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ABSTRACT

Purpose: Pulmonary embolism (PE) is a serious clinical condition and difficult to be diagnosed. The aim
of the present study was to evaluate plasma adropin and ischemia-modified albumin (IMA) levels in the
patients with PE.

Methods: The study consisted of 109 participants, including 50 patients with PE and 59 healthy
individuals. The patients diagnosed with PE through computed tomography pulmonary angiography
(CTPA) were included into the study. Plasma adropin and IMA concentrations were measured by an
enzyme-linked immunosorbent assay kit.

Results: The patients with PE had higher plasma adropin (607.5£205.1 ng/mL) and lower IMA
(2128.6+801.8 ng/mL) levels, compared with those in the controls (505.5+231.3 ng/mL and
2466.9+1044.9 ng/mL, respectively); however, the difference was not significant. In the study, we found
a weak and negative correlation between adropin and IMA levels in the patients with PE (p=0.020, r=-
0.348).

Conclusions: In our study among the patients with PE, there was no significant difference between
adropin and IMA levels, although plasma atropin concentrations were high, and IMA concentrations were
low. So, we consider that both IMA and adropin are inappropriate markers for the diagnosis of PE.

Keywords: Adropin, ischemia-modified albumin, oxidative stress, pulmonary embolism, receiver
operating characteristics

INTRODUCTION

Pulmonary embolism (PE) is a serious clinical
condition, resulting from the obstruction of the
pulmonary arteries or related branches due to the
thrombus caused by leg deep veins (1,2). Circulatory
instability, hypoperfusion, hypoxia and ischemia
occur due to the failure of pulmonary circulation
caused by pulmonary embolism. The etiological
causes of PE are evaluated into two parts as inherited
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and acquired. Among the etiological mechanisms,
vascular endothelial damage, hypercoagulability and
stasis can be assessed as the primary causes.
Although the mortality rate in patients with PE is high,
the rate is decreased among the cases treated
appropriately and promptly, and with the help of
accurate diagnosis (2-4). The first factor to help
physicians diagnose PE is the clinical findings of PE
displayed by the patient and suspected by the
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clinician (3,5). The number of publications related to
clinical practice has been increased according to the
guidelines published by the European Society of
Cardiology (6). However, the diagnosis of venous
thromboembolism and PE still remains as a challenge
because of non-specific conditions, and because the
symptoms of the accompanying diseases can mask
the clinical picture (7,8). The initial assessment and
suspecting at pre-diagnosis by the healthcare worker
are of critical importance to identify PE, and
computed tomography pulmonary angiography
(CTPA) is also the most sensitive and accurate
diagnostic method for highly probable cases. Since
none of the laboratory tests can achieve a definitive
diagnosis of PE, healthcare professionals must rely
on the pulmonary angiography and CTPA (9,10). In
order to reduce the number of complex imaging
techniques, reliable, simple and novel techniques are
needed to diagnose PE.

Adropin is a 76-amino-acid-including hormone, and
expressed in the brain and liver by the energy
homeostasis-associated gene (11,12). Based on
literature, adropin has also been associated with
multiple diseases, including diabetes mellitus (DM),
myocardial infarction, coronary atherosclerosis,
obesity and non-alcoholic fatty liver disease (13,14).
The role and effects of adropin on glucose, insulin
sensitivity and lipid homeostasis were first described
in 2008 by Kumar et al. and later in 2014 by Aydin
(15,16). Although the mechanism of adropin still
remains unelucidated, it is known that adropin has
several effects on cardiovascular system, and
metabolic and vascular homeostasis (17,18).
Endothelial cells regulate vascular homeostasis, and
any change in the functional and morphological
structure of the endothelium brings about the loss of
normal  physiological processes, known as
endothelial dysfunction (19,20). Low levels of adropin
are considered to cause endothelial damage and
dysfunction (17). The protective function of adropin in
the endothelium has been demonstrated in a study
performed by Lovren et al. in 2010 (19).

The N-terminal end of amino acid in albumin has a
capacity to bind to heavy metals, such as copper,
nickel and cobalt (21). In such pathological conditions
as energy-induced membrane destruction, exposure
to free iron and copper, acidosis and hypoxia, and a
free radical damage developing in ischemia, the
binding capacity of metals to the N-terminal domain
of albumin is decreased (18,22). Ischemia-modified
albumin (IMA) is formed by albumin modification
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caused by reactive oxygen derivatives due to
ischemia. IMA is used as a sensitive biochemical
marker of ischemia and oxidative stress caused by
tissue hypoxia (23,24). In previous studies, it was
reported that IMA levels increase among patients with
ischemia, acute rheumatic fever, hepatic failure,
chronic obstructive pulmonary disease (COPD) and
cerebro-vascular disease. The common feature of all
these conditions is that such disorders present with
increased reactive oxygen radicals (22,25).
Therefore, the patients with lower levels of IMA can
be categorized as low-risk groups, and thereby lower
levels of IMA may help provide major cost-effective
outcomes. In different studies where IMA levels were
measured in those with PE, different outcomes were
reported. While some studies showed IMA levels to
be increased, others stated that no changes were
obsereved at the levels of IMA (26,27). Based on
literature, no studies have been encountered,
investigating adropine levels in PE patients. In the
present study, it was aimed to evaluate the levels of
adropin and IMA in PE patients requiring to be
diagnosed and intervened immediately. We consider
that the rapid diagnosis of PE through a non-invasive
biochemical marker will significantly reduce the
mortality and morbidity rates, and that our study will
contribute to literature. Therefore, our study is a
preliminary study aiming to investigate whether
adropin and IMA can be used in the diagnosis,
exclusion and follow-up of PE.

METHODS

Study population

Fifty patients diagnosed with PE in the Department of
Pulmonary Medicine of Konya Education and
Research Hospital between January 2017 and
January 2018, and 59 healthy volunteers were
included into the study. The samples obtained from
the patients and controls during routine procedures
were planned to be used with no further invasive
procedure being undertaken. The control group
consisted of individuals without DM, hypertension,
COPD, or obesity. As exclusion criteria, those with
the history of CAD, abnormal plasma albumin levels
leading to masking actual of IMA levels, chronic renal
failure, significant valvular heart disease, history of
acute and/or chronic infections, malignancies, treated
with any steroidal and non-steroidal anti-inflammatory
drug and not accepting to sign the consent were
excluded out of the study.
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Table 1. Plasma adropin and IMA levels of patients with PE and controls

Characteristics PE (n=50) (median+SD)

Controls (n=59) (median+SD)
p value

(min-max) (min-max)
Adropin (ng/mL) 607.5+205.1 (337.5-1098.5) 500.5+231.3 (150.5-1188.6) 0.178
IMA (ng/mL) 2128.6+801.8 (405.1-3831.9) 2466.9+1044.9 (839.2-5090.1) 0.141

*Significant as to p<0.05 level.

Biochemical analyses

Our study was performed with blood samples taken
immediately after the hospitalization of patients
diagnosed with PE. The drawn blood samples were
centrifuged at 3.000xrpm for 15 min and stored at -80
°C until the enzyme-linked immunosorbent assay
(ELISA) ran. Adropin and IMA levels were measured
simultaneously on the same samples. Adropin
concentrations were measured with the ELISA kit
(Cat. No. 201-12-3107 Sunred Biological Technology
Co., Shanghai, PRC) in light of the manufacturer's
manual. The coefficients of variation (CVs) were <9%
for intra-assay and <11% for inter-assay; the
sensitivity was 4.735 pg/mL, and the assay range was
found as 5-1.000 pg/mL. Plasma IMA concentrations
were measured via the ELISA kit (Cat. No. 201-12-
1173 Sunred Biological Technology Co., Shanghai,
PRC) according to the manufacturer's manual. For
this analysis, the sensitivity was found as 2.226
ng/mL, while the assay range was 3-600 ng/mL.

Statistical analyses

All statistical analyses were performed using
Statistical Package for the Social Sciences package
(SPSS, version 18.0 for Windows, SPSS INC.,
Chicago, IL., USA). The data obtained were
expressed as numbers, percentages, and
meanzstandard deviation (SD). The Kolmogorov-
Smirnov and the Shapiro-Wilk tests were conducted
to evaluate whether the data conformed to the normal
distribution. The normality test was performed, and
the parametric tests were used for normally
distributed variables (p>0.05), while the non-
parametric tests were utilized for not normally
distributed variables (p<0.05). The independent
sampling t test was used for comparing the
continuous variables with the normal distributions
between the groups. The Mann-Whitney U test was
used to compare intergroup non-parametric
variables. The Pearson test was used for the
correlation of parametric data. The association
between the continuous variables was analyzed
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using the non-parametric Spearman correlation test
in the cases where the data were not consistent with
the normal distributions. The receiver operating
characteristics (ROC) curve was used to determine
the sensitivity and specificity of adropin and IMA, and
the cut-off values in predicting PE. A p<0.05 was
considered to indicate statistical significance.

RESULTS

The plasma adropin and IMA levels of PE patients
and controls are shown in Table 1. The patients with
PE had higher plasma adropin levels (607.5+205.1
ng/mL) and lower IMA levels (2128.6+801.8 ng/mL),
compared with those of controls (500.5+231.3 and
2466.91£1044.9, respectively), but the difference was
not significant (p=0.178, p=0.141, respectively). A
weak and negative correlation was found between the
adropin and IMA levels in patients with PE (p=0.020,
r=- 0.348).

On diagnostic performance analysis, the ROC curve
demonstrated the cut-off value of adropin as 450 or
higher, the sensitivity level as 81.8%, the specificity
as 36.4%, positive predictive value as 56.3 % and
negative predictive value as 66.7 % in terms of PE
(area under curve (AUC)= 0.583; 95% confidence
interval (Cl)=0.463-0.704)). On the other hand, the
cut-off value of IMA was found as 1761, the sensitivity
level as 72.7%, the specificity as 29.5%, positive
predictive value as 50.8 %, while the negative
predictive value was observed as 52.0 % in terms of
PE (AUC= 0.436; 95% CI1=0.314-0.559) (Figure).

DISCUSSION

In this study, no statistically significant difference was
found between the patient and control groups in terms
of adropin levels. A weak and negative correlation
was found between adropin and IMA levels in patients
with PE (r = -0.348), as a significant finding. To the
best of our knowledge, there is no study in literature
focusing on the relation between adropin and PE, as
parallel to our results. Initially, we considered that
endothelial dysfunction developing in PE would have
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an influence on adropin, but we noticed in later stages
that limited number of study population, insufficient
information in other studies were the limitations
preventing us to elucidate why adropin levels were
higher in PE patients. We have no information about
whether other unknown factors, except for the
endothelial dysfunction, play a role in the
etiopathogenesis of our PE patients.

IMA is accepted as a marker of oxidative stress. In
the presence of acute clots, an increase is seen at D-
dimer levels in plasma due to the simultaneous
activation of the fibrinolytic system by coagulation.
Although the sensitivity of the D-dimer test is high, its
specificity is low (24,27). In several studies, it was
reported that IMA is a more sensitive test, compared
with D-dimer, in the diagnosis of PE (28,29). In
another study performed with 60 individuals
(including 30 patients and 30 controls), Turedi et al.
reported that IMA levels were markedly higher in
97.7% of PE patients (29). As parallel to the findings
reported by Turedi et al., plasma IMA levels were
demonstrated to be significantly higher in patients
with PE than healthy controls in the study by Kaya et
al. (p= 0.001) (27). Unlike the findings in these
studies, although plasma IMA levels were lower in
patients with PE than those among controls, no
significant difference was found in our study (p=
0.141). In the study by Turedi et al. (2008), however,
the AUC was calculated for IMA as 0.889 in patients
with PE (29). Even so, since mean IMA levels and
overall distribution within patient group had a
downward tendency compared to controls in our
study, the AUC for IMA was found to be <0.5 in the
ROC analysis. The number of studies showing the
diagnostic value of IMA in PE patients is limited. In
several studies, either increased or unchanged IMA
levels have been reported in patients with PE (27-29).
Compared the plasma IMA levels between PE
patients and healthy subjects, no statistically
significant difference was found in our study.
Although no difference was found in terms of IMA
levels in our PE patients, we consider that the
reasons why the levels were reported significantly
higher in previous studies were the methodological
alterations and the number of participants.

While the albumin levels of the patients ranging
between 3.5-5.5 mg/dL were evaluated in other
studies, all patients with PE were evaluated in our
study without taking the range into consideration.
Considering also the underlying diseases in PE
patients, hypoalbuminemia is an expected clinical
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condition. Therefore, we consider that
hypoalbuminemic patients should not be excluded out
of the study. In some studies, IMA levels are given as
absorbance values (22, 27-29). However, IMA levels
were measured as ng/mL. As well as
hypoalbuminemia, as another reason for the
inconsistency between the findings reported in other
studies (28,29) and those in our study, the culprits
may be the presence of underlying diseases in
patients with PE, such as malignancies, infections
and vascular diseases. Such ailments are known to
cause a decrease in albumin levels and an increase
in oxidative stress.

CONCLUSION

It is important to use a marker for diagnosing PE and
showing the changes according to the size of
ischemia immediately after ischemia-induced events.
Based on our study findings, we consider that adropin
cannot be used as a reliable marker in the diagnosis
of PE, and IMA provides only limited benefits, and
that further comprehensive studies are required to
demonstrate whether IMA can be used as a marker
to diagnose PE by evaluating the albumin unit of
ABSU/gr in terms of plasma albumin levels.

Limitations of the Study

In our study, the first limitation was the small sample
size. Secondly, the study was conducted in a single-
center. In addition, no procedures were performed to
assess the antioxidant parameters, such as lipid
hydroperoxides, as to patients’ daily diet although
those taking vitamin supplements were excluded.
Although there are few studies evaluating the effects
of IMA on PE, no studies investigating the effects of
adropin on PE were found, and therefore, we could
find no sources to compare our findings.
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