBC(103/µL) 11.06 ± 5.55 12.20 ± 5.94 0.063
RDW (%) 16.3 ± 3.57 17.17 ± 3.07 0.034
Monosit (103/µL) 0.50–0.70 0.50–0.55 0.199
Platelet count 158–211.5 109–163 < 0.001
Omentin-1 (ng/mL) 339.04–407.68 166.40 - 363.60 < 0.001

Mean ± std. deviation, median-IQR (interquartile range) BMI; Body mass index, APACHE II; Acute 
physiology and chronic health evaluation, SOFA; Sequential organ failure assessment score, CRP; 
C-reactive protein, WBC; White blood cell, RDW; Redcell distribution width.
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(p < 0.001 and p ˂ 0.001, respectively). However, there 
was not a statistically significant difference between the 
parenteral fluid-only group and the enterally-fed group (p 
= 1.000).

Variables (t-tests) affecting the final patient outcomes 
(survival or death) in ICU were included in the univariate 
Cox model. Previous studies have shown that an APACHE 

II score of 10 or more is associated with a poor prognosis 
[8]. APACHE II scores >10 and omentin-1 levels were 
included in the model as variables based on the cut-off 
values. According to the univariate analysis; omentin-1, 
the SOFA scores and APACHE II scores and hematocrit 
were found to be effective factors on survival. As a result 
of the multivariable analysis; the SOFA score, the levels of 
creatinine, and omentin-1 were identified as independent 
significant parameters in predicting the survival in ICU 
(Table 3).

4. Discussion
Adipose tissue is considered an important component 
of metabolism and inflammation via the expression of 
various cytokines called adipokines [9,10]. This study 
has evaluated the change in omentin-1 levels at the time 
of admission and care of patients treated in the general 
surgery ICU. The role of omentin-1 in both prognosis and 
inflammation was analyzed.

Omentin is considered in the category of 
antiinflammatory adipokines [11,12]. Antiinflammation 
has been suggested to occur by c-Jun N-terminal kinase 
and cyclooxygenase-2 inhibition, possibly as a result of 
stimulation of pathways containing AMP-activated protein 
kinase and nitric oxide [13]. Urbanova et al. examined 
omentin-1 serum concentrations in patients with morbid 
obesity and type 2 diabetes mellitus and found a negative 
correlation between omentin-1 and CRP, which is a 
marker of acute inflammation [14]. Tan et al. evaluated 
omentin-1 in patients with polycystic ovaries and reported 
a negative correlation between omentin-1 and CRP [15]. 
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Figure 1. (a) Omentin-1 levels of patients, who died in the ICU were lower than omentin-1 levels of patients, who survived in the ICU. 
(b) The cut-off value of the serum omentin-1 level for survivors and nonsurvivors is 238.42 ng/mL (AUC = 0.783, p < 0.001). The cut-off 
value corresponds to the sensitivity and the specificity values of 0.74 and 0.65, respectively (PPV = 52%, NPV = 91%).

Figure 2. A total of 423 evaluations were made for omentin-1 
levels. While sepsis and septic shock criteria were met by 42 and 
32 patients, respectively; omentin-1 levels were higher (median-
IQR, 290.80–374.32 ng/mL) in nonsepsis patients compared to 
the levels found in sepsis patients (median-IQR, 35.22–131.70 
ng/mL, p < 0.001) and patients with septic shock (median-IQR, 
4.00–54.62 ng/mL, p < 0.001).
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These studies supported the antiinflammatory properties 
of omentin-1. However, Luedde et al. suggested that 
omentin-1 was not correlated with markers of infection and 
inflammation such as CRP, PCT, and interleukin-6 [16]. 
Results supporting the antiinflammatory characteristics of 
omentin-1 were obtained in this present study. A negative 
and significant correlation was found between omentin-1 
and CRP and PCT.

Adipokines attract attention in sepsis studies because 
of their roles in inflammation and impaired glucose 
homeostasis [17,18]. The effects of adiponectin on 
metabolism and inflammation are similar to the effects 
of omentin from the adipokine family [19]. However, 
the predominant effect of leptin, another member of 
adipokines, is its pro-inflammatory effect [20]. Several 
studies about sepsis-adiponectin are available reporting 
both high and low levels of adiponectin in patients with 
sepsis. In addition, previous studies reported different 
results related to leptin in sepsis [21–24]. Luedde et al. 
reported in their study in medical intensive care that 
omentin-1 levels of patients with sepsis were not different 
compared to the levels of nonsepsis patients [16]. The 
diagnostic criteria of sepsis have been regularly updated; 

however, the opinion about the role of inflammation in 
sepsis has not yet changed. The omentin-1 levels of patients 
with nonsepsis were significantly higher compared to 
the levels of patients with sepsis in this present study 
(Figure 2). Many studies suggested the antiinflammatory 
properties of omentin-1. So, this was the outcome we 
expected. Luedde et al. evaluated omentin-1 level in the 
first three days of intensive care. However, in our study; 
the change of omentin-1 value was evaluated during 
the intensive care stay of the patients. We think that this 
situation is effective in obtaining a different result from 
Luedde et al. However, irregular and complex response 
to infection occurs in the host in sepsis. The hemostatic 
balance resulting from the complex interaction between 
proinflammatory and antiinflammatory responses is 
determinant for the patient’s condition [20]. Sepsis has a 
complex response to inflammation. In addition, patient 
populations in the studies are heterogeneous. Therefore, 
we think that contradictory results emerge in studies 
investigating adipokines in patients with sepsis. 

Both gene expression and plasma levels of omentin 1 
in adipose tissue decrease in obese individuals. Omentin 
levels were lower compared to the normal population in 

Table 2. Correlations between omentin-1 and other parameters.

Omentin (n = 423)

No adjustment Adjusted for dependency

SOFA score –0.342**   –0.244**

APACHE II score –0.139 –0.058
Blood glucose 0.209** 0.140*

Creatinin –0.267** –0.029
Hematocrit 0.145** 0.086
Haemoglobin 0.069 0.004
WBC –0.099 –0.132*

Procalcitonin –0.189* –0.134*

CRP –0.322** –0.333**

RDW –0.002 0.002
Platelet 0.215** 0.036
BMI –0.043 –0.028
Body temperature –0.233** –0.161**

T. protein 0.071 0.076
Albumin 0.303** 0.252**

Prealbumin 0.161 0.136*

**Correlation is significant at the 0.01 level. *Correlation is significant at the 0.05 level. 
SOFA; Sequential organ failure assessment score, APACHE II; Acute physiology and 
chronic health evaluation, WBC; White blood cell, CRP; C-Reactive rrotein, RDW; 
Redcell distribution width, BMI; Body mass index.
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obesity-related conditions such as type 2 diabetes mellitus 
and impaired glucose tolerance. Omentin is reported to be 
inversely correlated with BMI and fasting blood glucose 
[3]. Pan et al. also reported a negative correlation between 
omentin-1 and BMI and blood glucose levels in their study 
results [25]. However, Arjmand et al. reported that omentin 

levels were higher in cancer patients with BMI ≥ 25 and 
suggested that omentin may play a role in the development 
of obesity-related cancer in a systematic analysis evaluating 
omentin-1 levels, contrary to popular opinion [26]. A 
negative correlation was found between omentin-1 and 
BMI, but this was not significant in this study, contrary to 

Table 3. Univariate and multivariable Cox regression analysis for omentin-1 and other clinical factors to predict survival 
at the ICU.

Univariate analysis Multivariable analysis

Parameter Unadjusted
HR (95% CI) p- value Adjusted

HR (95% CI) p-value

SOFA score 1.48 (1.15–1.90) 0.002 1.138 (1.006–1.288) 0.040
APACHE II score (>10) 3.93 (1.23–12.53) 0.021 3.864 (0.693–21.550) 0.123
Charlson comorbidity index 1.234 (0.992–1.535) 0.059 0.915 (0.720–1.162) 0.467

Blood glucose 0.995 (0.981–1.009) 0.485 - -

Albumin 0.301 (0.085–1.057) 0.061 0.483 (0.207–1.124) 0.091
Creatinine 1.263 (0.965–1.651) 0.089 0.513 (0.307–0.857) 0.011
Hematocrit 0.877 (0.792–0.971) 0.011 1.039 (0.990–1.089) 0.122
Procalcitonin 1.032 (0.997–1.067) 0.070 1.013 (0.999–1.028) 0.074
RDW 1.039 (0.907–1.191) 0.577 - -
Omentin-1 (≤238.42 ng/mL) 1.102 (1.011–1.200) 0.027 2.274 (1.094–4.726) 0.028
Platelet 0.996 (0.992–1.001) 0.111 - -

SOFA; Sequential organ failure assessment score, APACHE II; Acute physiology and chronic health evaluation, RDW; 
Redcell distribution width.
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Figure 3. (a) A negative correlation was found between the levels of omentin-1 and CRP (r = –0.322, p ˂ 0.001). (b) There was a negative 
correlation between omentin-1 levels and the SOFA scores (r = –0.342, p ˂ 0.001).
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expectation. There was also a positive correlation between 
blood glucose and omentin-1, contrary to what was 
expected. The complexity of intensive care patients and the 
regulatory role of omentin-1 in this complex structure and 
the heterogeneous patient population in the study may 
explain the emergence of this different result.

The common opinion is that enteral nutrition prevents 
intestinal barrier dysfunction, maintains mucosal integrity, 
and thus prevents bacterial translocation [27]. Significant 
improvements were observed in the intestinal barrier 
function only in half of the patients with acute pancreatitis 
fed with standard enteral nutrition in systematic analyses of 
the studies in the literature. Therefore, it has been reported 
that enteral nutrition acts favourably via some mechanisms 
of action other than the improvement in the intestinal 
barrier function [28]. Adipokines have been suggested 
to present a possible alternative mechanism for the 
therapeutic benefits of enteral nutrition [29]. Omentin-1 
levels were found significantly higher in patients receiving 
enteral nutrition compared to TPN-receiving patients in 
our study. However, a difference was not found between 
the patient group receiving only parenteral fluids and the 
enterally-fed patient group. These results support the idea 
that adipokines play a role in ensuring intestinal mucosal 
integrity of enteral nutrition and preventing bacterial 
translocation. However, there is a need for further research 
on the subject. 

Scoring systems are frequently used in patient 
management in ICUs. The most widely used ones are 
the APACHE II and SOFA scoring systems. Luedde et al. 
reported no correlations between the APACHE II score 
and the omentin-1 levels [16]. An insignificant and weak 
correlation was observed between the APACHE II score 
and omentin-1 level in this present study. However, a 
significant and negative correlation was found between 
the SOFA score and omentin-1 level. The consecutive 
measurements of the SOFA scores are used for predicting 
mortality [30]. Our results suggest that the change 
in omentin-1 levels can be used for the prediction of 
prognosis in ICUs.

Adipokines can act as prognostic indicators in a variety 
of diseases via their direct effects on the regulation of 
hyperglycemia, glucose intolerance, and insulin resistance 
[20,23]. Wu et al. found a negative association between 
omentin-1 and cerebral infarction dimensions (r = –0.304, 
p ˂  0.001). Patients with low omentin-1 serum levels (<129 
ng/mL) had a higher risk of death than those with high 
serum omentin-1 levels (≥129.0 ng/mL) in the results of 

the study [4]. Narumi et al. reported in their study on 
patients with heart failure that patients with low omentin-1 
level (IQR, 57–402 ng/mL) had a higher cardiac risk than 
high omentin-1 level (IQR, 323–661 ng/mL) [31]. The 
omentin-1 level (median-IQR, 166.40–363.60 ng/mL) was 
significantly lower in the dead patients compared to the 
omentin-1 level (median-IQR, 339.04-407.68 ng/mL) in 
the alive patients in this study. Low omentin-1 levels may 
be involved in poor prognosis and mortality as the effects 
of endothelial dysfunction, insulin resistance, abnormal 
glucose metabolism, and inflammation prevail [32]. It 
appears that the reduction in omentin-1 levels is consistent 
with poor prognosis and increased mortality in light of the 
above-mentioned data.

We are of the opinion that monitoring the trend in 
omentin-1 levels during the intensive care stay of patients 
is important in predicting mortality and prognosis instead 
of evaluating omentin-1 levels at the time of admission.

One of the strengths of this study is that patient 
groups are matched for age, weight, and BMI. Thus, the 
effect of confounding factors potentially to be involved in 
determining the effect of omentin-1 or other parameters 
have been mitigated, ensuring the reliability of results 
to identify variables acting on patient outcomes in 
intensive care. However, imbalances across the study 
groups cannot be completely excluded due to the complex 
clinical condition of intensive care patients. Due to small 
number of patients, the association between the serum 
omentin-1 level and individual comorbid disease could 
not be investigated. In addition, the groups included in 
the subgroup analyses resulted in low patient numbers 
across the study groups. These conditions constitute the 
limitations of our study. 

In conclusion, omentin-1 may play a role in the 
prognosis of intensive care patients with its effects on 
insulin resistance, abnormal glucose metabolism, and 
inflammation. This study showed that the omentin-1 value 
can be a prognostic marker for surgical intensive care 
patients and can be used to predict mortality. We think 
that studies on the subject will support the widespread use 
of omentin-1 as a prognostic indicator in surgical ICUs.
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