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Abstract
Background: We aimed to predict the efficacy of the sys-
temic immune-inflammatory index (SII) in predicting missed 
abortions. Methods: In this retrospective study, we analyzed 
the data of women diagnosed with a missed abortion be-
tween gestational weeks 7–12 at our clinic from January 
2018 to December 2021. The control group consisted of 
women in healthy pregnancies who were at the same gesta-
tional weeks. The demographic characteristics of participants, 
SII (neutrophil count x platelet count/lymphocyte count), 
platelet-lymphocyte ratio (PLR), and neutrophil-lymphocyte 
ratio (NLR) values were evaluated in both groups. Results: 
A total of 142 missed abortion group and 142 control group 
were included. SII was found to be statistically significantly 
higher in the missed abortion group than in the control 
group (917.1 ± 549.7 and 557.1 ± 193.7, respectively; p < 
0.001). In the logistic regression model, SII was found to be 
an independent predictor of a missed abortion (odds ratio = 
2.85, 95% confidence interval: 1.34–4.15, p < 0.001). We 
found that the diagnostic value of SII (area under the curve 
[AUC]: 0.765) was higher than PLR (AUC: 0.711) or NLR (AUC: 
0.703) alone in patients with a missed abortion. We deter-
mined that an SII value of >709.75 predicted the develop-
ment of a missed abortion with 64.0% sensitivity and 80.9% 

specificity. Discussion: In recent years, complete blood 
count parameters have been increasingly used as an indica-
tor of systemic inflammation. Although there are many stud-
ies in the literature investigating the relationship of a missed 
abortion with PLR and NLR, there is limited research evaluating 
the relationship of this clinical condition with SII. We deter-
mined that SII obtained from the combination of lympho-
cyte, platelet, and neutrophil counts was more valuable than 
evaluating these parameters by dividing them separately. 
Conclusion: Our results show that there is a significant rela-
tionship between SII and a missed abortion, and therefore SII 
can be used as a predictive marker of this clinical condition.

© 2022 The Author(s).
Published by S. Karger AG, Basel

Introduction

Early pregnancy loss is one of the most common prob-
lems encountered in the reproductive period, with ap-
proximately 26% of all pregnancies being reported to 
result in miscarriage [1, 2]. A missed abortion may have 
no obvious symptoms in the early period, but it is seen 
in approximately 10% of clinically detected pregnancies 
[1, 2]. Eighty percent of miscarriages occur in the first 
12 weeks of pregnancy, and after this week, the risk of 
miscarriage gradually decreases [1]. Factors such as mal-
formations, uterine anomalies, chromosomal anomalies, 
endocrine disorders, infections, and immunological factors 
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may cause a missed abortion; however, the underlying 
pathophysiological mechanisms remain unclear. In the 
literature, inflammatory cytokines such as interferon-
gamma, TNF, IL-15, IL-12, IL-10, IL-6, and soluble IL-2 
receptor have been reported to increase in the serum or 
plasma of patients with a missed abortion [3–5]. In stud-
ies, it has been reported that defective placentation can 
cause a missed abortion, which can cause a maternal sys-
temic inflammatory response [6, 7]. These findings sug-
gest that inflammation plays an important role in the 
development of a missed abortion.

Recently, there has been an increase in studies on the 
role of complete blood count (CBC) parameters in determin-
ing systemic inflammation because this is a simple, quick, 
cheap, and accessible test. Parameters such as platelet-
lymphocyte ratio (PLR) and neutrophil-lymphocyte ratio 
(NLR) have been shown to be strong markers of inflam-
mation, and it has been reported that they can be used to 
determine the prognosis of many inflammatory diseases 
[8, 9]. The systemic immune-inflammatory index (SII) 
has been defined as a next-generation inflammatory bio-
marker consisting of a combination of neutrophil, lym-
phocyte, and platelet counts [10]. SII has been shown to 
be an independent prognostic factor, especially in malig-
nancies [11, 12]. As a marker of the inflammatory process, 

SII is also likely to be a predictive factor for early preg-
nancy loss. In this study, we evaluated whether SI could 
be used to predict a missed abortion.

Materials and Methods

Study Design and Participants
In this study, we retrospectively analyzed the data of women 

diagnosed with a missed abortion in our clinic between January 1, 
2018, and December 31, 2021. The study included women over 
the age of 18 years, who were diagnosed with a missed abortion 
at seven to 12 weeks of gestation. A control group was formed 
with women in healthy pregnancies, who were at the same gesta-
tional age, did not have any systemic disease that could affect 
CBC, and did not have any complications in their follow-up until 
delivery.

Patients whose complete records could not be reached, those 
with multiple pregnancies, and those with a history of hemato-
logical or inflammatory conditions, recurrent miscarriages, thy-
roid dysfunction, history of thrombosis, anticoagulant use, uterine 
anomalies, fever of unknown origin, or active infection were ex-
cluded from the study.

Data Collection
The patients’ age, gestational age, parity, gravida, history of sin-

gle or multiple pregnancies, obstetric ultrasonography findings, 
and laboratory results were obtained from the hospital-based elec-
tronic medical records. Gestational age was determined according 

Table 1. Demographic features and 
hematological parameters of the groups Variables Missed abortion  

(n = 142)
Control group  
(n = 142)

p value

Age, years 28.7±6.9 27.1±5.2 0.113
Gravida 2.8±1.5 2.6±1.6 0.088
Parity 1.2±1.1 1.2±1.3 0.507
Gestational age, week 7.9±1.7 7.6±1.2 0.343
White blood cell (×109/L) 9.2±2.6 9.7±2.6 0.185
Hemoglobin (g/dL) 12.9±1.1 12.7±1.3 0.067
Hematocrit (%) 38.3±2.9 37.9±3.1 0.298
Platelet (×109/L) 271.8±63.2 253.4±65.5 0.030
Neutrophil (×109/L) 6.8±2.6 5.5±1.6 <0.001
Neutrophil (%) 68.3±8.6 65.1±10.1 0.026
Lymphocyte (×109/L) 2.21±0.70 2.53±0.52 <0.001
Lymphocyte (%) 23.6±7.0 24.7±4.0 0.029
Monocyte (×109/L) 0.48±0.18 0.57±0.16 <0.001
Monocyte (%) 5.29±1.55 5.41±1.82 0.071
MLR 0.22±0.07 0.24±0.09 0.237
NLR 3.45±2.18 2.30±0.90 <0.001
PLR 131.9±41.1 104.9±39.3 <0.001
SII 917.1±549.7 557.1±193.7 <0.001

Data are presented as mean ± standard deviation. NLR, neutrophil-lymphocyte ratio; 
PLR, platelet-lymphocyte ratio; MLR, monocyte-lymphocyte ratio; SII, systemic immune-
inflammation index.
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to the last menstrual period and confirmed by ultrasonographic 
measurement. A missed abortion was defined as the absence of 
fetal cardiac activity between gestational weeks 7–12.

Laboratory Parameters
First-trimester (7–12 weeks) hemogram parameters, including 

platelet count, neutrophil count, and lymphocyte count, were de-
termined. In laboratory measurements, the hemogram parameters 
first measured when the patients were admitted to the hospital 
were used. CBC parameters were studied using an automatic ana-
lyzer (Mindray BC-6000). PLR was calculated by dividing the 
platelet count by the lymphocyte count, and NLR by dividing the 
neutrophil count by the lymphocyte count. SII was calculated with 
the formula, neutrophil count x platelet count/lymphocyte count 
[10].

Statistical Analysis
Data were analyzed in the IBM SPSS 22 statistical program. 

Descriptive statistics were presented as mean ± standard deviation. 
The Kolmogorov-Smirnov test was used to check whether the 
variables fit the normal distribution. In the analysis of numerical 
variables, the Student’s t test was used. Odds ratio (OR) and 95% 
confidence interval (CI) were obtained by performing univariate 
and multivariate logistic regression analyses. The diagnostic per-
formance of SII, PLR, and NLR in determining the risk of a missed 
abortion was evaluated with the receiver operating characteristic 
(ROC) test. The area under the curve (AUC), cut-off, specificity, 
sensitivity, and positive and negative predictive values were calcu-
lated. The comparison of the AUC values was undertaken using 
the DeLong test, and the optimum cut-off levels were determined 
using Youden’s index. A p value of <0.05 was considered statisti-
cally significant.

Results

There were 142 patients in the study group and 142 in 
the control group. The mean age was 28.7 ± 6.9 years for 
the patients with a missed abortion and 27.1 ± 5.2 years 

for the controls. The demographic characteristics and 
hematological parameters of the patients are shown in 
Table 1. The SII value at the time of admission was 917.1 
± 549.7 in the missed abortion group and 557.1 ± 193.7 
in the control group. SII levels were higher in the missed 
abortion group than in the control group (p < 0.001). 
The multiple logistic regression analysis was conducted 
between platelets, neutrophils, lymphocytes, monocytes, 
NLR, PLR, and SII, which were determined to be statisti-
cally significant variables in the univariate analysis. In the 

Table 2. Predictors of missed abortion as 
determined by the univariate and 
multivariate logistic regression analyses

Variables Univariate logistic regression Multivariate logistic regression

OR (95% CI) p value OR (95% CI) p value

Platelet (×109/L) 1.36 (1.10–2.46) 0.030 1.54 (0.81–3.85) 0.078
Neutrophil (×109/L) 2.13 (1.65–4.86) <0.001 1.68 (1.23–5.97) 0.024
Neutrophil (%) 2.07 (1.05–4.06) 0.026 1.86 (0.84–4.13) 0.121
Lymphocyte (×109/L) 0.77 (0.65–0.92) <0.001 0.81 (0.68–0.93) <0.001
Lymphocyte (%) 0.69 (0.42–0.93) 0.029 0.88 (0.47–2.46) 0.113
Monocyte (×109/L) 0.74 (0.64–0.89) <0.001 0.73 (0.63–0.86) <0.001
NLR 1.22 (1.05–2.65) <0.001 1.04 (1.03–3.98) 0.024
PLR 1.71 (1.16–2.32) <0.001 2.15 (1.05–2.78) 0.019
SII 2.43 (1.49–3.69) <0.001 2.85 (1.34–4.15) <0.001

OR, odds ratio; CI, confidence interval; NLR, neutrophil-lymphocyte ratio; PLR, platelet-
lymphocyte ratio; SII, systemic immune-inflammation index.
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Fig. 1. ROC curve analysis of the relationship between SII and 
missed abortion.
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multivariate logistic regression analysis, SII (OR = 2.85, 
95% CI: 1.34–4.15, p < 0.001), PLR (OR = 2.15, 95% CI: 
1.05–2.78, p = 0.019), and NLR (OR = 1.04, 95% CI: 1.03–
3.98, p = 0.024) were found to be independent predictors 
of a missed abortion (Table 2). The cut-off values of SII, 
PLR, and NLR in predicting a missed abortion were de-
termined using the ROC curve analysis (shown in Fig. 1). 
We found that SII had a higher predictive power for a 
missed abortion (AUC: 0.765) than PLR (AUC: 0.711) or 
NLR (AUC: 0.703) alone. We also determined that an SII 
value of >709.75 predicted a missed abortion with 64.0% 
sensitivity and 80.9% specificity (Table 3).

Discussion

In this study, we investigated whether SII could be 
used to predict a missed abortion at seven to 12 weeks of 
gestation. We found a statistically significantly higher SII 
value -in the missed abortion group compared to the con-
trol group (p < 0.001). In the ROC analysis, we found that 
at the cut-off value of 709.75, SII had 64.0% sensitivity 
and 80.9% specificity in predicting a missed abortion 
(AUC = 0.765, 95% CI: 0.71–0.81). SII presented as a suit-
able screening tool for a missed abortion between gesta-
tional weeks 7–12.

In recent years, CBC parameters have been increasingly 
used as an indicator of systemic inflammation [9, 13]. NLR 
and PLR have been frequently investigated for this purpose. 
In many studies in the literature, the relationship between a 

missed abortion and NLR, PLR and mono-cyte-lymphocyte 
ratio has been evaluated, and the prognostic significance 
of these measurements has been explored [14–16]. How-
ever, the relationship of NLR and PLR with a missed abor-
tion remains unclear. In a study conducted with patients 
diagnosed with a missed abortion between gestational 
weeks 6–14, it was shown the PLR and NLR values were 
significantly higher in the study group than in the control 
group [14]. In another study, it was reported that the PLR 
and NLR values could be important markers in the pre-
diction of early pregnancy loss [15]. In contrast, Liu et al. 
[16] evaluating 400 women with ≤12 weeks of pregnancy 
(200 patients with missed abortion and 200 women with 
normal pregnancies but terminated by artificial abor-
tion), found no correlation between PLR and NLR and a 
missed abortion. In our study, we found that the PLR and 
NLR values -were higher in patients with a missed abor-
tion compared to the healthy pregnant group. These re-
sults suggest that inflammation may play an important 
role in the pathogenesis of a missed abortion.

There is a mild systematic inflammatory response in 
normal pregnancy. The number of leukocytes increases, 
neutrophils and monocytes are activated, and the con-
centrations of inflammatory cytokines (IL-6 and TNF-α) 
in the circulation increase [17, 18]. Cytokines such as IL-2 
and IFN-γ, which are the products of Th1 cells, and 
TNF-α, IL-1, IL-6, which are the products of activated 
macrophages, are associated with miscarriage and affect 
the circulating inflammatory state [7, 19]. However, many 
of these markers are not readily available, are costly to 

Table 3. Analysis of the area under the 
ROC curve for missed abortion NLR PLR SII

AUC (95% CI) 0.703 (0.646–0.756) 0.711 (0.655–0.763) 0.765 (0.711–0.813)
Cut-off value >2.59 >107.80 >709.75
Sensitivity (95% CI) 64.0 (55.6–72.0) 70.4 (62.2–77.8) 64.0 (55.6–72.0)
Specificity (95% CI) 71.1 (62.9–78.4) 63.3 (54.9–71.3) 80.9 (73.6–87.1)
+LR (95% CI) 2.22 (1.7–3.0) 1.92 (1.5–2.4) 3.37 (2.3–4.8)
−LR (95% CI) 0.50 (0.4–0.6) 0.47 (0.4–0.6) 0.44 (0.4–0.6)
PPV (95% CI) 68.9 (60.3–76.7) 65.8 (57.7–73.3) 77.1 (68.5–84.3)
NPV (95% CI) 66.4 (58.3–73.9) 68.2 (59.5–76.0) 69.3 (61.7–76.2)
p value 0.002a 0.819b 0.042c

ROC, receiver operating characteristic; AUC, area under the curve; +LR, positive likelihood 
ratio; −LR, negative likelihood ratio; PPV, positive predictive value; NPV, negative predictive 
value, CI, confidence interval; NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte 
ratio; SII, systemic immune-inflammation index. a p values obtained from the paired 
comparison of the AUC values between SII and NLR. b p values obtained from the paired 
comparison of the AUC values between NLR and PLR. c p values obtained from the 
paired comparison of the AUC values between SII and PLR.
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measure, and have limited clinical use. SII is a simple, in-
expensive, and easily accessible new-generation inflam-
mation marker obtained using platelet, neutrophil, and 
lymphocyte counts [10]. It has been shown that SII can be 
used as a prognostic predictor in premature rupture of 
membranes, malignancies, and coronary artery disease 
[12, 20, 21]. A recent study reported that high SII values 
in early pregnancy may be used as an additional marker 
for the prediction of miscarriage in pregnant women with 
threatened abortion [22]. Although there are many stud-
ies in the literature investigating the relationship of a 
missed abortion with PLR and NLR, there is limited re-
search evaluating the relationship of this clinical condi-
tion with SII. We determined that SII obtained from the 
combination of lymphocyte, platelet, and neutrophil 
counts was more valuable than evaluating these parame-
ters by dividing them separately.

This study has certain limitations. The first concern is 
its retrospective and single-center design. Second, the 
number of patients was small. Third, the SII, PLR, and 
NLR values were calculated using routine tests performed 
at the time of diagnosis for patients diagnosed with a 
missed abortion. Therefore, we were not able to observe 
changes in the CBC parameters before the event. Investi-
gating changes in a specific time period can provide more 
information on the prediction of a missed abortion.

Conclusion

We determined that SII was higher in the missed abor-
tion group compared to the control group. Our results 
show that there is a significant correlation between SII 

and a missed abortion, and therefore, SII can be used 
as a predictive marker of this clinical condition.
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