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First-Trimester Threatened Abortion: Can Red Blood Cell Distribution
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ABSTRACT

OBJECTIVE: The objective of the study was to investigate the predictive value of red blood cell distribution
width-standard deviation (RDW-SD) and another complete blood count (CBC) derived blood markers in pa-
tients presenting with threatened abortion concerning miscarriage.

STUDY DESIGN: This retrospective cross-sectional study included a cohort of 222 women with threatened
abortion in the first trimester. The study group consisted of 114 patients who underwent miscarriage, and
the control group included 108 pregnant women who delivered at term. The prognostic potential of RDW-
SD and other CBC indices, readily obtainable from blood counts at the presentation of threatened abortion,
was examined in the context of miscarriage development. The predictive value was calculated using the
Receiver Operating Characteristic (ROC) curve.

RESULTS: The analysis revealed a statistically significant decline in RDW-SD within the miscarriage cohort
compared to the control group. Notably, no statistically significant differences were identified in the neu-
trophil-lymphocyte ratio (NLR), derived NLR (DNLR), systemic inflammatory immune index (Sll), platelet-to-
lymphocyte ratio (PLR), and delta neutrophil index (DNI).

CONCLUSION: In this study, we found that RDW-SD, as a novel inflammatory mediator may be a useful
marker for miscarriage in first trimester bleeding. However, it should be noted that traditional CBC indices,
including NLR, DNLR, SlI, PLR, and DNI, were found to be unsuitable indicators for miscarriage in threat-
ened abortion.
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Introduction

A threatened abortion (TA) is defined as vaginal bleeding the first half of pregnancy (1). Bleeding is a prevalent compli-
accompanied by a closed cervical os in the presence of a vi- cation of pregnancy, affecting 7 to 24% of pregnancies in the
able intrauterine pregnancy confirmed by ultrasound during first trimester (2). Currently, multiple etiologic factors, such

as genetic, immunological, endocrine, thrombophilic, and in-
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pregnancy as a predictor of hypertensive disorders, intrahep-
atic cholestasis, and recurrent pregnancy loss (10-12).

The utilization of CBC-derived parameters for predicting
miscarriage has garnered recent attention (4,5,13). However,
studies on this topic exhibit substantial heterogeneity, often
employing healthy pregnant women without bleeding as a
control group (13,14). Consequently, their predictive efficacy
for miscarriage in patients experiencing threatened abortion
has been limited. This study was aimed at investigating the
RDW-SD level and other CBC-derived blood markers such as
platelet large cell ratio (P-LCR), delta neutrophil index (DNI),
neutrophil-to-lymphocyte ratio (NLR), derived neutrophil-to-
lymphocyte ratio (dNLR), lymphocyte-to-monocyte ratio
(LMR), platelet-to-lymphocyte ratio (PLR), systemic inflam-
mation index (SII), systemic inflammation response index
(SIR-I), pan-immune inflammation value (PIV), and RDW
platelet ratio (RPR) in first-trimester bleeding to predict mis-
carriage, using the TA group as a control instead of the healthy
pregnant group compared to the previous literature.

Material and Method

This retrospective cross-sectional study was conducted
among patients who presented with threatened miscarriage be-
tween January 1, 2020, and October 31, 2023, in a tertiary care
center where high-risk pregnancies are managed. The requi-
site approval for the study was obtained from the ethics com-
mittee at Mersin University (Decision No. 20023/774). The
study was conducted in accordance with the principles out-
lined in the Declaration of Helsinki. Data related to patients
were collected from the electronic records of the hospital. As
the study was retrospective and patient data were collected
anonymously, the study was conducted without the need for
informed consent.

Subjects: The research protocol involved a cohort of 222
pregnant women who were admitted with a diagnosis of
threatened abortion during the first trimester. The pregnant
women were categorized into two groups: those who experi-
enced vaginal hemorrhage resulting in miscarriage throughout
the first trimester (n=114) (miscarriage group) and individu-
als who experienced vaginal hemorrhage during the matched
gestational week but who delivered at full term (control
group) (n=108). In accordance with the abortus imminence al-
gorithm employed at our clinic, routine blood tests are con-
ducted at the time of diagnosis for all pregnant women pre-
senting with first-trimester bleeding. These pregnant women
were not subjected to any form of medical or surgical inter-
vention before the blood test. The inclusion criteria were a
confirmed singleton live pregnancy verified by ultrasonogra-
phy and the presence of first-trimester vaginal bleeding.
Patients who had inadequate data, fetal structural abnormali-
ties detected by ultrasonography, uterine structural anomalies,
a history of recurrent miscarriages, acute or chronic infections,

other concurrent medical conditions, progesterone use, alco-
hol addiction, and smoking were excluded from the study.

Sample collection: The study collected the maternal age,
BMI (body mass index), antenatal history, and gestational
week at which vaginal bleeding was observed. The gestational
age was determined based on the crown-rump length (CRL)
obtained through ultrasonography. At our hospital, we con-
duct a standard evaluation for pregnant women who experi-
ence vaginal bleeding. This entails employing ultrasonogra-
phy to assess the viability of the pregnancy, evaluating the
cervical length, and conducting laboratory tests such as a com-
plete blood count, coagulation parameter tests, and liver en-
zyme tests. Markers of inflammation that are derived from the
CBC, such as RDW-SD, plateletcrit (PCT), mean platelet vol-
ume (MPV), P-LCR, delta neutrophil index (DNI), NLR,
dNLR, LMR, PLR, SII, SIR-I, aspartate transaminase/platelet
ratio (APRI), pan-immune inflammation value (PIV), and
RPR were compared between the miscarriage and control
group. DNI represents the number of immature granulocytes.
The inflammatory scores have been calculated using the fol-
lowing formulas: NLR=absolute neutrophil count (ANC)/ ab-
solute lymphocyte count (ALC); PLR=absolute platelet count
(APC)/ absolute lymphocyte count (ALC); MLR=absolute
monocyte count (AMC)/ALC; SI=APCxANC)/ALC;
SIRI=AMCxANC/ALC; PIV=APCxAMC/ALC, APRI=as-
partate transaminase/APC.

Statistical analysis

The data were analyzed using the SPSS (Statistical
Package for Social Sciences) 18.0 package program. In de-
scriptive analyses, frequency data were expressed as numbers
(n) and percentages (%), and numerical data were given as
arithmetic mean + standard deviation (SD) and median (1-3rd
quartile (IQR)). The compatibility of the numerical data with
the normal distribution was analyzed by the Kolmogorov-
Smirnov test. The distribution of normally distributed numer-
ical data in two independent groups was assessed using the
Independent Samples t-test, and the distribution of non-nor-
mally distributed numerical variables in two independent
groups was evaluated with the Mann-Whitney U test. The cut-
off point determination characteristics of the variables for the
presence of imminence were evaluated by ROC (Receiver
Operating Characteristics) curve analysis. The statistical sig-
nificance level was set at p<0.05 for all tests.

Results

A total of 222 pregnant women with a diagnosis of threat-
ening abortion in the first trimester, 114 of whom had a mis-
carriage and 108 of whom gave birth at term, were included in
the study. The control group consisted of patients who were
diagnosed with threatening abortion and then had a term birth.
Table 1 presents the demographic data of the patients and the
clinical characteristics observed at initial admission.



Table I: Demographic and clinical characteristics of the groups
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37.0 (33.0-40.0)

36.0 (31.0-40.0)

Control (n=108) Miscarriage (n=114) p
X £SD/median (min-max) X+SD/median (min-max)

Age (years) 30.8215.14 30.8546.32 0.066*
30.5 (26.2-35.0) 30.5 (27.0-35.0)

BMI (kg/m2) 24.30+£3.42 23.81£3.48 0.335*
23.5 (22.0-27.0) 24.0 (20.7-27.0)

Gravidity 2.43+2.16 2.55+1.50 0.174*
2.0 (0.0-3.0) 2.0 (1.0-3.2)

Parity 0.70£0.92 0.75+£1.50 0.946*
0.0 (0.0-1.0) 2.0 (1.0-3.2)

Gestational week of threatening abortion 9.60+2.46 8.25+1.96 0.845**
9.6 (7.4-11.4) 7.8 (6.5-9.5)

Cervical length (CL) (mm) 36.8845.24 35.5045.45 0.473*

*: Independent Samples t-test. **: Mann Whitney U Test

The distribution of CBC parameters and derived scores
measured in the control and miscarriage groups are given in
Table II. RDW-SD was found to be significantly lower in the
miscarriage group compared to the control group (p=0.021).
There was no statistically significant difference in the distri-
bution of other laboratory parameters (p>0.05).

ROC curve analysis was performed to find the RDW-SD
parameter's cut-off point for identifying patients who are
likely to have a miscarriage (Figure 1). For the RDW-SD
value, values of 39.30 and less were found to predict the diag-
nosis of miscarriage with 50.6% sensitivity and 34.3% speci-
ficity. The area under the curve was 0.390 (p=0.021; confi-
dence interval: 0.298-0.482).
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Figure 1: ROC curve analysis of the RDW-SD for predicting
miscarriage

Discussion

The main outcomes of the current study are as follows:
Our initial findings of the study indicated that RDW-SD had a

significant predictive value for missed abortion in patients
with first-trimester vaginal bleeding. To the best of our knowl-
edge, this is the first study in the threatened abortion popula-
tion to find that RDW-SD is reduced in miscarriage patients.
The secondary outcome is that DNI, LMR, NLR, PLR, SII,
SIRI, APRI, RPR, and dNLR values were inadequate for pre-
dicting miscarriage in threatened abortion patients.

Understanding threatened abortion is important for both
women and their obstetricians to plan antenatal care and con-
sider the management of pregnancy. While the focus has been
on fetal viability, it is important to consider predicting mis-
carriage, as this may help in managing maternal anxiety. In re-
cent years, CBC parameters as systemic markers of inflam-
mation have received increasing attention in the prediction of
miscarriage due to their advantages of simplicity, cost-effec-
tiveness, and universal availability (14-16). Nevertheless,
there are inconsistent reports addressing the utilization of
these inflammatory markers during pregnancy (17,18).

The severity of inflammation could be directly related to
the predictive value of inflammatory markers (19). DNI, a
novel inflammatory index, was found to be increased in histo-
logical chorioamnionitis, an example of severe inflammation
(20), but was not associated with hyperemesis gravidarum,
characterized by mild inflammation (21). In line with our re-
search, Yakistiran et al., similarly found that DNI did not
show a statistically significant difference in predicting mis-
carriage (14). Kale et al. found a significant increase in NLR
compared to healthy pregnant women with miscarriage (15);
however, in our study, we included the control group from the
threatened abortion patient population, which may explain
why we did not find a significant increase in NLR. Similar to
our results, Liu et al., also found that NLR and PLR could not
be indicators for miscarriage, in contrast to our results, they
found that MPV was significantly decreased in patients with
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Table II: Comparison of laboratory parameters and inflammatory scores between miscarriage and control groups

Control (n=108) Miscarriage (n=114) p
X +SD/median(min-max) X +SD/median(min-max)
Hemoglobin (g/dL) 11.99+1.15 12.15+1.42 0.064*
12.0 (11.2-12.9) 12.0 (11.2-13.1)
MCHC (g/dL) 34.35+1.23 33.93+£1.95 0.160**
34.0 (33.7-35.0) 34.0 (33.0-35.0)
Lymphocyte (10%/uL) 2.14+0.77 2.28+0.86 0.257**
2.0 (1.7-2.3) 2.0 (1.7-2.7)
Monocyte (10%/uL) 0.64+0.35 0.60 £ 0.19 0.604**
0.6 (0.4-0.7) 0.5 (0.4-0.7)
Neutrophil 6.35+2.22 6.79 +2.78 0.488*
(10%/uL) 6.2 (4.8-0.7) 6.5 (4.9-7.8)
Platelet 270.30+65.10 267.85 + 84.82 0.906**
(x1000 mL) 266.0 (220.5-320.0) 268.5 (219.7-304.2)
PDW (fL) 12.42 +2.21 12.47+2.27 0.803**
12.0 (11.0-14.0) 12.0 (11.0-14.0)
RDW-SD (fL) 41.22 +3.75 40.15+4.17 0.021**
40.8 (38.2-43.8) 39.4 (37.4-41.4)
MPV (fL) 10.52+1.08 10.36+0.91 0.235*
10.5 (9.8-11.1) 10.4 (9.6-11.0)
PCT (%) 0.28+0.08 0.28+0.08 0.949**
0.28 (0.24-0.32) 0.28 (0.24-0.32)
P-LCR (%) 29.8048.48 28.05+8.04 0.587*
29.2 (22.9-34.5) 28.9 (22.4-33.7)
DNI 0.42+0.28 0.37+0.20 0.622**
0.30 (0.30-0.50) 0.30 (0.30-0.40)
LMR 3.69+1.35 3.95+1.48 0.123**
3.43 (2.78-4.28) 3.91 (2.94-4.64)
NLR 3.25+1.77 3.26+1.71 0.910**
2.85 (2.24-3.83) 2.82 (2.11-3.97)
PLR 136.61+48.79 126.79+47.48 0.139**
132.3 (98.7-166.9) 118.4 (95.4-150.7)
Sl 875.09+486.28 866.12+566.31 0.622**
773.3 (539.4-1066.4) 755.5 (536.3-997.1)
SIRI 2.03+1.30 2.06+1.43 0.756**
1.7 (1.1-2.6) 1.7 (1.0-2.5)
PIV 563.75+409.44 568.93+577.56 0.524**
441.8 (277.5-719.5) 447.3 (264.2-660.7)
APRI 0.11+0.06 0.12+0.19 0.393**
0.09 (0.06-0.13) 0.09 (0.06-0.12)
RPR 0.05+0.01 0.06+0.09 0.736**
0.05 (0.04-0.06) 0.05 (0.04-0.06)
DNLR 0.89+0.13 0.90+0.13 0.614**
0.8 (0.8-0.9) 0.8 (0.8-0.9)
*: Independent Samples t-test. **: Mann Whitney U Test. The significant group comparison result was represented in bold.
miscarriage (4). Regarding the predictive value of mean ported a non-significant increase (22). Similarly, Kale et al.
platelet volume (MPV) for miscarriage, Akin et al. observed a found a non-significant decrease (15), which aligns with our

statistically significant increase (18), while Oglak et al., re- findings. There was no statistically significant difference in



the NLR, PLR, LMR, dNLR, SII, SIRI, and PIV parameters in
a study that predicted miscarriage with a smaller population
size (23). In the subgroup analysis of Soysal et al., SII, NLR,
MLR, PLR, and WBC parameters were significantly in-
creased in the miscarriage group (13). However, the subgroup
was quite limited.

Physiologically high RDW levels can occur due to ery-
thropoietin deficiency, exercise, and pregnancy (24). The
study conducted by Li et al. evaluated the evolution of RDW
values throughout the trimesters and revealed a consistent in-
crease originating in the first trimester (25). In this particular
context, the reduced RDW-SD could be interpreted as indicat-
ing a poor response of the pregnancy to bleeding. In healthy
individuals, it correlates with inflammatory parameters such
as plasma viscosity, ESR, fibrinogen, leukocyte, and neu-
trophil counts (26). Furthermore, there was a significant cor-
relation between RDW and inflammatory indicators such as
C-reactive protein (hs-CRP) and erythrocyte sedimentation
rate (ESR) in patients with rheumatoid arthritis (27). The as-
sociation between RDW-SD and inflammation has attracted
significant interest due to its identification as an independent
prognostic marker for mortality and morbidity in heart failure,
regardless of hemoglobin levels (28). Consistent with these
findings, our hemoglobin results did not show any significant
variation, meanwhile RDW-SD demonstrated a statistically
significant difference among the groups. Our study revealed
that lower RDW-SD values were indicative of miscarriage in
patients with threatened abortions, whereas higher RDW val-
ues were linked to a poorer prognosis in cancer patients (29).
In this context, it can be concluded that threatened abortion
patients who are unable to respond adequately to the inflam-
matory response that develops with bleeding and fail to in-
crease RDW-SD values as much as in the non-miscarriage
group are prone to miscarriage.

In their percutaneous coronary intervention study, Fatemi
et al. observed that patients with elevated RDW values expe-
rienced significant occurrences of major bleeding and vascu-
lar complications (30). The low RDW-SD observed in patients
present after bleeding in our study may serve as an indicator
of the severity of hemorrhage and inflammation in pregnant
women. It is understandable that pregnant women who have
miscarriages cannot adapt to the inflammatory response to
hemorrhage, whereas pregnant women with a continuing
pregnancy respond adequately to the inflammatory response
as an indicator of an increase in RDW-SD. The progression of
pregnancy to term will be possible with a successful inflam-
matory response in inflammation-inducing conditions such as
hemorrhage. If the level of inflammation at the feto-maternal
interface is outside the optimal range, miscarriage of kary-
otypically normal embryos may occur (31).

Limitations: The study exhibits both strengths and weak-
nesses. The primary limitations of biomarkers for predicting
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miscarriage are the retrospective design and the relatively low
statistical power. Nevertheless, this study is limited to a single
center and adheres to a standardized follow-up protocol. The
strength of our study lies in the assessment of a cost-effective
and user-friendly technique for underestimation. Moreover,
the incorporation of cervical length measurement, an aspect
that was not considered in prior studies, enhances the strength
of our study.

Conclusion

Although it is established that individuals experiencing
threatened abortion have an inflammatory response caused by
bleeding, it remains uncertain which patients are likely to have
miscarriages. There are conflicting studies on the use of CBC-
based inflammatory parameters in the prediction of miscar-
riages. Our study found that a low RDW-SD value is a valid
predictor of miscarriage in patients with threatened abortion.
Evaluating the validity of different CBC-based inflammatory
markers in comparison to RDW-SD in future prospective
studies on threatened abortion will help in predicting the de-
velopment of miscarriage.
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