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A b s t r ac t
Introduction: The aim of this study was to determine the prognostic value of admission immunosuppressive acidic protein (IAP), interleukin-6
(IL-6), total oxidant status (TOS), and total antioxidant status (TAS) in 161 critically ill patients.
Materials and methods: This prospective observational study was carried out in the Emergency Department ICU for 6 months. Critically ill patients
were included in the study consecutively. The main outcomes were the need for early mechanical ventilation (MV) and in-hospital mortality.
Results: The mean age of 161 patients was 66.5 ± 17.1 years. The median IL-6 levels of patients who required early MV were significantly higher
than of the patients who required no MV (p < 0.001), and the median IL-6 levels in the non-survivors were significantly higher than in the survivors
(p < 0.001). The median IAP levels were not significantly different between the groups (p = 0.464 for early MV and p = 0.340 for the in-hospital
mortality group). The AUCs of IL-6 and TOS for predicting in-hospital mortality were 0.819 and 0.608, respectively.
Conclusion: The IAP level on admission to ICU is ineffective in predicting the need for early MV and in-hospital mortality; however, IL-6 level on
admission is a strong prognostic predictor in critically ill patients. Our findings showed that the burden of oxidative stress was high in general
ICU patients.
Clinical significance: Our study showed that increased oxidative stress is an important problem in critically ill patients. If measures are taken
to reduce oxidative stress by physicians, the prognosis of critically ill patients will be better.
Keywords: Immunosuppressive acidic protein, In-hospital mortality, Interleukins, Oxidative stress.
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Introduction
Critically ill patients are one of the most important patient groups
in modern medicine with advanced medical care requirements
and high mortality rates. As a result of immunosuppression and
increased total oxidative stress, a clinical process with multiple
organ failure appears in most of the critically ill patients with poor
prognosis.1–3 It is essential to understand these pathophysiological
pathways to provide appropriate supportive treatment for critically
ill patients.
Immunosuppressive acidic protein (IAP) is an acute-phase
reactant in the glycoprotein structure. IAP was firstly defined in the
literature as an indicator of tumor size and clinical cancer severity
in cancer patients.4 It has been reported that IAP is released from T
lymphocytes, B lymphocytes, polymorphonuclear leukocytes, and
macrophages in cancer patients and that IAP is a valuable marker
that can be used as an indicator of survival in solid tumors such as
breast, lung, renal, stomach, and colorectal cancer.5–8 In different
clinical studies conducted after cancer studies, it has been shown
that IAP is not only a marker specific to cancer patients but also an
acute phase reactant which is determined with the elevated serum
levels in inflammatory events, such as rheumatoid arthritis and acute
pancreatitis.9–10. In the literature, several studies have reported that
IAP is released from hepatocytes in acute inflammatory events
by stimulation of interleukin-6 (IL-6), and its elevation in serum is
correlated with an increase in C-reactive protein and IL-6 levels.11,12
Oxidative stress is defined as the deterioration of the balance
between reactive oxygen species and the antioxidant capacity
of an organism. Recent studies have shown that the increase
in free radical activity is associated with the etiology of many
diseases.13–17 Total oxidant status (TOS) and total antioxidant status
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(TAS) measurements reflect the levels of oxidant and antioxidant
substances, respectively, in a sample.18,19 Oxidative stress index (OSI)
is the ratio of total plasma TOS level to TAS level and is an indicator
of the net oxidative stress in the body. The evaluation of plasma
TAS, TOS, and OSI levels provides key information about the clinical
status of critically ill patients.20
This prospective study aimed to determine the prognostic
values of IAP, IL-6, TOS, and TAS levels, measured on admission
in critically ill patients, who were followed up in the emergency
intensive care unit (ICU).
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IAP in Critically Ill Patients

M at e r ia l s

and

Methods

The study protocol was approved by the Drug and Non-Medical
Device Research Ethics Committee, Meram Faculty of Medicine,
Necmettin Erbakan University, Tukey. Informed consent was
obtained from the patients or the first-degree relatives of the
patients who were in a coma or had incomplete mental functioning.

Study Population
This prospective observational study was carried out in the ICU
of the emergency department of Meram Faculty of Medicine,
Necmettin Erbakan University for 6 months. ICU of Emergency
Department serves as one of the Level 3 general ICUs (Level 3
ICUs admit patients requiring two or more organs support and
are staffed with nurses with a doctor present in the unit 24 hours
daily) in the hospital. Patients requiring critical care, aged 18 years
and older who were followed up and treated in the Emergency ICU
during the study period were included prospectively in this study.
Patients under 18 years of age, pregnant, and those who did not
give informed consent to participate were excluded from the study.

Study Protocol
The following parameters were recorded for patients who met the
inclusion criteria: age, gender, APACHE II score, and SOFA score. The
patients were followed up for the first three days in terms of the
need for mechanical ventilation (MV) and then they were followed
up in terms of the length of stay in ICU, length of stay in the hospital,
and in-hospital mortality.
The routine blood samples were collected from the patients on
admission to the ICU. The blood samples were kept at −20 °C until
biochemical analysis to measure serum IAP, IL-6, TAS, and TOS levels.
The main prognostic outcomes of the study that were
determined included the need for MV in the first three days (early
MV) and in-hospital mortality. The patients were divided into
two groups: required MV and not required early MV. Differences
between clinical parameters and biomarker levels were investigated.
For evaluating the in-hospital mortality, the patients were
divided into two groups: survivors and non-survivors. Again, the
differences between parameters and biomarker levels were also
investigated. The prognostic performances of the parameters and
biomarkers which were found to be significantly different between
the two groups in terms of predicting in-hospital mortality were
calculated.

evaluation of TAS and TOS levels.20 It is said that equilibrium occurs
at the onset of acute diseases, the TOS value is above 8.00 and the
TAS value can be determined above 2.00; however, TAS value below
1.45 indicates very high oxidative stress clinically.20

Statistical Analysis
Statistical analysis of the data was performed using SPSS version 20.0
(SPSS Inc, Chicago, IL, USA). Normality analyses of the data were done
by using histograms and the Kolmogorov–Smirnov test. Quantitative
variables of normal distribution were expressed as mean ± standard
deviation, quantitative variables that did not conform to normal
distribution were expressed as median (25–75 percentiles) and
qualitative variables were expressed as frequency (percent).
The difference of the quantitative variables between different
groups was evaluated using the Mann–Whitney U test and
Independent Samples T-tests. The difference of the qualitative
variables between the groups was evaluated by using Chi-square
and Fisher’s exact tests. A p-value of <0.05 was considered
statistically significant. The in-hospital mortality predictive powers
of the biomarkers were evaluated using the receiver–operating
characteristic (ROC) analysis. The Area under the ROC curve (AUC)
values were determined.

R e s u lts
The Demographic Characteristics of the Study
Population
A total of 185 patients were recruited during the 6-month study
period. Nine patients were excluded from the study because they
were referred to another health care facility shortly after they were
taken to the Emergency ICU and five patients were excluded as
they left the ICU voluntarily. The blood samples of the remaining
171 patients were collected for biochemical analysis. During the
biochemical analysis, since the blood samples of the two patients
were not appropriate (grossly hemolyzed), the levels of IAP, IL-6, TAS,
and TOS were not measured. Eight patients were excluded from the
statistical evaluation as they were referred to another health care
facility during the ICU follow-up and clinical outcome information
could not be obtained. A total of 161 patients were included in the
statistical evaluation (Fig. 1).

Biochemical Analysis
IAP and IL-6 levels of the samples preserved in appropriate
conditions were measured with respective ELISA kits (Human
IAP ELISA kit, Sunred Biological Technology Co. Ltd., Shanghai,
China and Human IL-6 ELISA Kit, Boster Biological Technology,
Pleasanton, USA); TOS and TAS levels were measured using Real
Assay Diagnostics Total oxidant status (TOS) and total antioxidant
status (TAS) kits. The oxidative stress index (OSI) was calculated
using the following formula:
OSI = [ TOS (μmol Trolox equiv. /L)/ TAS (μmol H2O2
equiv./L)] × 100.
The Oxidative Stress Handbook published by the manufacturer of
TOS and TAS kits (Real Assay Diagnostics) to guide measurements of
TOS and TAS levels and evaluate the results mentions 9 stage clinical
status interpretations (best level, very good level, good level, normal
level, balance, immunity disorders, oxidative stress, high oxidative
stress, and very high oxidative stress) which can be provided with the
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Fig. 1: Study flow chart
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The mean age of finally included 161 patients in this study was
66.5 ± 17.1 years and 82 patients (50.9%) were males. The leading
comorbidities were hypertension (30.4%), diabetes mellitus (22.4%),
and renal failure (20.5%). The mean acute physiology and chronic
health evaluation II (APACHE II) score of the patients was 23.98 ± 8.43
and the mean sequential organ failure assessment (SOFA) score was
6.26 ± 4.11. Of 161 patients, 43 (26.7%) patients required MV within
the first three days and the overall in-hospital mortality rate was
34.2%. The demographic characteristics and biomarker levels of
all patients included in the current study are shown in Table 1. The
oxidative stress status of all patients is shown in Table 2.

n = 161

TAS**

<5.00
0 (0.0%)
>2.00
(Best level)
0 (0.0%)
1.45–2.00 (Very good
level)
3 (1.9%)
<1.45
(Immunity
disorders)

TOS*
5.00–8.00
0 (0.0%)
(Good level)

>8.00
0 (0.0%)
(Balance)
29 (18.0%)
1 (0.06%)
(High oxidative
(Normal level)
stress)
123 (76.4%)
5 (3.1%)
(Very high
(Oxidative stress)
oxidative stress)

*TOS: total oxidant status, μmol H2O2 equiv./L; **TAS: total antioxidant
status, mmol Trolox equiv./L, Data presented as n (%)

Table 1: Characteristics of the study population
Parameters
Age, years
Gender, n (%)
Male
Female
Comorbidity, n (%)
Hypertension
Diabetes mellitus
Renal failure
Coronary artery disease
Cerebrovascular disease
Respiratory diseases
Malignancy
Heart failure
Others
APACHE II score
SOFA score
The need for early mechanical
ventilation, n (%)
The length of stay in ICU, days
The length of stay in hospital, days
In-hospital mortality, n (%)
IL-6, pg/mL*
IAP, µg/mL*
TAS, mmol Trolox equiv./L*
TOS, μmol H2O2 equiv./L*
OSI*

Table 2: Oxidative stress status of the patients

(n = 161)
66.5 ± 17.1

Table 3: Comparison of patients groups in terms of requirement of early
mechanical ventilation

82 (50.9)
79 (49.1)

Parameters
Age, years
Gender, n (%)
Male
Female
Comorbidity, n (%)
Hypertension
Diabetes mellitus
Renal failure
Coronary artery disease
Cerebrovascular disease
Respiratory diseases
Malignancy
Heart failure
Others
APACHE II score
SOFA score
The length of stay in ICU,
days
The length of stay in
hospital, days
In-hospital mortality, n
(%)
IL-6, pg/mL*

49 (30.4)
36 (22.4)
33 (20.5)
29 (18.0)
27 (16.8)
21 (13.0)
19 (11.8)
18 (11.2)
36 (22.4)
23.98 ± 8.43
6.26 ± 4.11
43 (26.7)
8.15 ± 11.47
11.86 ± 12.23
55 (34.2)
18.01 (4.89–63.86)
315.30 (249.80–340.50)
1.19 (0.96–1.39)
22.92 (14.78–36.76)
2.06 (1.23–3.35)

*Data presented as median (25–75%); IL-6, interleukin-6; IAP, immunosuppressive acidic protein; TAS, total antioxidant status; TOS, total oxidant status; OSI, oxidative stress index

Comparison of the Patient Groups Required and Not
Required Early Mechanical Ventilation
There was no significant difference in terms of age and gender
between the groups required and not required early MV (p = 0.356
and p = 0.269, respectively). Early MV rates were higher in patients with
underlying respiratory diseases (p < 0.001). The mean APACHE II and
SOFA scores of the patients who required early MV were significantly
higher than the patients not required early MV (p < 0.001, for both). The
in-hospital mortality rate was significantly higher in the patients who
required early MV than in the patients not required early MV (p < 0.001).
The median IL-6 levels of patients who required early MV were
significantly higher than the patients not required early MV (p < 0.001),
whereas the median IAP levels were not significantly different between
the groups (p = 0.464). No statistically significant difference was

Non-MV group MV group
(n = 118)
(n = 43)
p-value
67.21 ± 16.31 64.40 ± 19.08 0.356
57 (48.3)
61 (51.7)

25 (58.1)
18 (41.9)

0.269

41 (34.7)
28 (23.7)
29 (24.6)
22 (18.6)
20 (16.9)
8 (6.8)
15 (12.7)
12 (10.2)
26 (22.0)
22.19 ± 6.65
5 (3–7)
4 (2–7)

8 (18.6)
8 (18.6)
4 (9.3)
7 (16.3)
7 (16.3)
13 (30.2)
4 (9.3)
6 (14.0)
10 (23.3)
28.91 ± 10.64
9 (6–13)
8 (3–14)

0.049
0.490
0.034
0.730
0.920
<0.001
0.553
0.500
0.869
<0.001
<0.001
0.002

8 (5–14)

9 (4–17)

0.616

27 (22.9)

28 (65.1)

<0.001

45.04 (15.63–
671.94)
307.50
(248.10–
338.20)
1.23
(1.05–1.44)
30.26(18.87–
53.46)
2.68
(1.36–4.49)

<0.001

14.12
(2.96–36.96)
IAP, µg/mL*
320.40
(250.88–
341.13)
TAS, mmol Trolox
1.18
equiv./L*
(0.95–1.35)
TOS, μmol H2O2 equiv./L* 19.86
(13.76–33.27)
OSI*
1.82
(1.15–3.04)

0.464
0.172
0.003
0.021

*Data presented as median (25–75%); IL-6, interleukin-6; IAP, immunosuppressive acidic protein; TAS, total antioxidant status; TOS, total oxidant status; OSI, oxidative stress index; MV, mechanical ventilation

observed between the two groups in terms of TAS levels (p = 0.172), but
the median TOS and OSI levels of the patients who required early MV
were more statistically significant than the patients not required early
MV (p = 0.003 and p = 0.021, respectively). A comparison of patients
required and not required early MV is shown in Table 3.
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Table 4: Comparison of survivors and non-survivors
Parameters
Age, years
Gender, n (%)
Male
Female
Comorbidity, n (%)
Hypertension
Diabetes mellitus
Renal failure
Coronary artery disease
Cerebrovascular disease
Respiratory diseases
Malignancy
Heart failure
Others
APACHE II score
SOFA score
The length of stay in ICU,
days
The length of stay in
hospital, days

Survivors
Non-survivors
(n = 106)
(n = 55)
65.33 ± 18.57 68.64 ± 13.64
55 (51.9)
51 (48.1)

27 (49.1)
28 (50.9)

0.736

36 (34.0)
25 (23.6)
23 (21.7)
18 (17.0)
18 (17.0)
16 (15.1)
13 (12.3)
11 (10.4)
24 (22.6)
21.20 ± 6.72
5 (2–6)

13 (23.6)
11 (20.0)
10 (18.2)
11 (20.0)
9 (16.4)
5 (9.1)
6 (10.9)
7 (12.7)
12 (21.8)
29.35 ± 8.83
9 (6–13)

0.177
0.605
0.600
0.636
0.921
0.283
0.800
0.654
0.905
<0.001
<0.001

3 (2–6)

9 (3–16)

<0.001

8 (5–13)

9 (4–17)

0.608

10.64
(2.72–25.27)
321.70
(252.50–
IAP, µg/mL*
341.13)
TAS, mmol Trolox
1.13
equiv./L*
(0.95–1.30)
19.86
TOS, μmol H2O2 equiv./L* (13.40–33.36)
1.94
OSI*
(1.21–3.27)
IL-6, pg/mL*

p-value
<0.001

95.75
(22.08–637.58)
312.60
(242.30–
340.30)
1.33
(1.03–1.48)
26.47
(15.89–48.22)
2.26
(1.23–4.23)

<0.001
0.340
0.001
0.024
0.207

*Data presented as median (25–75%); IL-6, interleukin-6; IAP, immunosuppressive acidic protein; TAS, total antioxidant status; TOS, total oxidant status; OSI, oxidative stress index; MV, mechanical ventilation

Comparison of the survivors and Non-survivors
The mean age of the non-survivors was significantly higher than the
survivors (p < 0.001). There was no statistically significant difference
in terms of comorbidities between non-survivors and survivors
(p > 0.05 for all). The mean APACHE II and SOFA scores of the nonsurvivors were significantly higher than the survivors (p < 0.001, for
both). No statistically significant difference was found between the
two groups in terms of length of stay in the hospital (p = 0.608).
The median IL-6 levels of the non-survivors were significantly
higher than the survivors (p < 0.001), while there was no statistically
significant difference noticed between the patient groups in terms
of the median IAP levels (p = 0.340). The median TAS and TOS levels
of the non-survivors were more statistically significant than the
survivors (p = 0.001 and p = 0.024, respectively). No statistically
significant difference was found in OSI levels between the patient
groups (p = 0.207). A comparison of the survivors and non-survivors
is shown in Table 4.
The AUCs of IL-6 and TOS levels for predicting in-hospital
mortality were 0.819 ± 0.038 (95% CI, 0.745–0.893) and 0.608 ± 0.048
(95% CI, 0.515–0.702), respectively (Fig. 2). In predicting in-hospital
mortality, IL-6 showed a sensitivity of 73% and a specificity of 77%
408

Fig. 2: The ROC curves of interleukin-6 (IL-6) and total oxidant status
(TOS) in terms of predicting in-hospital mortality

with a cut-off value of 26.0 pg/mL, whereas TOS had a sensitivity
of 67% and a specificity of 57% with a cut-off value of 22.6 μmol
H2O2 equiv./L.

Discussion
In our study, serum IAP levels were measured to evaluate the
immunosuppression level. Serum IL-6 levels were measured to
evaluate the inflammation level, and serum TOS and TAS levels
were measured to evaluate the oxidative stress level in critically ill
emergency department patients.
In our study, no statistically significant difference was found
between the patient groups in terms of IAP levels for both main
outcomes. To the best of our knowledge, this is the first study
in the literature that evaluates the level of IAP in non-cancer ICU
patients. There is no well-defined range of normal values of IAP
levels in the literature. Toiyama et al. used 80 healthy volunteers
as the control group and reported the mean IAP levels of the
control group as 274.6 ± 64.4 µg/mL.21 Several studies have shown
the relationship between serum IAP levels and survival in cancer
patients in the literature; however, there is no agreed cut-off point
for poor prognosis. It has been reported that cut-off values between
400 and 580 μg/mL are associated with poor prognosis in cancer
patients.6,21,22 Our findings suggest that serum IAP levels measured
on admission to ICU are an ineffective predictor of in-hospital
mortality. Our findings also strengthen the idea that the first and
only one measured IAP level in general intensive care patients are
useless in predicting the need for early MV.
In our study, the blood samples were collected on admission to
ICU to measure IAP levels. Our results reflect the IAP levels for the
early days of acute physiological stress. In our study, the median
IAP levels of patients were measured as 315.3 μg/mL and this value
was slightly higher than the mean IAP levels detected in healthy
volunteers, but it was significantly lower than the other patients’
groups with poor prognosis cut-off values. There are few studies
in the literature evaluating the change of IAP levels in time in acute
diseases. Ogawa et al., in their study on the effects of surgical stress
on cellular immunity, reported that the serum IAP levels decreased
below the basal level immediately after the surgery, increased
above the basal level after 2 days, and returned to the basal level
after 2 weeks.11 Shinzeki et al. reported that the IAP reached peak
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levels on the 7th day in patients with mild pancreatitis and the 3rd
day in patients with severe pancreatitis. However, the peak IAP levels
of patients with severe pancreatitis were lower than the patients
with mild pancreatitis.10 Our findings support the idea that IAP levels
decrease in the early days of acute physiological stress, but could
not investigate the changes in IAP levels against time.
In the available literature, there is only one study in which serum
IAP levels are investigated in acute inflammatory disease. Shinzeki et
al. reported that the serum IAP levels were higher than 500 μg/mL on
admission in 88.1% of patients with acute pancreatitis. However, in
the same study, serum IAP levels of the patients who were admitted
to the hospital within the first 24 hours after the onset of symptoms
were statistically significantly lower than the patients who were
admitted within 24–48 hours and 48–72 hours after the onset of
symptoms and 4 (80%) of the 5 patients with normal IAP were in the
first 24-hour group.10 Of the 161 patients in our study, only 19 (12%)
patients had IAP values >500 μg/mL. Our findings contradict the
previous finding by Shinzeki et al. that IAP is elevated in the acute
inflammatory state . However, we think that this difference occurs
since one day is not enough for IAP synthesis and release in the case
of acute physiological stress. Shinzeki et al. detected no IAP elevation
in 80% of patients admitted in the first 24 hours.10
In our study, serum IL-6 levels were statistically significantly
higher in patients who required early MV than in patients not required
early MV. The AUC value of IL-6 in predicting in-hospital mortality of
ICU patients was 0.819 and the optimum cut-off value was 26.0 pg/
mL. Several studies in the literature showed that IL-6 is a useful
prognostic indicator in ICU patients.24–26 In the study conducted on
patients undergoing major thoracic surgery by Fink-Neuboeck et al.,
the peak level of serum IL-6 levels was reported to be higher in the
general patient group one day after the surgical operation and in
patients with systemic inflammatory response syndrome.25 Similar to
Fink-Neuboeck et al., our study findings showed that serum IL-6 levels
are elevated in the early stage of acute physiological stress and are
directly related to prognosis. Our findings suggest that IL-6 is a strong
prognostic marker in predicting in-hospital mortality and that a lower
threshold value of 25 pg/mL for in-hospital mortality estimation may
contribute to patient care in general intensive care units.
In our study, the median IL-6 level measured on ICU admission
was 3 times higher than normal, but there was no significant
correlation between IAP and IL-6 levels. Our results show that
despite an elevation in serum IL-6 levels in the early days of
acute physiological stress, IAP levels did not increase. The data
presenting all possible pathways associated with elevation of
serum IAP levels in the blood and reporting the time relationship
between secretion of cytokines and IAP synthesis are not available
in the literature yet. Our results suggest that there may be a few
days difference between the elevation of IL-6 levels in the blood
and IAP synthesis and release to blood during acute physiological
stress, but this hypothesis should be investigated with appropriate
design studies.
Oxidative stress is defined as the deterioration of the balance
between reactive oxygen species and the antioxidant capacity
of an organism.20 In our study, the median TAS level was found
as 1.19 mmol Trolox Equiv./L, and TOS level as 22.92 μmol
H2O2 equiv./L in the patient population. Furthermore, general ICU
patients showed a very high oxidative burden and low antioxidant
status during ICU admission, independently from etiology. In
addition, approximately 95% of our patients were in the high
oxidative stress or very high oxidative stress group and general
ICU patients were under high oxidative stress.

It has been reported that oxidative stress is a common
pathophysiological pathway of many diseases.14–16 Dur et al., in a
study on patients with acute pancreatitis, reported that TOS levels
of acute pancreatitis are higher than healthy volunteers and TAS
levels are lower than healthy volunteers.17 Atik et al. in their study
on patients with acute stroke in the emergency documented that
the patients with acute stroke had higher levels of TOS and OSI than
normal healthy individuals.27
In our study, the mean TOS and OSI values of the patients who
required early MV were found more statistically significant than
those not required early MV with no statistically significant difference
between the two groups in terms of TAS levels. These findings
suggest that early period morbidities may be more common in
general ICU patients with higher oxidative stress burden.
In our study, the mean TAS and TOS levels of the non-survivors
were significantly higher than the survivors, but there was no
statistically significant difference between the survivors and the nonsurvivors in terms of OSI values. We also observed that TAS levels are
not useful in terms of showing in-hospital mortality in ICU patients.
Although the balance between TOS and TAS (OSI) is not useful to
discriminate the patients with a high risk of in-hospital mortality, the
increased TOS levels show that the patients with increased oxidative
stress burden have more in-hospital mortality. Our results should be
reevaluated with further studies on larger populations.

C o n c lu s i o n
Our results show that the level of IAP measured on admission to ICU
in critically ill patients is ineffective in predicting the need for early
MV and in-hospital mortality. Furthermore, IL-6 is a strong prognostic
indicator in predicting in-hospital mortality, and the lower threshold
values such as 25 pg/mL for in-hospital mortality estimation may
contribute to patient care in general ICUs. Our findings show that the
burden of oxidative stress is high in general ICU patients.

Clinical Significances
Our study shows that increased oxidative stress is the major
problem in critically ill patients. If proper and timely measures are
taken to reduce oxidative stress by physicians, the prognosis of
critically ill patients will be better.
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