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Abstract

Objective: The etiology of Threatened Abortion is not clearly known. One of the hypotheses thought to play
arole in the pathophysiology of threatened abortion is that bleeding occurring in threatened abortion causes
the development of a chronic inflammatory reaction in the decidua. Because of this hypothesis, we aimed
to evaluate the relationship between a threatened abortion and inflammatory markers procalcitonin, neutro-
phil-lymphocyte ratio (NLR) and platelet-lymphocyte ratio (PLR).

Methods: This is a prospective, controlled study. Serum procalcitonin, neutrophil-lymphocyte ratio and
platelet-lymphocyte ratio of 55 pregnant women diagnosed with threatened abortion were compared with
the results of 55 healthy pregnant women. ROC analysis of procalcitonin, NLR and PLR was performed for
threatened abortions.

Results: Procalcitonin and NLR levels were significantly higher in the threatened abortions group than in
the control group (p < 0.05). The area under the curve (AUC) in ROC analysis was within the 95% confidence
interval for procalcitonin and NLR, both of which were statistically significant (p < 0.05). Procalcitonin and
NLR resulted as appropriate parameters as diagnostic decision-makers in predicting threatened abortions.
Conclusion: There is an association between procalcitonin and NLR and threatened abortion. This result
may support that inflammatory reaction plays a role in the etiology of threatened abortion.
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HODNOCENI SEROVEHO PROKALCITONINU, POMERU NEUTROFILU A LYMFOCYTU A POMERU
TROMBOCYTU A LYMFOCYTU U TEHOTENSTVI S HROZICiM POTRATEM

Pavodni prace

Abstrakt

Cil: Etiologie hroziciho potratu neni jasné zndma. Jedna z hypotéz, o nichZ se prfedpokladd, Ze hraji roli
v patofyziologii hroziciho potratu, je, Ze krvaceni, ke kterému dochazi u hroziciho potratu, zplsobuje roz-
voj chronické zanétlivé reakce v decidue. Vzhledem k této hypotéze jsme se zamérili na vyhodnoceni vzta-
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hu mezi hrozicim potratem a zanétlivymi markery prokalcitoninem, pomérem neutrofill a lymfocytl (NLR)
a pomérem trombocytld a lymfocytd (PLR).

Metody: Jedna se o prospektivni, kontrolovanou studii. Sérovy prokalcitonin, pomér neutrofilt a lymfocytl
a pomeér trombocytl a lymfocytl u 55 téhotnych Zen s diagnézou hroziciho potratu byly porovnany s vysledky
55 zdravych téhotnych Zen. U hrozicich potratl byla provedena ROC analyza prokalcitoninu, NLR a PLR.
Vysledky: Hladiny prokalcitoninu a NLR byly signifikantné vy$si ve skupiné ohroZenych potratem neZ v kon-
trolni skupiné (p < 0,05). Plocha pod kfivkou (AUC) v ROC analyze byla v rdamci 95% intervalu spolehlivosti
pro prokalcitonin a NLR, pficemz oba byly statisticky vyznamné (p < 0,05). Prokalcitonin a NLR se ukazaly jako
vhodné parametry pro diagnostické rozhodovani pfi predikci hrozicich potratu.

Zavér: Existuje souvislost mezi prokalcitoninem, NLR a hrozicim potratem. Tento vysledek muzZe podporovat,

Ze zanétliva reakce hraje roli v etiologii hroziciho potratu.

Kli¢éova slova: hrozici potrat, prokalcitonin, pomér neutrofil-lymfocyt, pomér trombocyt-lymfocyt

Introduction

Threatened abortions are indicated by vaginal blee-
ding that occurs before the 20th gestational week
without cervical dilatation and without disruption
of fetal or embryonic integrity (1). Vaginal bleeding
occurs in 25% of all pregnancies and pregnancy loss
occurs in approximately 50% of these (2).

The etiology of threatened abortion is not known
exactly. There are hypotheses that suggest that the
bleeding that occurs in threatened abortion triggers
a variety of mechanisms. One of these hypotheses
is that uterotonic mediators, which occur with blee-
ding, disrupt the contractile-relaxing balance in the
uterus (3). Another hypothesis is that this bleeding
causes the development of a chronic inflammatory
reaction in the decidua. In fact, it is thought that this
chronic inflammation suggested in this hypothesis
causes placental developmental disorder and causes
obstetric complications (premature-preterm rupture
of membranes, preterm labor, preeclampsia) in the
later stages of pregnancy (4).

Procalcitonin consists of 116 amino acids and is the
precursor of calcitonin. It is present at immeasurably
low levels in healthy people (5). Procalcitonin, which
is defined as a marker of bacterial infection, draws
attention with significant elevation, albeit at low
levels, in some diseases (end-stage renal disease,
congestive heart failure, cirrhosis, acute kidney in-
juries, intracerebral hemorrhages, post-operative
anastomotic leaks) in which inflammatory reactions
play a role, as shown in recent studies (6-8).

The precursor cells of the immune system are neu-
trophils. However, studies have shown that platelets
also have a critical role in the immune response (9).
Like neutrophils, platelets increase cytokine produc-
tion at the onset of inflammation. These cytokines
also stimulate new neutrophil and platelet synthesis,
leading to increased inflammation (10). In many cli-
nical studies, it has been shown that Neutrophil Lym-
phocyte Ratio (NLR) and Platelet Lymphocyte Ratio
(PLR) are associated with many diseases in which
there is no infection but where inflammation plays
a role in the pathophysiology (11).

In this study, we wanted to evaluate the relationship
between threatened abortion, which is thought to
play a role in the pathophysiology of chronic inflam-
mation, and the inflammatory markers procalcitonin,
NLR and PLR. Since there are not many studies on
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this subject, we think that our study will contribute
to the literature.

Methods

Ethics committee approval for the study was ob-
tained from the ethics committee of Amasya Uni-
versity (protocol #34). The study and control groups
were selected from pregnant women who applied to
the Amasya Sabuncguoglu Serefeddin Training and
Research Hospital Gynecology and Obstetrics cli-
nic between 15 June 2020 and 30 November 2020.
The study was designed as a prospective case-con-
trol study. In this period, 55 patients diagnosed with
threatened abortion formed the study group, while
55 healthy pregnancies formed the control group.
The pregnant women in the control group have
consisted of those who completed their 20" week
without any complaints in the follow-up. These two
groups were compared in terms of demographic
characteristics (age, height, weight, body mass in-
dex, educational status, parity, previous surgery), se-
rum procalcitonin, neutrophils, lymphocytes, plate-
lets, NLR and PLR.

Pregnant women with vaginal bleeding, no cervi-
cal dilation, and fetal heartbeat on ultrasonography
between 6-20 weeks were included in the threatened
abortion group. The first healthy 55 pregnant women
who came to the outpatient clinic for normal control,
between the 6" and 20" weeks, formed the control
group. Those with hypertension, diabetes, throm-
bophilia, those diagnosed with hyperemesis gravi-
darum, those with a history of threatened abortion,
preeclampsia, gestational diabetes, hellp syndrome
in previous pregnancy, those with autoimmune, re-
nal, cardiac or hepatic disease, those with diseases
that may trigger inflammation (such as infectious
diseases, collagen tissue disease) and those with
fetal anomalies were not included in the study and
control groups. Even if bleeding of patients in the
study group recurred, each patient was included in
the study once. The patients in the threatened abor-
tion group who had spontaneous abortion were ex-
cluded from the study group. Patients who met the
study criteria were included in the study after they
were informed about the study and their consent
was obtained.

Obstetric evaluation of patients was performed by
a single clinician (S.M.A.) using a Mindray DC-7 ul-
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trasound device. Week of gestation, amniotic fluid
measurement, heartbeat and the presence of any
hemorrhage area were evaluated for all patients.
Age, last menstrual period, parity, height, weight,
education level and previous operations of all preg-
nant women were noted. Blood was drawn into a he-
mogram tube for serum neutrophil, lymphocyte and
platelet levels, NLR and PLR, and into a biochemistry
tube to evaluate parameters such as serum procalci-
tonin level, blood glucose, and renal and liver func-
tions.

Neutrophil, lymphocyte and thrombocyte levels
were evaluated with laser optics (X N-1000, Sysmex,
Japan), and procalcitonin with electrochemilumines-
cence immunoassay (Cobas e 411, Roche, Japan).
Serum neutrophil, lymphocyte, platelet, NLR, PLR
and procalcitonin levels of both groups were com-
pared. ROC analysis was performed in terms of NLR,
PLR and procalcitonin for threatened abortions.

The threatened abortion group was divided in two
according to the presence of hemorrhage area in ul-
trasonography and these two groups were also com-
pared in terms of NLR, PLR and procalcitonin.
Power Analysis of the Study: G*Power 3.1 pro-
gram was used to determine the sample of the study.
The sample of our study was calculated considering
that Paccolat et al. (12) evaluated procalcitonin levels

Tab. 1 Demographic characteristics of the groups

during pregnancy, childbirth and postpartum peri-
od. Accordingly, the effect width was determined as
d = 0.7 and according to the double-tailed hypothe-
sis method, the confidence interval was 95% and the
margin of error was 5%. As a result of the calculation,
it was determined that there should be a total of 110
women, 55 for the control group and 55 for the ex-
perimental group.

Statistical analysis: Data were analyzed with IBM
SPSS V23. Compliance with normal distribution
was evaluated by Levene’s test. Chi-square test and
Fisher’'s Exact test were used to compare categori-
cal variables in the groups. Mann-Whitney U test
was used to compare non-normally distributed data
in paired groups and independent two-sample t-test
was used to compare normally distributed data. ROC
analysis was used to determine the cut-off values for
procalcitonin, NLR and PLR for threatened abortions.
P < 0.05 was considered statistically significant.

Results

All pregnant women included in the study had a live
birth (premature/mature/postmature birth) except
those who aborted.

The groups were homogeneous in terms of demo-
graphic characteristics (age, parity, diagnosis week,
height, weight, body mass index (BMI), educational
status, previous surgery) (p > 0.05) (Tab. 1).

Study Group Control Group p-value
(n =55) (n = 55)
Age (year) 27.49 + 5.87 28.25 + 6.44 0.632
Height (cm) 161.65 £ 5.27 160.07 = 6.23 0.154
Weight (cm) 64.60 + 12.88 65.76 + 14.8 0.568
BMI (kg/m?) 24.83 + 5.45 25.67 + 5.69 0.367
Parity Nulliparity 32 (58.2%) 22 (40.0%) 0.056
Multiparity 23 (41.8%) 33 (60.0%)
Education Primer school 5(9.1%) 9 (16.4%) 0.707
Middle school 16 (29.1%) 16 (29.1%)
High school 18 (32.7%) 16 (29.1%)
University 16 (29.1%) 14 (25.4%)
Previous operation Yes 13 (23.6%) 7 (12.7%) 0.138
No 42 (76.4%) 48 (87.3%)
Diagnosis week (week) 9.53 + 3.67 10.66 = 11.63 0.492

p-values were calculated with the Mann-Whitney U test (Age, weight, BMI, diagnosis week), independent T

test (Height) and Chi-Square Test.

The comparison of the groups in terms of serum pro-
calcitonin, neutrophils, lymphocytes, platelets, NLR
and PLR is given in Tab. 2. Serum procalcitonin level
was 0.051 = 0.01 ng/mL in the threatened abortion
group and 0.043 = 0.01 ng/mL in the healthy preg-
nancy group. Procalcitonin level was significantly
higher in the threatened abortion group than in the
control group (p = 0.037).

While the mean neutrophil count was
6.46 + 1.83x10%L in the threatened abortion group,

it was 5.98 = 1.93x10%L in the control group. The
mean lymphocyte count was 2.26 + 1.81x10%L in
the threatened abortion group and 2.16 + 0.70x10%L
in the control group. The mean platelet count was
236.45 + 49.73x10%L in the threatened abortion group
and 260.20 = 63.14x10%L in the control group. There
was no significant difference between the groups in
terms of mean neutrophil, lymphocyte and platelet
counts (p > 0.05) (Tab. 2).
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Tab. 2 Comparison of the groups in terms of procalcitonin, neutrophil, lymphocyte, platelet, NLR and PLR

Study Group Control Group p-value
| (n = 55) (n = 55)

Procalcitonin (ng/mL) 0.051 + 0.01 0.043 = 0.01 0.037*
Neutrophil (x10%L) 6.46 + 1.83 5.98 + 1.93 0.185
Lymphocyte (x10%/L) 2.26 + 1.819 2.16 + 0.708 0.582
Platelet (x10%L) 236.45 = 49.73 260.20 + 63.14 0.109
NLR 3.23 £ 1.02 2.71+£1.08 0.003*
PLR 121.89 + 44.15 122.69 + 48.92 0.754

p-values were calculated with the Mann-Whitney U test and independent T test (Neutrophil). NLR: Neutro-
phil Lymphocyte Ratio, PLR: Platelet Lymphocyte Ratio

The NLR level was 3.23 + 1.02 in the threatened
abortion group and 2.71 + 1.08 in the control group.
NLR level was significantly higher in the threatened
abortion group than in the control group (p = 0.003)
(Tab. 2).

The PLR level was 121.89 + 44.15 in the threatened
abortion group and 122.69 + 48.92 in the control
group. There was no significant difference between
the groups in terms of PLR (p = 0.754) (Tab. 2).

The sensitivity, specificity, positive predictive and
negative predictive values of the patients for procal-

citonin, NLR and PLR are given in Tab. 3. As can be
seen from the table, the area under the curve (AUC)
for the ROC curve (Receiver Operator Characteristics
Curve) was statistically significant at the 95% confi-
dence interval for procalcitonin and NLR (p < 0.05).
These parameters had diagnostic value in predicting
threatened abortions. However, the area under the
ROC curve for PLR was not within the confidence
interval and it did not have statistical significance
(p > 0.05). This parameter had no diagnostic value
in predicting threatened abortions (Tab. 3) (Fig. 1).

Tab. 3 Sensitivity, specificity, positive predictive and negative predictive values for procalcitonin, NLR, and

PLR
Area p-value Cutt-off Lower Upper Sensi- Speci- o, Npy
tivity ficity
Procalcitonin 0,615 0,037* 0,048500 0,509 0,721 0,545 0,455 67,2 60,1
NLR 0,662 0,003* 2,8182 0,560 0,765 0,618 0,382 79,6 77,8
PLR 0,517 0,754 114,9604 0,409 0,626 0,509 0,491 55,3 51,9

p-values were calculated according to ROC analysis. PPV: Positive predictive value, NPV: Negative predictive

value

Fig. 1 A) ROC curve for procalcitonin, B) ROC curve for NLR, C) ROC curve for PLR

The threatened abortion group was divided in two
according to the presence of hemorrhage area in ul-
trasonography and these were compared in terms
of serum procalcitonin levels, NLR and PLR. Serum
procalcitonin levels, NLR and PLR values were higher
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in pregnant women with a diagnosis of threatened
abortion with hemorrhage area on ultrasonography
than those without bleeding area, but there was no
significant difference between the groups (p > 0.05)
(Tab. 4).
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Tab. 4 Comparison of the two groups formed by separating the threatened abortions as with and without
hemorrhage area on ultrasound in terms of procalcitonin, NLR and PLR

Threatened abortions

Threatened abortions

with hemorrhage area on without hemorrhage p-value
ultrasound area on ultrasound
(n=10) (n = 45)
Procalcitonin (ng/mL) 0.052 + 0.004 0.050 + 0.012 0.247
NLR 3.52 + 1.04 3.16 = 1.02 0.317
PLR 135.88 + 53.01 118.78 + 41.98 0.272

p-values were calculated with the Mann-Whitney U test (Procalcitonin) and independent T test. NLR: Neu-
trophil Lymphocyte Ratio, PLR: Platelet Lymphocyte Ratio

Discussion

One of the hypotheses of factors thought to play
a role in the pathophysiology of threatened abortion
is the chronic inflammatory reaction that develops in
the decidua with bleeding. Determining the relation-
ship between threatened abortion and inflammatory
markers may support the validity of this proposed
hypothesis. Thus, it may be beneficial to clarify the
etiology of threatened abortion and to clarify the
complications this may cause in the later stages of
pregnancy. Therefore, in this study, we evaluated the
relationship between threatened abortion and the in-
flammatory markers procalcitonin, NLR and PLR.
Threatened abortions are a fairly common compli-
cation of pregnancy. They affect 26% of pregnan-
cies (13). In addition to affecting the physical health
of pregnant women, they also have negative effects
on their psychological state as they create emotional
stress. Although it is seen so frequently, the causa-
tive factors and mechanism have not been fully ex-
plained. Therefore, threatened abortions are difficult
to predict and predictive methods are unreliable (14).
It can also be confused with bleeding from other
causes in the early stages of pregnancy (ectopic preg-
nancy, incomplete abortion) (15). For this reason, the
detection of new markers that contribute to illumi-
nating the pathophysiology that causes threatened
abortions and that could even help in the diagnosis
of threatened abortion may provide clinical benefit.
We planned our study for this purpose.
Procalcitonin level is normally < 0.5 ng/mL (16). The
rise of procalcitonin occurs immediately due to its cy-
tokine-like behavior (17). It reaches detectable levels
in 4 hours and peaks at 6 hours (18). Although the
normal level is said to be < 0.5 ng/mL, the appropri-
ate cut-off values for procalcitonin differ according
to the reason in recent studies. For example, serum
levels in patients with heart failure were 0.06 ng/mL
(19), while serum levels above 0.05 in patients with
cirrhosis were found to be significant (8).

There are studies evaluating normal serum procalci-
tonin levels during pregnancy. Paccolat et al. report-
ed that serum procalcitonin level was 0.043 pg/L at
24-28 weeks of gestation. They stated that this level
increased in the later weeks of pregnancy, and was
0.068 pg/L at birth, 0.200 pg/L on postpartum day 2-3,
and 0.060 pg/L on postpartum day 10 (12). Similar to
this study, we found the serum procalcitonin level to

be 0.043 + 0.01 ng/mL in healthy pregnant women in
our study. In the threatened abortions group, it was
0.051 + 0.01 ng/mL and this was significantly high-
er than the healthy pregnancy group. Procalcitonin
was significant as a diagnostic decision maker in pre-
dicting threatened abortion.

Studies have shown that various obstetric and neo-
natal complications develop in the following weeks
in pregnant women with threatened abortion (20).
Clarifying its pathophysiology would be beneficial in
taking precautions against these complications and
reducing maternal/fetal mortality/morbidity. There-
fore, it is important to determine the causes that play
arole in its etiology.

In the literature, the evaluation of NLR and PLR in
threatened abortion has been compared with preg-
nancies resulting in abortion. Thus, their use as pre-
cursors in early pregnancy was investigated (21,22).
Studies are rare comparing threatened abortions and
healthy pregnancies in terms of NLR and PLR. One of
them is the work of Ata et al. From the results of this
study, no significant difference was found between
the groups in terms of NLR, but they reported that
the level of PLR in the threatened abortions group
was higher than the healthy pregnancy group (23).
In our study, contrary to the results of this study, the
NLR level in the threatened abortion group was sig-
nificantly higher than the healthy pregnancy group,
but there was no significant difference between the
groups in terms of PLR. In ROC analysis, NLR was
statistically significant at the 95% confidence inter-
val, showing it to be useful as a diagnostic decision
maker in predicting threatened abortion. However,
there was no significance in ROC analysis for PLR.
There have been studies evaluating other inflam-
matory markers that determined that an inflamma-
tory process plays a role in the etiopathogenesis of
threatened abortion. In the study by Keskin et al.,
vascular endothelial growth factor (VEGF), soluble
VEGF receptor-1 (sVEGFR-1) and VEGF/sVEGFR-1
were found to be associated with the pathogenesis
of threatened abortion (24). The relationship of many
immune and inflammatory markers (apolipoprotein
A-1, IL2[3 receptor, IL6, IL8, IL10, IL1B and TNFa) with
threatened abortion has been determined (25,26). In
a review that was conducted, it is stated that serum
Ca 125 is a valuable predictive marker for determi-
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ning ,probable to continue’ pregnancies (27). As in
our study, these studies also confirm the presence of
inflammation in the etiopathogenesis of threatened
abortion.

The presence of a biomarker that determines whet-
her a pregnancy will continue or will result in
abortion may be beneficial in terms of providing pre-
liminary information to the expectant mother with
increased anxiety and whether the drugs used in the
treatment of threatened abortion should be contin-
ued. Although it does not affect the treatment pro-
cess for threatened abortion, it may be important in
terms of exemption from the side effects and cost of
the drugs used in the treatment.

In our study, we also compared the cases with a he-
morrhage area on ultrasonography in the threatened
abortion group with those without a hemorrhage
area. As a result of this comparison, procalcitonin,
NLR and PLR were higher in the group with hemor-
rhage area, but this was not significant. Although not
statistically significant, the fact that these parameters
were higher in the group compared to those without
hemorrhage area may be due to the persistence of
this hemorrhage detected by ultrasound for a certain
period of time, triggering the chronic inflammatory
reaction in the decidua with bleeding, which is one of

the hypotheses put forward in the pathophysiology
of threatened abortion (4).

The limitation of our study was that the number of
cases was as high as the number detected in the
power analysis. Nevertheless, if we had more cases,
it would have increased the power of our study. In
the study, the threatened abortion group was com-
pared only with the healthy pregnancy group. Since
the number of pregnant women who had spontane-
ous abortions after threatened abortions was low,
we could not include them in the study. Our study
would be more meaningful if we could compare this
abortion group with the healthy pregnancy group
with threatened abortions. The strength of our study
was that serum procalcitonin, NLR and PLR were
studied simultaneously in threatened abortions, and
this is rare.

In conclusion, procalcitonin and NLR levels in
threatened abortions were higher than in healthy
pregnancies. According to this result, it can be said
that there is a relationship between threatened abor-
tion and the inflammatory markers procalcitonin and
NLR. In addition, the increase in procalcitonin and
NLR during pregnancy may indicate an increased
risk of threatened abortion.
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