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Abstract

Background: This study aims to investigate the diagnostic accuracy of adropin as a biomarker to exclude the diag-
nosis of acute pulmonary embolism (PE).

Methods: Patients admitted to the emergency department of a tertiary health centre between August 2019 and
August 2020 and diagnosed with PE were included in this prospective cohort study. The amount of serum adropin
was determined in patients with (PE) and compared with that of healthy volunteers. Receiver operating characteristic
analysis was performed with the obtained data, and the area under the curve (AUC) with a 95% confidence interval

AUC: 0.821).

study results.

was determined. The parameters of diagnostic accuracy for PE were determined.

Results: A total of 57 participants were included in the study (28 controls and 29 PE patients). The mean adro-

pin level in the PE group was 187.33 +62.40 pg/ml, which was significantly lower than that in the control group
(524.06 £421.68 pg/ml) (p <0.001). When the optimal adropin cut-off value was 213.78 pg/ml|, the likelihood ratio of
the adropin test was 3.4, and the sensitivity of the adropin test at this value was 82% with specificity of 75% (95% Cl;

Conclusion: Our results suggest that adropin may be considered for further study as a candidate marker for the
exclusion of the diagnosis of PE. However, more research is required to verify and support the generalizability of our
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Background

Acute pulmonary embolism (PE) occurs due to sudden
vasoconstriction or obstruction of the pulmonary arter-
ies, which most often results from a thrombus that origi-
nates from the deep leg veins [1, 2]. The disorder presents
with frequent symptoms of sudden dyspnoea, stinging
chest pain, tachycardia, cyanosis, syncope, and occa-
sional lower extremity swelling accompanied by pain [2].

*Correspondence: serhatorun@gmail.com

! Emergency Medicine Department, Namik Kemal University Medicine
Faculty, Tekirdag, Turkey
Full list of author information is available at the end of the article

B BMC

However, the condition is difficult to diagnose owing to
a lack of specific symptoms and clinical signs. Although
PE is an acute life-threatening condition, it is potentially
reversible. Therefore, an early and accurate diagnosis of
PE along with effective thrombolytic treatment is of the
utmost importance.

Computed tomography pulmonary angiography
(CTPA) is the gold standard method for the diagnosis of
PE due to its easy accessibility, applicability and diagnos-
tic accuracy [3]. However, the clinical application for this
method has disadvantages due to the associated radia-
tion exposure, the use of radio-opaque materials, and
the need for a skilled operator. These disadvantages of
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radiographic imaging highlight the importance of using
biomarkers and laboratory facilities for diagnostic pur-
poses. Recent advances in biotechnology have engen-
dered the detection of new biomarkers in the laboratory,
such as adropin.

Adropin is a polypeptide consisting of a total of 76
amino acids, including the first 33 amino acids of the sig-
nal peptide, and has a molecular weight of 4999 Da [4, 5].
It is a small polypeptide and plays an important role in
inflammation and some metabolic events [6]. Few stud-
ies have suggested the use of adropin as a biomarker in
patients suffering from conditions associated with cel-
lular hypoxia and destruction, such as acute myocardial
infarction [7, 8].

This study aimed to determine the diagnostic accuracy
of adropin to exclude the diagnosis of acute PE, which is
characterized by cellular ischaemia and necrosis due to
obstruction from a thrombus.

Methods

Ethics approval and informed consent

Ethical approval for this study was obtained from the
noninvasive clinical research ethics committee of a local
university (registration number—2019.185.10.06). Writ-
ten informed consent was obtained from all patients and
healthy volunteers who agreed to participate. The report-
ing of this study conforms to the STARD guidelines.

Study design and participants

This prospective study was conducted in a university ter-
tiary care hospital. Consecutive patients above the age of
18 years presenting to the emergency department (ED)
between August 1, 2019 and August 1, 2020 who were
diagnosed with pulmonary embolism based on the detec-
tion of a thrombus in CTPA were included in this study.
Patients who were pregnant, had a history of malig-
nancy, did not have CTPA imaging, referred to our cen-
tre with a confirmed diagnosis, and those who required
cardiopulmonary resuscitation were excluded from the
study. Healthy volunteers of similar age and gender were
selected for the comparison group.

When the diagnosis of PE was confirmed in the ED,
5-ml blood samples were obtained from all included
patients before the patients were admitted to the hospi-
tal and placed in red capped tubes (empty dry tubes, sil-
icone-coated tubes). The tubes were then centrifuged at
3000 rpm for 15 min to separate the serum. The serum
samples obtained were kept at -80 °C. Collected samples
were brought to room temperature on the day of analy-
sis, and serum adropin levels were analysed using the
enzyme-linked immune sorbent assay method. Com-
mercially available kits from Sino Gene Clon Biotech Co.,
Ltd. Hangzhou, China (catalogue no: SG-11594) were
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used for the study; the kits had intra-assay and interassay
CV values of < 8% and < 10%, respectively.

CTPA imaging was used as the reference standard
in this study. For imaging, patients were placed in the
supine position. During imaging, patients were asked
to take a deep breath and hold for 5-10 s. A GE Bright
Speed Model 16 detector device was used for the proce-
dure, and 0.8 cc/kg contrast agent was applied under 4
psi pressure.

Additionally, age, sex, presenting complaint, Geneva
and Wells’ probability category score, bedside transtho-
racic echocardiography (TTE) findings, D-dimer, CRP
levels, high-sensitivity troponin and arterial blood gas
analysis for all patients were obtained and saved in their
case report forms specifically designed for the study.

The laboratory technician evaluating the adropin test
was not informed of the final diagnosis, clinical find-
ings and CTPA results for each patient. The physician
assigned to diagnose the patients in the ED and evaluate
the CTPA images had not been informed about the adro-
pin levels, which had yet to be evaluated.

To evaluate the efficacy of adropin, blood samples from
diagnosed PE patients were compared to healthy volun-
teers with no active complaints and without any history
of chronic disease. The treatment planned for any patient
was not changed or delayed during the conduct of the
study.

Before conducting the study, a similar study in the lit-
erature was used to estimate a sample size that would
increase the power of the study above 80%. After the
study began, it was confirmed that the sample size
increased the power of the study above 80%.

Statistical analyses

Statistical analyses were performed using Statistical Pro-
gram for the Social Sciences version 18.0 (IBM, Inc.) and
Analyse-it (Analyse-it Software, Ltd). The Kolmogorov—
Smirnov test was used to assess the normality of the dis-
tribution of the adropin levels and PE parameters, and
the Mann—Whitney U test was used to compare the PE
and control groups. Pearson’s chi-squared test was used
to determine the relationship between gender and PE
variables and age and PE variables. Continuous variables
were expressed as either the mean + standard deviation
or the median (min—max), and the Mann—Whitney U test
was used to determine relationships between continuous
variables. Categorical values were expressed as absolute
numbers and percentages. A value of p <0.05 was consid-
ered statistically significant. Receiver operating charac-
teristic (ROC) analysis was specified with 95% confidence
intervals (95% CIs) and AUC values. The cut-off value
was determined according to the likelihood ratio.
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Results

A total of 29 PE patients (average
age=64.48 £12.73 years) and 28 healthy controls (aver-
age age =61.69+27.22 years) were included in this study.
In the PE group, 19 (65.5%) were females and 10 (34.5%)
were males, while the control group had 12 females and
16 males. There was no statistically significant differ-
ence in age or sex between the PE and control groups
(Table 1).

The presenting complaints on admission for the 29
patients in the PE group were dyspnoea (n=17, 58.6%),
chest pain (n=38, 27.8%), weakness (n=2, 6.8%), tachy-
cardia (n=1, 3.4%), back pain (n=1, 3.4%), and cough
and haemoptysis (n=1, 3.4%) (Table 2). In the PE group,
the median value for D-dimer was 5.92 mg/L (0.81-35),
the median CRP level was 39.5 mg/L (2.75-239), and
the median troponin value was 55 ng/L (4-231). Fur-
thermore, there was no correlation between adropin and
D-dimer levels, CRP levels, or troponin levels (p=0.2,
p=0.2, p=0.2, respectively). The laboratory results for
the PE patients are sown in Table 3.

Among the 29 PE patients, 3 (10.3%) were in the
low-probability group, 20 (69%) were in the inter-
mediate-probability group, and 6 (20.7%) were in the
high-probability group according to the Genova scor-
ing system. The correlation between adropin levels and
Genova score was statistically nonsignificant (p=0.26).
When the same patients were analysed using the Wells’
scoring system, 2 of them (6.9%) were at low risk, 25
(86.2%) were at intermediate risk, and 2 (6.9%) were at
high risk. When the same patients were analysed using
the European Society of Cardiology risk scoring system, 5
of them (17.2%) were at low risk, 14 (48.3%) were at inter-
mediate risk, and 10 (34.5%) were at high risk. The cor-
relation between scoring systems—adropin and D-dimer
levels—was also nonsignificant (p>0.05 in all groups)
(Table 4).

Among the TTE findings, the right ventricle/left ven-
tricle diameter ratio (RV/LV) was below 0.9 in 9 (15.8%)
of the PE cases. Right ventricle wall thickness (RVWT)

Table 1 Comparison of the demographic characteristics of the
embolism and control groups

n (%) p
Sex
PE group (Female) 19 (65.5%) 0.07
Control group (Female) 12 (42.8%)
Age
PE group 6448+12.73 0.12
Control group 61.69427.22

PE, pulmonary embolism
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Table 2 Complaints of PE group admission to the emergency

room

Complaints n (%)
Dyspnea 17 (58.6%)
Chest pain 8 (27.8%)
Weakness 2 (6.8%)
Tachycardia 1 (3.4%)
Backpain 2 (6.8%)
Syncope 1(3.4%)
Cough 1 (3.4%)
Hemoptysis 1(3.4%)
Fever 1 (3.4%)
Epileptic seizure 1(3.4%)

PE, pulmonary embolism

was measured from the same points in all cases as
standard; RVWT was less than 5 mm in 5 (17.2%)
patients, 5 mm in 10 (34.5%) patients, and greater than
5 mm in 14 (48.3%) PE patients. Pulmonary artery
systolic pressure (PASP) in 13 patients was below
15 mmHg, 15-30 mmHg in 6 patients, and > 30 mmHg
in 10 patients. The RV/LV ratio was below 0.9 in the
entire control group. In addition, the RVWD value
was5 mm in 4 participants and below 5 mm in 24 par-
ticipants. Again, the PASP value was <30 mmHg in the
entire control group (Table 5).

The mean adropin level in the PE group was
187.33 £62.40 pg/ml, compared to 524.06 +421.68 pg/
ml for the control group. The adropin level of the PE

Table 3 Laboratory findings of the PE group and additional
adropin level of control group

Tests Mean +SD
D-dimer mg/L 9.644+9.95
CRP mg/L 67.70£64.38
Troponin ng/L 54.00£45.39
Urea mg/dL 46.04+29.01
Creatinine mg/dL 0.8940.25
WBC 1073/ uL 11.034£3.78
Hg g/dL 1245+£2.17
Platelet 10A3/ uL 224.75+87.03
Ph log[H+1- 7.4540.05
PO2mmHg 69.814+23.83
PCO2mmHg 3512+£870
Ptsn 13.97+£268
Aptt sn 23.92+£3.50
INR Inr 1214+024

PE, pulmonary embolism; WBC, white blood cell; INR, international normalized
ratio
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Table 4 Adropin and d-dimer levels according to scoring systems groups in patients with PE
Tests Genova categorization
Low Intermediate High Between
all
categories
adropin 143.34+35.04 189.27 £66.96 231.964+97.53 p=0.26
d-dimer 10.554+043 947 +£9.96 9.71+£12.54 p=0.96
Wells categorization
Low Intermediate High Between
all
categories
adropin 177.09+8.87 19262+77.16 218.79484.75 p=0.56
d-dimer 30£0 10.51£1048 5.16+3.90 p=0.73
ESC categorization
Low Intermediate High Between
all
categories
adropin 17871+£71.10 175.98 £ 60.66 2249948432 p=032
d-dimer 16.284+5.32 11.64+12.84 466311 p=0.56

PE, pulmonary embolism; ESC, European Society of Cardiology

Table 5 Comparison of adropin values and TTE findings
between PE and control group

Mean+SD Pvalue
Adropin (PE group) pg/ml 187.33+£62.40 <0.001
Adropin (control group) pg/ml 524.061+421.68
RV/LV ratio (PE group) cm 0974017 <0.001
RV/LV ratio (control group) cm 0.7+£0.08
RVWT (PE group) mm 59341.79 <0.001
RVWT (control group) mm 3.714£0.71
PASP (PE group) mmHg 2668+21.10 <0.001
PASP (control group) mmHg 14324222

TTE, trans thoracic echocardiography; PE, pulmonary embolism; RV/LV, right
ventricle/left ventricle; RVWT, Right ventricle wall thickness; PASP, pulmonary
artery systolic pressure

group was found to be significantly lower than that of
the control group (p <0.001) (Table 5).

ROC analysis was performed to determine the optimal
adropin cut-off value, which was 213.78 pg/ml. At this
adropin cut-off value, the sensitivity of the test was 82%
(95% CI; AUC: 0.821), and the specificity was 75%. How-
ever, when the cut-off value was set at 304 pg/ml, the sen-
sitivity of the test was 46%, and the specificity of the test
was 96% (95% CI, AUC: 0.821) (Fig. 1).

After collecting the data, a sample size calculation
was performed, and the power of the study was defined
according to 29 patients and 28 controls. The effect size

calculated on the data of the specified patients was deter-
mined to be 0.7985439. When the a error was accepted
as 0.05, the power of the study was calculated as 84%.

Discussion

This study investigates the performance of adropin as
a biomarker for excluding the diagnosis of acute PE in
patients presenting at the emergency department. Unlike
D-dimer, serum adropin levels have been indicated to
decrease in multiple scenarios and can be evaluated as
potential biomarkers in conditions such as diabetes mel-
litus, arterial hypertension, obesity, sleep apnoea syn-
drome, and even osteoarthritis of the knees [9-12].

In recent guidelines, the increased awareness of various
venous thromboembolic diseases, supplemented essen-
tially with an increased availability of noninvasive imag-
ing tests such as CTPA, encouraged clinicians to suspect
PE more frequently and conduct a diagnostic study to
confirm the diagnosis at an early stage [3]. However, the
cost of unnecessary imaging and the desire to avoid the
negative effects of radiation, while evaluating noninva-
sive diagnostic strategies for PE in recent times, suggest
that PE should be safely excluded in the present patient
population if they have a relatively low pretest possibility
of having the disease [13]. In contrast, it is also empha-
sized that a positive test should have sufficient specificity
to determine the indication for treatment, which is anti-
coagulant treatment in the case of PE [13].
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In the ESC 2019 pulmonary embolism guideline, when
PE is suspected at high risk in a haemodynamically
unstable patient, bedside TTE or CTPA is recommended
for diagnosis, depending on availability and clinical con-
ditions [14]. The study that served as a reference for the
guideline in making this prioritization was shared by
Kucher et al. in 2003. In this study, it was stated that time-
consuming imaging tests that increase the risk of sudden
death and delay the initiation of reperfusion therapy can
be avoided in patients with suspected pulmonary embo-
lism with shock findings; TTE is a highly specific imaging
modality that allows treatment decisions for pulmonary
embolism in the presence of right ventricle dilatation and
systolic dysfunction [15]. Kim et al. stated that TTE has
critical importance in haemodynamic evaluation, and it
may be useful in risk stratification, determination of ther-
apeutic strategy, clinical decision making or evaluation
of prognosis in PE [16]. In our study, bedside TTE was
applied to all patients in the emergency department. We
also think that TTE has critical importance in haemody-
namically unstable high-risk patients with suspected PE
and may help in time-critical decision making.

In the ESC 2019 pulmonary embolism guideline, it is
recommended to use validated criteria for the diagnosis

of PE in haemodynamically stable patients [14]. Stable
patients were triaged again for CTPA imaging preference
based on clinical risk and D-dimer level [14]. The guide-
line states that D-dimer measurement is recommended
in ED patients with low or moderate clinical probability
to reduce the need for unnecessary imaging and radia-
tion and states that it rules out pulmonary embolism
in 30% of outpatients [14, 17-19]. However, it is added
that D-dimer should not be measured in the high clini-
cal probability group, emphasizing that false negative
results are reported in pulmonary embolism patients [14,
20]. In our study, D-dimer levels with standard cut-off
values were measured, and clinical risk classification was
performed in all suspected patients with stable haemody-
namics. We also think that applying triage according to
clinical probability and D-dimer results instead of direct
CTPA in patients with suspected low- and intermedi-
ate-risk pulmonary embolism may reduce unnecessary
imaging.

Awareness among clinicians of the importance of
improving and simplifying acute pulmonary embolism
has led to the testing of different biomarkers in studies
on these issues. In the study by Talay et al., the diagnostic
importance of mean platelet volume (MPV) on acute PE
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in the ED was investigated. In the results obtained from
the study, it was stated that MPV (cut-off value 8.55 fl)
has 82.2% sensitivity and 52.3% specificity in estimating
patients with clinical suspicion of APE in the emergency
department, with an AUC of 0.634 (95% CI 0.596—0.702)
[21]. In the study of Insenser et al., it was determined that
haptoglobin decreased in patients with severe pulmonary
embolism. In addition, it is stated in the study that serum
haptoglobin concentrations lower than 1 g/l show 80%
sensitivity and 96% specificity in the diagnosis of high-
risk PE. The AUC value stated in the study was 0.853
(95% CI 0.648-1.057) [22]. Apelin, fibulins, haemopexin,
a2-macroglobulin, Ig al-chain C region, TNF-a, HMGBI,
neutrophil-to-lymphocyte ratio and albumin are among
the other biomarkers whose effectiveness has been inves-
tigated in the diagnosis of pulmonary embolism [21-26].
miRNA studies on this subject have stated that these new
methods and technologies can be deployed to discover
new specific clinical diagnosis and risk stratification
biomarkers, diagnostic schedules, and treatment proto-
cols for pulmonary embolism [27, 28]. In our study, the
relationship between adropin and PE was investigated
(Fig. 1). Based on the results of our study, the optimum
adropin cut-off value was determined to be 213.78 pg/ml.
With this adropin cut-off value, the sensitivity of the test
was 82% (95% CI; AUC: 0.821), and the specificity was
75%. If pulmonary embolism is to be excluded within a
safer margin, a cut-off value of 304 pg/ml with 46% sen-
sitivity and 96% specificity may be preferred. Because all
results produced by studies without external validation
may overestimate sensitivity and specificity because of
overfitting as well as the retrospective design, all of these
biomarker studies should be confirmed by new prospec-
tive cohort studies.

The D-dimer test has long been used to exclude the
diagnosis of venous thromboembolism and pulmonary
embolism. However, it also has some important limita-
tions. Linkins et al. stated in their study that the wide var-
iation in the types and study characteristics of D-dimer
assays means that study results from one assay cannot
be predicted to another. They also emphasize that there
is still much work to be done in translating the results
of D-dimer studies into clinical practice [29]. Li et al.
investigated the effectiveness of D-dimer in differentiat-
ing PE and tuberculosis-related pleural effusion (TPE)
cases in their study. While it was stated in the study that
D-dimer levels were elevated in most of the patients with
TPE, they suggested a new cut-off value for D-dimer in
differentiating these two diagnoses [30]. Sandama et al.
also stated in their study that given the low specificity of
the D-dimer test for detecting venous thromboembolism,
diagnosticians would probably prefer the development
of a new test that would quickly give a positive result in
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every venous thromboembolism case without the risk of
false-positive results [31].

Very few studies in the literature have examined the
relationship between adropin and D-dimer. In their
study, Yang M et al. investigated the presence of coronary
artery lesions in Kavasaki patients, stated that D-dimer
and adropin levels showed a positive correlation [32].
However, Aydin P et al. examined diabetes mellitus and
COVID 109 patients in their study and found a significant
negative correlation between adropin and C-reactive
protein, D-dimer and ferritin levels [33]. In our study,
however, there was no correlation between adropin and
D-dimer levels. More studies are needed to clarify the
correlation between adropin and D-dimer.

However, there are studies that provide some prom-
ising data on adropin. Kaluzna M et al. reported that
adropin levels were not altered significantly during hae-
modialysis [34], and adropin was described as a poten-
tial candidate marker for cardiac dysfunction in patients
undergoing haemodialysis. Additionally, Maciorkowska
M et al. confirmed a negative correlation of adropin with
the progression of kidney failure [9].

In our results, no acute or chronic kidney failure was
experienced by patients in the PE group, which may have
become a contraindication for using contrast substances
in these patients. However, in the future, with increasing
evidence when patients with limited kidney function are
suspected to develop acute PE, serum adropin may be a
useful alternative to D-dimer.

However, it is not known exactly how adropin levels are
affected by various systemic and nonsystemic diseases.
Therefore, higher adropin levels may be beneficial for
excluding pathology rather than associating lower adro-
pin levels with diagnosis.

Limitations

First, there was a rather small sample size, so the results
and conclusion should be viewed with caution. The cut-
off value obtained from our study could not be validated
in an external population, which was one of the major
limitations of our study. Therefore, the cut-off value
obtained from our study should be confirmed by new
prospective cohort studies to confirm the sensitivity and
specificity we calculated. The extent and type of inflam-
matory involvement in our PE patients and the influence
of inflammation on adropin were not known. Addition-
ally, despite excluding patients with a history of malig-
nancy, the exclusion of patients with other comorbidities
and the effect of such comorbidities on adropin levels
limit the scope of generalizing our results. The sample
size could not be increased for the control group as it is
difficult to find healthy participants in advanced age.
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Conclusion

To conclude, our results suggest that adropin may be
considered for further study as a candidate marker for
the exclusion of the diagnosis of PE. However, since no
studies are available that have investigated the diagnostic
performance of adropin as a biomarker for PE, the results
obtained from our study should not yet be considered
generalizable.
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cardiography; MPV: Mean platelet volume; RV/LV: Right ventricle/left ventricle;
RVWT: Right ventricle wall thickness; PASP: Mean pulmonary artery pressure.

Acknowledgements
The authors are grateful for the all-Emergency Medicine workers.

Author contributions

SO designed the study, performed the data analysis and drafted the manu-
script. AC reviewed and edited the manuscript. BIB performed data acquisi-
tion. EY performed data acquisition. All authors read and approved the final
manuscript.

Funding
The authors declare that they have no fundings.

Availability of data and materials
The datasets used and analyzed for this study are available from the corre-
sponding author on reasonable request.

Declarations

Ethics approval and consent to participate

Ethical approval for this study was obtained from the Non-Invasive Clini-

cal Research Ethics Committee of a local university (registration number-
2019.185.10.06). All methods were performed in accordance with the relevant
guidelines and regulations. Written informed consent was obtained from all
patients and healthy volunteers who agreed to participate.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Emergency Medicine Department, Namik Kemal University Medicine Faculty,
Tekirdag, Turkey. “Medical Biochemistry Department, Namik Kemal University
Medicine Faculty, Tekirdag, Turkey.

Received: 5 April 2022 Accepted: 15 September 2022
Published online: 18 September 2022

References

1. Toplis E, Mortimore G. The diagnosis and management of pulmonary
embolism. Br J Nurs. 2020;29(1):22-6.

2. Righini M, Robert-Ebadi H, Le Gal G. Diagnosis of pulmonary embolism.
Presse Med. 2015;44(12 Pt 2):e385-91.

3. Konstantinides SV, Meyer G, Becattini C, Bueno H, Geersing GJ, Harjola VP,
et al. 2019 ESC Guidelines for the diagnosis and management of acute

20.

22.

Page 7 of 8

pulmonary embolism developed in collaboration with the European
Respiratory Society (ERS). Eur Heart J. 2020;41(4):543-603.

Kumar KG, Trevaskis JL, Lam DD, Sutton GM, Koza RA, Chouljenko

VN, et al. Identification of adropin as a secreted factor linking dietary
macronutrient intake with energy homeostasis and lipid metabolism. Cell
Metab. 2008;8:468-81.

Gao S, McMillan RP, Jacas J, Zhu Q, Li X, Kumar GK, et al. Regulation of
substrate oxidation preferences in muscle by the peptide hormone
adropin. Diabetes. 2014;63:3242-52.

Wang B, Xue Y, Shang F, Ni S, Liu X, Fan B, et al. Association of serum
adropin with the presence of atrial fibrillation and atrial remodeling. J Clin
Lab Anal. 2019;33(2):e22672.

Aydin S, Eren MN, Yilmaz M, Kalayci M, Yardim M, Alatas OD, et al. Adropin
as a potential marker of enzyme-positive acute coronary syndrome.
Cardiovasc J Afr. 2017;28(1):40-7.

Aydin S, KulogluT, Aydin S, Kalayci M, Yilmaz M, Cakmak T, et al. Elevated
adropin: a candidate diagnostic marker for myocardial infarction in
conjunction with troponin-I. Peptides. 2014;58:91-7.

Maciorkowska M, Musiatowska D, Matyszko J. Adropin and irisin in arterial
hypertension, diabetes mellitus, and chronic kidney disease. Adv Clin Exp
Med. 2019;28(11):1571-5.

. Gundogdu G, Gundogdu K. A novel biomarker in patients with knee

osteoarthritis: adropin. Clin Rheumatol. 2018;37(8):2179-86. https://doi.
0rg/10.1007/510067-018-4052-z.

. Choi HN, Yim JE. Plasma adropin as a potential marker predicting obesity

and obesity-associated cancer in Korean patients with type 2 diabetes
mellitus. J Cancer Prev. 2018;23(4):191-6.

. Bozic J, Borovac JA, Galic T, Kurir TT, Supe-Domic D, Dogas Z. Adropin and

inflammation biomarker levels in male patients with obstructive sleep
apnea: a link with glucose metabolism and sleep parameters. J Clin Sleep
Med. 2018;14(7):1109-18.

. Dronkers CEA, Van der Hulle T, Le Gal G, Kyrle PA, Huisman MV, Cannegi-

eter SC, Klok FA. Subcommittee on predictive and diagnostic variables

in thrombotic disease. towards a tailored diagnostic standard for future
diagnostic studies in pulmonary embolism: communication from the SSC
of the ISTH. J Thromb Haemost 2017; 15:1040-1043.

. Konstantinides SV, Meyer G, Becattini C, Bueno H, Geersing GJ, Harjola VP,

et al. ESC Guidelines for the diagnosis and management of acute pulmo-
nary embolism developed in collaboration with the European Respira-
tory Society (ERS) The Task Force for the diagnosis and management of
acute pulmonary embolism of the European Society of Cardiology (ESC).
Eur Heart J. 2019;41:543-603. https://doi.org/10.1093/eurheartj/ehz405.

. Kucher N, Luder CM, Dornhofer T, Windecker S, Meier B, Hess OM. Novel

management strategy for patients with suspected pulmonary embolism.
Eur Heart J. 2003;24:366-76.

. Kim HY, Kim KH, Kim J, Park JC. Multimodality cardiovascular imaging in

pulmonary embolism. Cardiol J. 2021;28(1):150-60. https://doi.org/10.
5603/CJ.a2019.0084.

. Perrier A, Roy PM, Sanchez O, Le Gal G, Meyer G, Gourdier AL, et al. Multi

detector-row computed tomography in suspected pulmonary embolism.
N EnglJ Med. 2005;352:1760-8.

. Perrier A, Roy PM, Aujesky D, Chagnon |, Howarth N, Gourdier AL,

et al. Diagnosing pulmonary embolism in outpatients with clinical
assessment, D-dimer measurement, venous ultrasound, and helical
computed tomography: a multicenter management study. Am J Med.
2004;116:291-9.

. Wells PS, Anderson DR, Rodger M, Stiell |, Dreyer JF, Barnes D, et al. Exclud-

ing pulmonary embolism at the bedside without diagnostic imaging:
management of patients with suspected pulmonary embolism present-
ing to the emergency department by using a simple clinical model and
D-dimer. Ann Intern Med. 2001;135:98-107.

Righini M, Aujesky D, Roy PM, Cornuz J, Moerloose P, Bounameaux H,

et al. Clinical usefulness of D-dimer depending on clinical probability and
cutoff value in outpatients with suspected pulmonary embolism. Arch
Intern Med. 2004;164:2483-7.

. Talay F, Ocak T, Alcelik A, Erkuran K, Akkaya A, Duran A, et al. A new diag-

nostic marker for acute pulmonary embolism in emergency department:
mean platelet volume. Afr Health Sci. 2014;14(1):94-9. https://doi.org/10.
4314/ahs.v14i1.15.

Insenser M, Montes-Nieto R, Martinez-Garcia MA, Duran EF, Santiuste

C, GomezV, et al. Identification of reduced circulating haptoglobin


https://doi.org/10.1007/s10067-018-4052-z
https://doi.org/10.1007/s10067-018-4052-z
https://doi.org/10.1093/eurheartj/ehz405
https://doi.org/10.5603/CJ.a2019.0084
https://doi.org/10.5603/CJ.a2019.0084
https://doi.org/10.4314/ahs.v14i1.15
https://doi.org/10.4314/ahs.v14i1.15

Orun et al. BMC Pulmonary Medicine

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

(2022) 22:351

concentration as a biomarker of the severity of pulmonary embolism: a
nontargeted proteomic study. PLoS ONE. 2014;9(6):e100902. https://doi.
0rg/10.1371/journal.pone.0100902.

CelikY, Yardan T, Baydin A, Demircan S. The role of NT-proBNP and Apelin
in the assessment of right ventricular dysfunction in acute pulmonary
embolism. JPMA. 2016,66:306-11.

Acat M, Dikis OS, Dulger SU, Akbay E, Karakaya E, Haskul |, et al. Fibulins:

a new biomarker for pulmonary thromboembolism? Aging Male.
2020;23(5):556-63. https://doi.org/10.1080/13685538.2018.1542674.
Yang QF, Shu CM, Li WM, Ji QY. TNF-a and HMGB1: new biomarkers of
acute pulmonary embolism. Ann Clin Lab Sci. 2021;51(6):818-26.

Liu C, Zhan H, Huang ZH, Hu C, Tong YX, Fan ZY, et al. Prognostic role

of the preoperative neutrophil-to-lymphocyte ratio and albumin for
30-day mortality in patients with postoperative acute pulmonary
embolism. BMC Pulmonary Med. 2020;20:180. https://doi.org/10.1186/
$12890-020-01216-5.

Yang P, Li H, Zhang J, Xu X. Research progress on biomarkers of pulmo-
nary embolism. Clin Respir J. 2021;15:1046-55.

Sobrero M, Montecucco F, Carbone F. Circulating MicroRNAs for diagnosis
of acute pulmonary embolism: still a long way to go. Biomed Res Int.
2022;2022:4180215. https://doi.org/10.1155/2022/4180215.

Linkins LA, Lapner TS. Review of D-dimer testing: good, bad, and ugly.
Int J Lab Hematol. 2017;39(Suppl 1):98-103. https://doi.org/10.1111/ijlh.
12665.

Li X, QinY,Ye W, Chen X, Sun D, Guo X, et al. Diagnostic performance

of D-dimer in predicting pulmonary embolism in tuberculous pleural
effusion patients. BMC Pulm Med. 2021,21:177. https://doi.org/10.1186/
512890-021-01546-y.

Sendama W, Musgrave KM. Decision-making with D-dimer in the diagno-
sis of pulmonary embolism. Am J Med. 2018;131(12):1438-43. https://doi.
0rg/10.1016/j.amjmed.2018.08.006.

Yang M, Pei Q, Zhang J, Weng H, Jing F, Yi Q. Association between adropin
and coronary artery lesions in children with Kawasaki disease. Eur J
Pediatr. 2021;180(7):2253-9. https://doi.org/10.1007/500431-021-03977-5.
Aydin P, Uzuncakmak SK, Tér iH, Bilen A, Ozden A. Comparison of serum
adropin levels in patients with diabetes mellitus, COVID-19, and COVID-

19 with diabetes mellitus. Eurasian J Med. 2022;54(2):197-201. https://doi.

org/10.5152/eurasianjmed.2022.22128.

Kaluzna M, Pawlaczyk K, Schwermer K, Hoppe K, Czlapka-Matyasik M,
Yusuf Ibrahim A, et al. Adropin and irisin: new biomarkers of cardiac
status in patients with end-stage renal disease? A preliminary study. Adv
Clin Exp Med. 2019;28(3):347-53.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 8 of 8

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1371/journal.pone.0100902
https://doi.org/10.1371/journal.pone.0100902
https://doi.org/10.1080/13685538.2018.1542674
https://doi.org/10.1186/s12890-020-01216-5
https://doi.org/10.1186/s12890-020-01216-5
https://doi.org/10.1155/2022/4180215
https://doi.org/10.1111/ijlh.12665
https://doi.org/10.1111/ijlh.12665
https://doi.org/10.1186/s12890-021-01546-y
https://doi.org/10.1186/s12890-021-01546-y
https://doi.org/10.1016/j.amjmed.2018.08.006
https://doi.org/10.1016/j.amjmed.2018.08.006
https://doi.org/10.1007/s00431-021-03977-5
https://doi.org/10.5152/eurasianjmed.2022.22128
https://doi.org/10.5152/eurasianjmed.2022.22128

	Diagnostic accuracy of adropin as a preliminary test to exclude acute pulmonary embolism: a prospective study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Ethics approval and informed consent
	Study design and participants
	Statistical analyses

	Results
	Discussion
	Limitations

	Conclusion
	Acknowledgements
	References


