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ABSTRACT

OBJECTIVE: To investigate the value of the systemic inflammation response index (SIRI) in predicting
prognosis in pregnant women with threatened miscarriage (TM).

STUDY DESIGN: The study included 203 pregnant women (<12 weeks) who presented and were hos-
pitalized with TM in our hospital. Eighty-three pregnant women with spontaneous abortions comprised
the study group, and 120 women with healthy pregnancies comprised the control group. Demographic
and laboratory parameters were obtained from the patients' medical records. SIRI was calculated using
the formula: neutrophil count x monocyte count/lymphocyte count. SIRI values were compared between
groups.

RESULTS: The rate of spontaneous abortion in pregnant women with TM was 40.9% in our study pop-
ulation. The SIRI level was found to be significantly higher in the study group than in the control group
(p<0.001). The regression analysis showed that the SIRI level is an independent marker for sponta-
neous abortion, and it was found that when the SIRI level increases by 1 unit, the risk of abortion in-
creases by 25.4% (OR=1.254, p=0.003). We found that, with a cut-off value of 2.11, SIRI predicted
spontaneous abortion with 68.7% sensitivity and 65.8% specificity.

CONCLUSION: The SIRI level, a non-invasive, simple, and cheap marker, could be used to assess the
spontaneous abortion risk of pregnant women presenting with TM. However, future studies with a larger
number of patients and serial measurements of the SIRI level are needed to determine the optimal value
for predicting the disease.
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Introduction
Threatened Miscarriage (TM) is defined as vaginal spotting weeks of pregnancy and affects 20-50% of pregnant women
and/or bleeding without cervical dilatation and effacement be- (1). Approximately 50% of pregnant women diagnosed with
fore 20 weeks of gestation. It is commonly seen in the first 12 TM experience spontaneous abortion in subsequent periods of
their pregnancy. It is also known that pregnancies diagnosed
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2 Republic of Turkey Ministry of Health Etlik City Hospital, Ankara, Tiirkiye

) ‘ o from many adverse pregnancy outcomes, such as low birth
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weight, preterm delivery, and perinatal death (2).
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decidua during the first trimester is considered a key process
for embryonic development and a healthy pregnancy (4), and
reduced or impaired vascular invasion results in decreased
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an inflammatory response. They might result in placental de-
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TM is that a focus of intrauterine hemorrhage may release var-
ious uterotonic mediators that cause uterine contractions (4).

In recent years, the determination of blood cell indices cal-
culated from the complete blood count (CBC) has become
popular and is associated with the diagnosis and prognosis of
various inflammation-related diseases, such as coronary artery
disease, autoimmune disorders, and malignancies (7). The
neutrophil-to-lymphocyte ratio (NLR) is one of the most stud-
ied systemic inflammatory response parameters and is associ-
ated with various types of cancer, coronary heart disease, and
obstetric complications, such as preeclampsia, gestational di-
abetes, and intrahepatic cholestasis of pregnancy (8).

The systemic inflammatory response index (SIRI) is a new
systemic inflammatory response parameter calculated using
neutrophil, monocyte, and lymphocyte counts. Studies have
shown that the SIRI level is associated with the prognosis of
various cancer types and can be used as a prognostic marker
in these diseases (9,10). Although studies have investigated
SIRI levels in malignant diseases, little is known about its as-
sociation with obstetric complications. This study aimed to in-
vestigate the role of SIRI and NLR in spontaneous abortion
and whether these markers can predict spontaneous abortion
in pregnant women presenting with TM at 12 weeks of gesta-
tion or earlier.

Material and Method

Study Design and Participants: In this study, we retrospec-
tively analyzed the data of women diagnosed with TM and
hospitalized at Dr. Sami Ulus Obstetrics and Gynecology,
Pediatrics Training and Research Hospital between July 1,
2019, and December 31, 2022. The study was approved by
the ethics committee of our hospital (Approval no: 2012-
KAEK-15/2737). The study adhered to the universal princi-
ples of the Helsinki Declaration, and informed consent was
obtained from all participants.

Pregnant women aged 20-40 years, and in their first preg-
nancy, were included in the study. Pregnant women who were
hospitalized with an TM diagnosis who experienced sponta-
neous abortion were included in the study group (n=83), while
those hospitalized with TM during the same period but who
had a healthy pregnancy and delivery constituted the control
group (n=120). All patients included in the study were diag-
nosed with TM at less than 12 weeks of gestation.

Pregnant women with any chronic systemic disease (en-
docrinological, urogenital, cardiovascular, gastrointestinal,
immunological, or oncological) and active infection that may
affect the CBC result, with fetal anomalies and chromosomal
disease, with uterine anomalies, pregnant with assisted repro-
ductive technology, and multiple gestations were excluded
from the study.

200

Data Collection: Patient information is accessed through
our hospital's electronic database. From the patients' elec-
tronic medical records, demographic data, including age, par-
ity, gestational week at admission to the hospital, and labora-
tory data, including routine CBC values taken at the first hos-
pital admission, were retrieved. Peripheral blood samples
were taken into tubes containing ethylated diamine tetraacetic
acid (EDTA) and analyzed by the Sysmex XN 1000 series
hematology analyzer.

Gestational age was calculated using the first day of the
last menstrual period (LMP) and the ultrasonographic mea-
surement of crown-rump length (CRL) in the first trimester. If
the discrepancy between LMP and ultrasound dating exceeded
seven days, the ultrasound measurement was used to deter-
mine gestational age (11). TM is defined as vaginal spotting
and/or bleeding without cervical dilatation and effacement be-
fore 20 weeks of gestation (1). Platelet, neutrophil, lympho-
cyte, and monocyte counts were obtained from CBC results at
hospital admission. NLR was calculated by dividing the neu-
trophil count by the lymphocyte count, and SIRI was calcu-
lated using the formula: neutrophil count x monocyte
count/lymphocyte count.

Statistical analysis

Statistical analyses were performed using the SPSS soft-
ware (IBM SPSS Statistics 27). Frequency tables and de-
scriptive statistics were used to interpret the findings. The
Kolmogorov-Smirnov test was used to assess the normality
of data distribution. Categorical variables were compared
using the Chi-Square and Fisher’s exact tests. Parametric
continuous variables with a normal distribution were com-
pared using the Student’s t-test, while non-normally dis-
tributed variables were compared using the Mann-Whitney U
test. Binary logistic regression analysis (Backward LR
method) was performed to identify factors associated with the
risk of spontaneous Operating
Characteristic (ROC) analysis was performed to determine
the optimal cut-off values for SIRI and NLR, and results were
evaluated within a 95% confidence interval (CI). A p-value
<0.05 was considered statistically significant.

abortion. Receiver

Results

A total of 203 pregnant women, 83 in the abortus group
and 120 in the control group, were included in the study.
There was no significant difference between the groups in
terms of age. All pregnant women were in their first preg-
nancy. The rate of spontaneous abortion in pregnant women
with TM was 40.9% in our study population. Significant
bleeding (41.0% vs. 14.2%; p<0.001) and pelvic pain (45.8%
vs. 15.0%; p<0.001) were found to be significantly higher in
the study group than the control group. Demographic charac-
teristics and complaints of pregnant women at admission to
the hospital are presented in table 1.
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Table I: Demographic characteristics and complaints of the study population
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Parameter

Abortus Group
(n=83)

Control Group
(n=120)

Age (mean +SD) (median)

GW at assessment to the study
(mean £SD) (median)

Gravida
Parity
Smoking (n,%)
Yes
No
Type of Bleeding (n) (%)
Spotting

Significant bleeding
Presence of Pelvic pain (n) (%)

30.72+6.17 (30.0)

7.58+1.57 (7.6)

2.60+1.72 (2.0)
0.92+0.97 (1.0)

5 (6.023%)
78 (93.97%)

67 (80.7%)
34 (41.0%)

Yes 38 (45.8%)
No 45 (54.2%)
Presence of Abdominal Cramp (n)(%)
Yes 5 (94.0%)
No 78 (6.0%)

30.19+5.97 (29.0)
7.82+1.49 (7.9)

2.36+1.35 (2.0)
1.38+0.97 (1.0)

8 (6.67%)
112 (93.33%)

98 (81.7%)
17 (14.2%)

18 (15.0)
102 (85.0%)

116 (96.7%)
4 (3.3%)

0.509

0.26
0.566

<0.001

0.82

0.86

<0.001

<0.001

0.36

*p < 0.05 was considered significant

The neutrophil count (7.3342.77 vs. 5.92+2.66; p<0.001)
and platelet count (279.72+71.65 vs. 253.43+66.18; p=0.017)
were significantly higher in the study group than the control
group. NLR was found to be significantly higher in the study
group than the control group (4.36+3.12 vs. 3.36+2.89;
p<0.001). The mean SIRI level was also found to be increased
in the study group than the control group (2.73+£3.26 vs.
2.1843.26; p<0.001). The laboratory results of the study
groups are shown in table II.

SIRI level and NLR were found to be important parame-

Table II: Laboratory Parameters of Study Population

ters affecting abortus status as a result of Backward: LR lo-
gistic regression analyses based on spontaneous abortion and
using all significant findings in univariate analyses. It was
found that when the SIRI level increases by 1 unit, the risk of
abortion increases by 25.4% (OR=1.254, p=0.003), and when
the NLR increases by 1 unit, the risk of abortion increases by
12.4% (OR=1.124, p=0.045).

We used ROC analyses to determine the cut-off value for
SIRI and NLR for determining spontaneous abortion. The
AUC for SIRI was 0.673 (95% CI: 0.59-0.74), with an optimal

Parameter Abortus Group (n=83) Control Group (n=120) ¢]
MeantSD (Median) MeantSD (Median)

Hb (g/dL) 12.87+1.27 (13.0) 12.59+1.37(12.8) 0304
PLT (x10°/L) 279.72+71.65 (266.0) 253.43466.18 (253.0) 0.017
Neutrophils (x10%/L) 7.33+2.77 (6.7) 5.92+2.66 (5.4) <0.001
Monocytes (x109/L) 0.60+0.27 (0.56) 0.61+0.46 (0.51) 0.208
Lymphocytes (x109/L) 1.9710.73 (1.9) 2.07+0.63 (2.1) 0.166
NLR Ratio 4.36+3.12 (3.4) 3.36+2.89 (2.78) <0.001
SIRI 2.73+£3.26 (2.10) 2.18+3.26 (1.40) <0.001

Data is presented as mean+SD; Hb:Hemoglobin; PLT: Platelets; LMR: Lymphocyte-Monocyte Ratio; NLR: Neutrophil-Lymphocyte Ratio; SIRI: sys-

temic inflammatory response index. p<0.05 was considered significant.
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cut-off value of 2.11, corresponding to a sensitivity of 68.7% and a
specificity of 65.8%. Regression analyses for the risk of spontaneous
abortion in study groups and ROC analyses results were presented in
table III. ROC curve for SIRI was presented in figure 1.

ROC curve related to SIRI value according to abortion status
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SIRI 0.673/0.039 <0.001 | 0.596 0.749 22.111

Figure 1: ROC curve related to SIRI value according to abortion status

Note: SIRI = Systemic Inflammatory Response Index; ROC Curve = Receiver
Operating Characteristic Curve.

Discussion

In this study, we aimed to evaluate the role of SIRI, one of the new
serum inflammatory response markers, in predicting spontaneous abor-
tion in pregnant women presented with TM. We found that the SIRI level
was significantly higher in pregnant women with spontaneous abortion
than in pregnant women with ongoing pregnancy and could be used as a
predictive factor with a 2.11 cutoff value, with 68.7% sensitivity and
65.8% specificity. Moreover, in logistic regression analyses, we demon-
strated that an increased level of SIRI was an independent risk factor for
spontaneous abortion in pregnant women with TM.

Vaginal spotting and/or bleeding in the first trimester of pregnancy
are very common complications and are highly likely to be associated
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with spontaneous abortion. In the literature, the rate
of spontaneous abortion in patients diagnosed with
TM has been reported to be 14-50% (12,13). The
rate of spontaneous abortion in pregnant women
with TM was 40.9% in our study population, and
significant bleeding and pelvic pain were observed
significantly more in the abortus group than in those
whose pregnancy progressed to term, in accordance
with the literature.

Although many causes have been implicated in
the pathophysiology of TM, such as genetic factors,
chromosomal abnormalities, very low or high BMI,
and smoking, placental dysfunction is also blamed
as a causative factor for spontaneous pregnancy
loss in the first trimester (5,14,15). Jauniaux et al.
showed blood flow changes in the intervillous ves-
sels in the aborted group (16). Therefore, oxidative
damage caused by decreased placental blood flow
activates the systemic inflammatory response,
which in turn may lead to spontancous miscarriage
(6). These changes may also explain adverse preg-
nancy outcomes in pregnancies that had first-
trimester bleeding. The studies have demonstrated
the association between activation of the systemic
inflammatory response and threatened abortion and
early pregnancy loss (17,18).

Recent studies have demonstrated the involve-
ment of the inflammatory cell response in the
pathophysiology of chronic diseases, such as hy-
pertension, cardiovascular disorders, rheumatologic
diseases, and the majority of cancer types.
Numerous biochemical and hematologic markers
reflect systemic inflammation. In recent years, de-
termination of complete blood cell indices calcu-
lated from complete blood count has become popu-
lar and has been found in the literature to be associ-
ated with the diagnosis and prognosis of various
diseases associated with inflammation (19).

The NLR ratio, an indicator of systemic inflam-
matory response, is associated with many diseases

Table Ill: Regression Analyses for Risk of Spontaneous Abortion in the Study Population and ROC analyses for optimal SIRI and

NLR value

Regression Analyses OR 95 % ClI SD B SE Wald p

SIRI 1.254 1.076-1.465 1 0.229 0.068 8.493 0.003
NLR 1.124 1.084-1.347 1 1.126 0.063 16.684 0.045
ROC Analyses AUC 95 % ClI SE Sensitivity Specificity Cut-off value p

SIRI 0.67 0.59-0.74 0.039 68.7% 65.8% 2.11 <0.001
NLR 0.65 0.58-0.73 0.03 61.4% 60% 2.0 <0.01

OR- Odds Ratio; ClI: Confidence Interval; ROC: Receiver Operating Characteristic; AUC: Area Under Curve; SE: Standard Error; SIRI: Systemic

Inflammatory Response Index; NLR: Neutrophil-Lymphocyte Ratio. p<0.05 was considered significant.
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such as coronary artery disease, rheumatologic diseases, and
cancer, and also with adverse pregnancy outcomes such as
preeclampsia, gestational diabetes, and intrahepatic cholesta-
sis of pregnancy (20,21,22,18). Bas et al. found that NLR and
WBC were significantly higher in pregnant women with spon-
taneous abortion than in healthy pregnant women, and NLR
and WBC can be used for the risk assessment of spontancous
abortion in pregnancy (18). However, in their study of preg-
nant women diagnosed with TM, Feng et al. did not find a sta-
tistically significant difference in the prognosis of abortion
with other inflammatory markers other than the lympho-
cyte/monocyte ratio (23). Ata et al. found no significant dif-
ferences in terms of neutrophil count and NLR between preg-
nant women with spontaneous abortion, threatened abortion,
and healthy pregnant women (17). In our study, platelet and
neutrophil count and NLR were found significantly higher in
the spontaneous abortion group than the control group, and in
logistic regression analyses, we found that when the NLR in-
creases by 1 unit, the risk of abortion increases by 12.4%
(OR=1.124).

In recent years, a novel inflammation marker, SIRI, has
been found as a new systemic inflammatory response param-
eter and shown to it can be used as a prognostic marker for
various neoplasms, including pancreatic, esophageal, gastric,
nasopharyngeal, ovarian, and endometrial cancer. High score
was found to be associated with a poorer prognosis and a more
advanced stage (9,10-24). Although there are studies about
SIRI and cancer, the significance of this index for pregnancy
and pregnancy-related complications is not well known.
Seyhanli et al. found that SIRI can be used as a marker for pre-
dicting the risk of preeclampsia in the first trimester (25), and
Ipek et al. found that SIRI level was significantly higher in
pregnant women with HELLP syndrome (26). However, the
studies investigating the association between SIRI and spon-
taneous abortions are limited in the literature. Sert et al. re-
ported that the systemic immune index (thrombocyte x neu-
trophil/lymphocyte) ratio was significantly higher in pregnant
women with missed abortions than in healthy pregnant
women (27). A study by Agaoglu et al. revealed that the SIRI
rate was higher in cases of first pregnancy loss, and that both
the SIRI and SII rates were higher in cases of recurrent preg-
nancy loss compared to the control group (28). However, there
is no study about the SIRI level and spontaneous abortion in
the literature. In our study of pregnant women presented with
TM, we found that pregnant women who ended with sponta-
neous abortion had a significantly higher mean SIRI score
than pregnant women without abortion, and it was found that
when the SIRI level increases by 1 unit, the risk of abortion in-
creases by 25.4% (OR=1.254).

The primary strength of our study lies in its ability to pre-
dict the risk of abortion in patients diagnosed with abortion
imminence, obviating the necessity for additional invasive
procedures. This aspect is particularly noteworthy given the
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paucity of literature addressing this crucial issue. The main
limitations of our study were the retrospective design and the
small number of patients. In addition, no power analysis was
used to determine the sample size, and patients who qualified
for inclusion criteria between the indicated years were in-
cluded in the study. However, future studies with a larger
number of pregnant women and serial measurement of SIRI
level are needed to confirm our results and to determine the
optimal cut-off value for predicting spontaneous abortion.

Despite these limitations, we demonstrated that SIRI, a
simple parameter calculated from routine CBC count, could
be used for the prediction of spontaneous abortion in pregnant
women presented with TM.
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