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Abstract

Background: Pregnancy complicated with thrombocytopenia (PT) is the second most common hematologic disorder during gestation
and poses notable clinical challenges. This study aims to investigate the effects of thrombocytopenia severity and etiology on clinical
characteristics and maternal-neonatal outcomes. Methods: A retrospective analysis was conducted on 517 pregnant patients with PT
who delivered at the Affiliated Hospital of Nantong University between January 2012 and October 2020. Based on the lowest platelet
count (PLT), patients were classified into three groups: mild (50 × 109/L ≤ the lowest PLT < 100 × 109/L), moderate (30 × 109/L ≤ the
lowest PLT < 50 × 109/L), and severe (the lowest PLT <30 × 109/L). Based on etiology, they were classified into four groups: gestational
thrombocytopenia (GT), immune thrombocytopenia (ITP) in pregnancy, hypertensive disorder complicating pregnancy (HDCP), and
other etiologies. Clinical characteristics and maternal-neonatal outcomes were compared across groups. Results: GT was the most
common etiology of mild thrombocytopenia (76.06%), whereas ITP was the most frequent cause of severe cases (50.00%). Regarding
the impact of disease severity on maternal and neonatal outcomes, the severe group had the highest rates of cesarean delivery, blood
product transfusion, and neonatal intensive care unit (NICU) admission. Regarding the impact of etiology on outcomes, the HDCP group
had the highest rates of maternal referral, postpartum hemorrhage volume, birth asphyxia, NICU admission, and full-term low birth
weight (LBW) infants. The ITP group required blood product transfusion most frequently. In contrast, the GT group was associated
with the least adverse maternal-neonatal outcomes. Conclusions: GT is a benign condition, whereas both ITP and HDCP are associated
with higher risks of adverse maternal-neonatal outcomes. In the management of PT, both the etiology and severity should be evaluated
simultaneously.
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1. Introduction
Pregnancy complicated with thrombocytopenia (PT),

defined as a platelet count (PLT) below 150 × 109/L, is
the second most common hematologic disorder in preg-
nancy after anemia, with a reported incidence of approx-
imately 10% [1,2,3,4]. The etiology of PT is heteroge-
neous. Gestational thrombocytopenia (GT) is the most
common cause, accounting for approximately 75%of cases,
followed by hypertensive disorder complicating pregnancy
(HDCP), and immune thrombocytopenia (ITP) in preg-
nancy [5,6]. Other etiologies are relatively rare and include
conditions such as acute fatty liver of pregnancy, throm-
botic thrombocytopenic purpura, atypical hemolytic ure-
mic syndrome, aplastic anemia (AA), systemic lupus ery-
thematosus (SLE), leukemia, and viral infections [7].

GT is typically mild, occurs predominantly in the third
trimester of pregnancy, and usually does not require active
treatment beyond regular platelet monitoring, as it does not
significantly increase the risk of maternal or neonatal bleed-
ing [8]. Although GTmay recur in subsequent pregnancies,
its course and severity are usually similar to those in prior

pregnancies [9]. Compared with GT, ITP in pregnancy is
less common but is associated with more adverse outcomes,
such as an increased risk of maternal postpartum hemor-
rhage and neonatal thrombocytopenia [10,11]. The timing
of thrombocytopenia onset (most commonly occurring be-
fore or during early pregnancy) and PLT (significantly de-
creased) are independent predictors of ITP in pregnancy
[12]. However, these features alone are insufficient to reli-
ably differentiate ITP from GT. Hemolysis, Elevated Liver
enzymes, and Low Platelet count (HELLP) syndrome is
characterized by hemolytic anemia, elevated liver enzymes,
and a PLT below 100 × 109/L [13,14]. Severe preeclampsia,
occurring in 8% to 24% of cases, may progress to eclamp-
sia or HELLP syndrome and is associated with considerable
perinatal mortality. The only definitive treatment remains
delivery [1,13].

Given the complex etiology of PT, its clinical diagno-
sis and management present significant challenges. There-
fore, this study used a large clinical dataset to analyze the
impact of both the severity and etiology of PT on clinical
features, delivery modes, and maternal-neonatal outcomes.
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This provides obstetricians with an evidence-based founda-
tion for the perinatal management of these patients, aiming
to prevent adverse pregnancy outcomes.

2. Methods
2.1 Data Collection

This retrospective cohort study included pregnant pa-
tients delivered at the Department of Obstetrics and Gy-
necology, Affiliated Hospital of Nantong University, be-
tween January 1, 2012, and October 1, 2020. This study
was reviewed and approved by the Ethics Committee of the
Affiliated Hospital of Nantong University (2022-K049-01)
and was conducted in accordance with the Declaration of
Helsinki. Inclusion criteria were: (1) at least two recorded
PLT below 100 × 109/L during pregnancy, and (2) deliv-
ery at or beyond 28 weeks of gestation. Patients were ex-
cluded if they had incomplete clinical data precluding com-
plete case analysis, irregular antenatal examinations, or se-
vere pre-existing cardiopulmonary, hepatic, or renal dis-
eases. Finally, 517 pregnancies in 500 women were en-
rolled. Of these, 3.4% (17/500) involved two separate eli-
gible pregnancies during the study period; each pregnancy
was analyzed as an independent case. All the data were
extracted from the electronic medical records and the post-
partum follow-up of PLT recovery.

The following variables were systematically ex-
tracted:

(1) General patient characteristics: maternal age, pre-
delivery body mass index (BMI), gravidity, parity, number
of miscarriages, and gestational age at delivery.

(2) Laboratory parameters: lowest PLT during preg-
nancy, last PLT before delivery, and platelet parameters
(PLT, mean platelet volume [MPV], platelet distribution
width [PDW], and plateletcrit [PCT]), measured 1–3 days
prior to delivery.

(3) Maternal outcomes: timing of PT diagnosis (pre-
conception, first trimester [<14 weeks], second trimester
[14–27+6 weeks], third trimester [≥28 weeks]), mode of
delivery, indications for cesarean section, intrapartum and
postpartum hemorrhage volumes, incidence of postpartum
hemorrhage (for vaginal delivery, cutoffs for hemorrhage
are typically over 500 mL of blood loss and for cesarean
section over 1000 mL), use of carboprost, performance of
B-Lynch suture or uterine artery embolization (UAE), re-
quirement for maternal transfer to an intensive care unit
(ICU) or other specialty service, and need for platelet or
other blood product transfusion.

(4) Neonatal outcomes: birth weight, incidence of
full-term low birth weight (LBW) infants, Apgar score
(1- and 5-min), neonatal thrombocytopenia, birth asphyxia,
cephalhematoma, intracranial hemorrhage, and admission
to the neonatal intensive care unit (NICU).

2.2 Grouping Criteria
The 517 PT patients were stratified in two ways. First,

based on the lowest PLT during pregnancy, they were cate-
gorized into three severity groups: mild (50 × 109/L ≤ the
lowest PLT < 100 × 109/L), moderate (30 × 109/L ≤ the
lowest PLT < 50 × 109/L), and severe (the lowest PLT <30
× 109/L). Second, based on the etiology, the patients were
categorized into four groups:

GT, defined as: (1) no history of thrombocytopenia
before pregnancy (except in prior pregnancies); (2) PLT re-
turning to normal within 1–2 months postpartum; and (3)
exclusion of other causes of thrombocytopenia [15,16].

ITP, diagnosed according to the Chinese guideline on
the diagnosis and management of adult primary ITP (ver-
sion 2020) [17]: (1) at least 2 consecutive PLT <100 ×
109/L, with peripheral blood smear showing no significant
abnormalities in blood cell morphology; (2) absence of
splenomegaly in most cases; (3) bone marrow examination
showing increased or normalmegakaryocytes withmaturity
disorders; and (4) exclusion of other etiologies of thrombo-
cytopenia, including GT, preeclampsia, HELLP syndrome,
secondary ITP, infection-related thrombocytopenia, drug-
related thrombocytopenia, and AA.

HDCP: HDCP included gestational hypertension,
chronic hypertension, preeclampsia/eclampsia, andHELLP
syndrome. Thrombocytopenia is one of the diagnostic cri-
teria for severe preeclampsia and HELLP syndrome [18].
In this study, patients with thrombocytopenia caused by
HDCP were included.

Other etiologies: this group comprised patients with
thrombocytopenia due to other identified causes or of un-
known origin.

2.3 Statistical Analysis
Data were analyzed using SPSS v23.0 (IBM® SPSS®

Statistics, Armonk, NY, USA). For continuous variables,
normally or approximately normally distributed data were
expressed as mean ± standard deviation (SD) and compared
using one-way analysis of variance (ANOVA), whereas
non-normally distributed data were expressed as median
(Q1, Q3) and analyzed using the Kruskal-Wallis test. Cat-
egorical variables were expressed as n (%) and compared
using the chi-squared test or Fisher’s exact test. Variables
showing significance in univariate analyses were further
evaluated usingmultivariate regression to control for poten-
tial confounders, with multivariate linear regression applied
for continuous outcomes and logistic regression for binary
outcomes. A two-sided p-value < 0.05 was considered sta-
tistically significant. No formal statistical adjustments for
multiple comparisons were applied. The primary reason is
that this is an exploratory, hypothesis-generating observa-
tional study, and our analyses were aimed at describing as-
sociations and patterns rather than confirming a single pre-
specified primary hypothesis.
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Table 1. Relationship between etiology and severity of thrombocytopenia.
Total GT ITP HDCP Other etiologies

Mild 284 216 (76.06%) 6 (2.11%) 20 (7.04%) 42 (14.79%)
Moderate 149 70 (46.98%) 24 (16.11%) 6 (4.03%) 49 (32.89%)
Severe 84 9 (10.71%) 42 (50.00%) 1 (1.19%) 32 (38.10%)
Total 517 295 (57.06%) 72 (13.93%) 27 (5.22%) 123 (23.79%)
GT, gestational thrombocytopenia; ITP, immune thrombocytopenia; HDCP, hy-
pertensive disorder complicating pregnancy.

To assess the robustness of our findings to potential
clustering due to multiple pregnancies in the same women
(3.4% of the cohort), a sensitivity analysis was performed
by restricting the dataset to the first eligible pregnancy per
woman (n = 500 pregnancies). All primary multivariate re-
gression models were repeated on this restricted cohort us-
ing the same covariate adjustments.

3. Results
3.1 Relationship Between the Etiology and Severity of
Thrombocytopenia

As shown in Table 1, among the 517 cases, GT was
the most prevalent etiology (57.06%), followed by ITP
(13.93%), HDCP (5.22%), and other etiologies (23.79%).
The other etiologies group comprised unexplained etiol-
ogy (n = 102, where n is the number of patients), AA (n
= 6), Sjögren’s syndrome (n = 5), SLE (n = 4), undiffer-
entiated connective tissue disease (n = 2), myelodysplastic
syndromes (n = 1), hypersplenism (n = 1), Bernard-Soulier
syndrome (n = 1), and chronic nephritis (n = 1). Analysis
by disease severity showed that GT was the leading cause
of mild thrombocytopenia (76.06%), whereas ITP predom-
inated in severe cases (50.00%). The prevalence of HDCP
across the mild, moderate, and severe groups was 7.04%,
4.03%, and 1.19%, respectively.

3.2 Clinical Characteristics of Patients
Tables 2,3 present the clinical characteristics of the

pregnancies according to the severity and etiology of throm-
bocytopenia, respectively. Compared with the mild and
moderate groups, the severe group exhibited significantly
lower maternal age, gestational age at delivery, gravid-
ity, parity, and number of miscarriages (all p < 0.05; Ta-
ble 2). The timing of onset also differed markedly: mild
thrombocytopenia primarily occurred in the third trimester
(67.60%), whereas 45.24% of severe cases were present
prior to pregnancy (p < 0.001).

Analysis by etiology revealed significant differences
in maternal age, gestational age at delivery, pre-delivery
BMI, gravidity, and time of diagnosis (p < 0.05; Table
3). The HDCP group had higher maternal age, higher pre-
delivery BMI, and lower gestational age at delivery com-
pared with the other three groups. The onset of thrombocy-
topenia was predominantly in the third trimester for both
the GT (68.47%) and HDCP (96.30%) groups, whereas

it mainly occurred before pregnancy in the ITP group
(66.67%).

3.3 Platelet Parameters
Table 4 presents the platelet parameters (PLT, MPV,

PDW, and PCT) across different etiologies of thrombocy-
topenia, revealing statistically significant intergroup differ-
ences (p < 0.05). Table 5 further summarizes these dif-
ferences based on multivariate regression analysis. All the
platelet parameters in the ITP group were lower than those
in the GT group (p < 0.05), whereas no significant differ-
ences were observed between the HDCP group and the GT
group (p > 0.05).

To evaluate the diagnostic performance of the platelet
parameters for identifying the ITP in pregnancy, receiver
operating characteristic (ROC) curves were constructed
(Fig. 1). For PLT, the area under the curve (AUC) was
0.846 (95% confidence interval [CI]: 0.783–0.909; p <
0.001) with a sensitivity of 80.6%, specificity of 79.0%,
and a cutoff value of ≤57.9 × 109/L. For MPV, the AUC
was 0.669 (95% CI: 0.581–0.758; p = 0.001), with a sensi-
tivity of 92.5%, specificity of 36.9%, and a cutoff value of
≤12.95 fL. For PDW, the AUC was 0.629 (95% CI: 0.541–
0.717; p = 0.012), with a sensitivity of 65.0%, specificity of
58.6%, and a cutoff value of ≤17.25%. For PCT, the AUC
was 0.818 (95% CI: 0.727–0.909; p < 0.001), with a sensi-
tivity of 77.5%, specificity of 78.3%, and a cutoff value of
≤0.065 %.

3.4 Maternal Outcomes
Patients with severe thrombocytopenia presented sig-

nificantly higher rates of cesarean section and required
platelet or other blood product transfusion more frequently
than those in the mild and moderate groups (p < 0.05; Ta-
ble 6). However, thrombocytopenia severity was not sig-
nificantly associated with intrapartum hemorrhage volume,
postpartum hemorrhage volume, postpartum hemorrhage
incidence, or the need for B-Lynch sutures or UAE (p >
0.05). After adjustment for confounders (maternal age, pre-
delivery BMI, gestational age at delivery, gravidity, parity,
and number of miscarriages), the significant associations
between thrombocytopenia severity and adverse perinatal
outcomes (cesarean delivery and transfusion requirement)
remained unchanged (Table 7).
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Table 2. Clinical characteristics according to the severity of thrombocytopenia.
Characteristics Mild (n = 284) Moderate (n = 149) Severe (n = 84) p-value

Maternal age (years) 29.00 ± 4.60 27.54 ± 4.65 27.08 ± 4.08 <0.001
Pre-delivery BMI (kg/m2) 27.58 ± 3.62 27.55 ± 3.18 27.70 ± 3.74 0.944
Gestational age at delivery (weeks) 38.88 ± 1.63 38.73 ± 1.16 38.21 ± 1.63 0.002

Gravidity
1 110 (38.73%) 72 (48.32%) 49 (58.33%)

0.0162 86 (30.28%) 39 (26.18%) 21 (25.00%)
≥3 88 (30.99%) 38 (25.50%) 14 (16.67%)

Parity
0 157 (55.28%) 96 (64.43%) 59 (70.24%)

0.023≥1 127 (44.72%) 53 (35.57%) 25 (29.76%)

Number of miscarriages
0 168 (59.15%) 90 (60.40%) 63 (75.00%)

0.028≥1 116 (40.85%) 59 (39.60%) 21 (25.00%)

Time of diagnosis

Preconception 18 (6.34%) 34 (22.82%) 38 (45.24%)

<0.001
First trimester 14 (4.93%) 13 (8.72%) 13 (15.48%)
Second trimester 60 (21.13%) 46 (30.87%) 21 (25.00%)
Third trimester 192 (67.60%) 56 (37.59%) 12 (14.28%)

BMI, body mass index; n, number of patients.

Table 3. Clinical characteristics according to the etiology of thrombocytopenia.
Characteristics GT (n = 295) ITP (n = 72) HDCP (n = 27) Other etiologies (n = 123) p-value

Maternal age (years) 28.63 ± 4.42 26.81 ± 3.97 29.26 ± 5.22 28.05 ± 5.05 0.014
Pre-delivery BMI (kg/m2) 27.43 ± 3.56 27.14 ± 3.32 29.77 ± 3.18 27.75 ± 3.44 0.006
Gestational age at delivery (weeks) 39.02 ± 1.24 38.32 ± 1.50 37.15 ± 2.53 38.63 ± 1.63 <0.001

Gravidity
1 119 (40.34%) 32 (44.44%) 14 (51.85%) 66 (53.66%)

0.0202 89 (30.17%) 27 (37.50%) 3 (11.11%) 27 (21.95%)
≥3 87 (29.49%) 13 (18.06%) 10 (37.04%) 30 (24.39%)

Parity
0 165 (55.93%) 51 (70.83%) 16 (59.26%) 80 (65.04%)

0.077≥1 130 (44.07%) 21 (29.17%) 11 (40.74%) 43 (34.96%)

Number of miscarriages
0 176 (59.66%) 43 (59.72%) 19 (70.37%) 83 (67.48%)

0.360≥1 119 (40.34%) 29 (40.28%) 8 (29.63%) 40 (32.52%)

Time of diagnosis

Preconception 0 (0.00%) 48 (66.67%) 0 (0.00%) 42 (34.15%)

<0.001
First trimester 17 (5.76%) 10 (13.89%) 0 (0.00%) 13 (10.57%)
Second trimester 76 (25.77%) 8 (11.11%) 1 (3.70%) 42 (34.15%)
Third trimester 202 (68.47%) 6 (8.33%) 26 (96.30%) 26 (21.13%)

Table 4. Platelet parameters according to the etiology of thrombocytopenia.
Characteristics GT (n = 295) ITP (n = 72) HDCP (n = 27) Other etiologies (n = 123) p-value

PLT (×109/L) 70.46 ± 17.04 40.22 ± 27.23 69.52 ± 25.66 50.15 ± 20.56 <0.001
MPV (fL) 12.10 ± 1.57 11.13 ± 1.59 11.60 ± 1.78 11.43 ± 1.77 0.001
PDW (%) 17.44 ± 3.37 15.94 ± 2.75 17.12 ± 3.59 16.61 ± 2.76 0.034
PCT (%) 0.09 ± 0.03 0.05 ± 0.03 0.08 ± 0.04 0.06 ± 0.03 <0.001
PLT, platelet count; MPV, mean platelet volume; PDW, platelet distribution width; PCT, plateletcrit.

Significant differences were observed across throm-
bocytopenia etiology groups in cesarean delivery rates, ma-
ternal transfer treatment rates, and the need for platelet or
other product blood transfusion (p < 0.05; Table 8). These
associations were further evaluated by multivariate regres-
sion analysis (Table 9). The cesarean section rate was sig-
nificantly lower in the GT group (76.95%) than in the ITP
group (93.06%) (p = 0.004). Compared with the GT group
(0.68%), maternal transfer rates were significantly higher
in the HDCP and ITP groups (11.11% and 5.56%, respec-

tively; p < 0.05 for each comparison). The need for platelet
and other blood product transfusion was also significantly
greater in the ITP group than in the GT group (p < 0.05).

A total of 9 patients required transfer. Of these, 3
were HDCP-related (2 transferred to the ICU after cesarean
delivery for HELLP syndrome, and 1 transferred to oph-
thalmology department after discharge for retinal detach-
ment secondary to severe preeclampsia); 3 were ITP-related
(2 transferred to the ICU post-cesarean delivery, and 1 to
hematology department after discharge); 1 GT patient was
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Table 5. Multiple linear regression analysis of platelet parameters according to the etiology of thrombocytopenia.

Characteristics
ITP (Ref. GT) HDCP (Ref. GT)

β 95% CI p-value β 95% CI p-value

PLT (×109/L) –28.84 –34.11 to –23.56 <0.001 1.87 –6.50 to 10.23 0.661
MPV (fL) –0.92 –1.50 to –0.34 0.002 –0.28 –1.09 to 0.53 0.501
PDW (%) –1.49 –2.60 to –0.37 0.009 –0.37 –1.94 to 1.20 0.642
PCT (%) –0.04 –0.04 to –0.03 <0.001 0.00 –0.01 to 0.02 0.731
Adjustment covariates: maternal age, pre-delivery BMI, gestational weeks at delivery,
gravidity, parity, number of miscarriages. β: regression coefficient.
CI, confidence interval.

Table 6. Maternal outcomes according to the severity of thrombocytopenia.
Maternal outcomes Mild (n = 284) Moderate (n = 149) Severe (n = 84) p-value

Cesarean section 221 (77.82%) 126 (84.56%) 78 (92.86%) <0.001
Maternal transfer treatment 4 (1.41%) 1 (0.67%) 4 (4.76%) 0.078
Postpartum hemorrhage 11 (3.87%) 4 (2.68%) 2 (2.38%) 0.790
Intrapartum hemorrhage volume (mL) 200.00 (150.00, 250.00) 200.00 (150.00, 200.00) 200.00 (150.00, 250.00) 0.200
Postpartum hemorrhage volume (mL) 293.00 (248.00, 398.75) 305.00 (245.50, 360.50) 306.50 (262.25, 391.25) 0.647
Use of carboprost 29 (10.21%) 12 (8.05%) 15 (17.86%) 0.061
B-Lynch sutures 5 (1.76%) 9 (6.04%) 3 (3.57%) 0.051
UAE 3 (1.06%) 0 (0.00%) 0 (0.00%) 0.739
Transfusion of platelet 82 (28.87%) 110 (73.83%) 75 (89.29%) <0.001
Transfusion of other blood products 13 (4.58%) 8 (5.37%) 21 (25.00%) <0.001
UAE, uterine artery embolization.

Table 7. Logistic regression analysis of maternal outcomes according to the severity of thrombocytopenia.

Maternal outcomes
Moderate (Ref. Mild) Severe (Ref. Mild)

OR 95% CI p-value OR 95% CI p-value

Cesarean section 1.72 1.00 to 2.96 0.049 3.60 1.47 to 8.33 0.005
Transfusion of platelet 6.95 4.40 to 10.97 <0.001 21.64 10.17 to 46.03 <0.001
Transfusion of other blood products 1.29 0.51 to 3.26 0.587 6.92 3.14 to 15.27 <0.001
Adjustment covariates: maternal age, pre-delivery BMI, gestational weeks at delivery, gravidity, parity,
number of miscarriages. OR, odds ratio.

Table 8. Maternal outcomes according to the etiology of thrombocytopenia.
Maternal outcomes GT (n = 295) ITP (n = 72) HDCP (n = 27) Other etiologies (n =

123)
p-value

Cesarean section 227 (76.95%) 67 (93.06%) 26 (96.30%) 105 (85.37%) <0.001
Maternal transfer treatment 2 (0.68%) 4 (5.56%) 3 (11.11%) 0 (0.00%) <0.001
Postpartum hemorrhage 12 (4.07%) 2 (2.78%) 2 (7.41%) 1 (0.81%) 0.342
Intrapartum hemorrhage volume (mL) 200.00 (150.00,

250.00)
200.00 (150.00,

200.00)
200.00 (150.00,

300.00)
200.00 (150.00,

200.00)
0.790

Postpartum hemorrhage volume (mL) 291.00 (246.00,
395.00)

310.00 (263.00,
372.00)

326.00 (250.00,
386.00)

300.00 (246.00,
381.00)

0.572

Use of carboprost 32 (10.85%) 6 (8.33%) 4 (14.81%) 14 (11.38%) 0.814
B-Lynch sutures 8 (2.71%) 3 (4.17%) 1 (3.70%) 5 (4.07%) 0.765
UAE 2 (0.68%) 0 (0.00%) 1 (3.70%) 0 (0.00%) 0.244
Transfusion of platelet 115 (38.98%) 58 (80.56%) 11 (40.74%) 83 (67.48%) <0.001
Transfusion of other blood products 15 (5.08%) 12 (16.67%) 4 (14.81%) 11 (8.94%) 0.006

transferred to the ICU for acute respiratory failure due to
bronchitis post-cesarean delivery; 1 patient with acute fatty
liver of pregnancy (AFLP) was transferred to the ICU post-

operatively; and 1 patient was transferred to the rheumatol-
ogy department after discharge for Sjögren’s syndrome.
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Fig. 1. ROC analysis of the platelet parameters for the diagnosis of ITP in pregnancy. ROC analysis was performed for (A) PLT,
(B) MPV, (C) PDW, and (D) PCT to evaluate their potential to distinguish ITP from GT. ROC, receiver operating characteristic; AUC,
area under the curve; PLT, platelet count; MPV, mean platelet volume; PDW, platelet distribution width; PCT, plateletcrit; GT, gestational
thrombocytopenia; ITP, immune thrombocytopenia.

3.5 Neonatal Outcomes

A total of 540 neonates were born to the 517 mothers.
Neonatal outcomes according to the severity and etiology of
maternal thrombocytopenia are presented in Tables 10,11,
respectively. Notably, 2 adverse outcomes were recorded
within the GT group: 1 intrauterine demise at 28 weeks of
gestation due to premature rupture of membranes and oligo-
hydramnios, and 1 full-term neonate experienced intracra-
nial hemorrhage.

First, neonatal outcomes were analyzed according to
the severity of maternal thrombocytopenia (Table 10). A
statistically significant intergroup difference in birth weight
was observed (p < 0.05), with the lowest mean weight
recorded in the severe group (3106.82 ± 527.86 g). NICU
admission rates differed significantly across groups (p <
0.001), with an overall rate of 16.88% (91/539), and the
highest rate in the severe group at 30.68%. While the rates
of preterm infants, full-term LBW infants, and birth as-
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Table 9. Multivariate regression analysis of maternal outcomes according to the etiology of thrombocytopenia.

Maternal outcomes
ITP (Ref. GT) HDCP (Ref. GT)

β or OR 95% CI p-value β or OR 95% CI p-value

Cesarean section b OR = 4.13 1.56 to 10.92 0.004 OR = 4.43 0.57 to 34.37 0.155
Maternal transfer treatment b OR = 9.37 1.53 to 57.34 0.015 OR = 13.09 1.46 to 117.38 0.022
Transfusion of platelet b OR = 6.45 3.38 to 12.31 <0.001 OR = 0.90 0.39 to 2.20 0.862
Transfusion of other blood products b OR = 3.96 1.69 to 9.24 0.001 OR = 1.96 0.53 to 7.23 0.310
Adjustment covariates: maternal age, pre-delivery BMI, gestational weeks at delivery, gravidity, parity, and number
of miscarriages. The superscript b means the dichotomous outcomes which were analyzed by the logistic regression
model.

Table 10. Neonatal outcomes according to the severity of maternal thrombocytopenia.
Neonatal outcomes Mild (n = 299) Moderate (n = 153) Severe (n = 88) p-value

Birth weight (g) 3315.27 ± 605.88 3317.32 ± 511.62 3106.82 ± 527.86 0.007
1-min Apgar score 10 (10, 10) 10 (10, 10) 10 (9, 10) 0.209
5-min Apgar score 10 (10, 10) 10 (10, 10) 10 (10, 10) 0.565
Preterm infants 32 (10.70%) 18 (11.76%) 14 (15.91%) 0.414
Full-term LBW infants 6 (2.01%) 4 (2.61%) 4 (4.55%) 0.360
Birth asphyxia 3 (1.00%) 4 (2.61%) 3 (3.41%) 0.166
Neonatal thrombocytopenia 3 (1.00%) 4 (2.61%) 2 (2.27%) 0.293
Admission to NICU 33 (11.00%) 31 (20.26%) 27 (30.68%) <0.001
NICU, neonatal intensive care unit.

Table 11. Neonatal outcomes according to the etiology of maternal thrombocytopenia.
Neonatal outcomes GT (n = 308) ITP (n = 75) HDCP (n = 31) Other etiologies (n = 126) p-value

Birth weight (g) 3366.56 ± 508.69 3130.00 ± 522.14 2688.71 ± 730.83 3311.23 ± 606.96 <0.001
1-min Apgar score 10 (10, 10) 10 (10, 10) 10 (8, 10) 10 (10, 10) 0.006
5-min Apgar score 10 (10, 10) 10 (10, 10) 10 (10, 10) 10 (10, 10) 0.442
Preterm infants 28 (9.09%) 12 (16.00%) 12 (38.71%) 12 (9.52%) <0.001
Full-term LBW infants 3 (0.97%) 4 (5.33%) 3 (9.68%) 4 (3.17%) 0.006
Birth asphyxia 2 (0.65%) 3 (4.00%) 2 (6.45%) 3 (2.38%) 0.017
Neonatal thrombocytopenia 5 (1.62%) 2 (2.67%) 0 (0.00%) 2 (1.59%) 0.879
Admission to NICU 36 (11.69%) 24 (32.00%) 13 (41.94%) 18 (14.29%) <0.001
LBW, low birth weight.

phyxia demonstrated a positive correlation with increasing
thrombocytopenia severity, these correlations were not sta-
tistically significant (p = 0.414, 0.360, and 0.166, respec-
tively). Furthermore, no significant differences were ob-
served among groups in 1-min and 5-min Apgar scores, or
in the incidence of neonatal thrombocytopenia (p = 0.209,
0.565, and 0.293, respectively).

After adjustment for confounders, the birth weight did
not differ significantly among the three groups (Table 12).
In contrast, NICU admission rates remained significantly
different (p = 0.001).

Next, neonatal outcomes according to the etiology
of maternal thrombocytopenia were analyzed (Table 11).
Significant differences were observed across the GT, ITP,
HDCP, and other etiology groups in birth weight, 1-min
Apgar score, and the rates of preterm infants, full-term
LBW infants, birth asphyxia, and NICU admission (all p <
0.05). In contrast, the 5-min Apgar score and the incidence

of neonatal thrombocytopenia did not differ significantly (p
= 0.442 and 0.879, respectively).

After adjustment for confounders (Table 13), both ITP
and HDCP were associated with significantly lower birth
weight, with a more pronounced reduction observed in the
HDCP group. Moreover, HDCP predicted lower 1-min Ap-
gar scores (p < 0.001), whereas no significant association
was observed for ITP (p = 0.458). Both conditions indepen-
dently increased the odds of full-term LBW infants, birth
asphyxia, and NICU admission (all p < 0.05).

3.6 Sensitivity Analysis for Multiple Pregnancies

To address potential non‑independence of outcomes
fromwomen with two eligible pregnancies during the study
period (n = 17, 3.4%), all primary multivariable analyses
were repeated after excluding the subsequent pregnancy
of each such woman, leaving 500 unique women and 523
neonates.
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Table 12. Multivariate regression analysis of neonatal outcomes according to the severity of maternal thrombocytopenia.

Neonatal outcomes
Moderate (Ref. Mild) Severe (Ref. Mild)

β or OR 95% CI p-value β or OR 95% CI p-value

Birth weight a β = 36.80 –50.73 to 124.34 0.409 β = –49.41 –157.64 to 58.82 0.370
Admission to NICU b OR = 2.85 1.52 to 5.35 0.001 OR = 3.29 1.66 to 6.54 0.001
Adjustment covariates: maternal age, pre-delivery BMI, gestational weeks at delivery, gravidity, parity,
number of miscarriages. The superscript a means the continuous outcomes which were analyzed by multiple
linear regression model, and the superscript b means the dichotomous outcomes which were analyzed by the
logistic regression model.

Table 13. Multivariate regression analysis of neonatal outcomes according to the etiology of maternal thrombocytopenia.

Neonatal outcomes
ITP (Ref. GT) HDCP (Ref. GT)

β or OR 95% CI p-value β or OR 95% CI p-value

Birth weight a β = –218.98 –356.75 to –81.21 0.002 β = –762.82 –965.95 to –559.68 <0.001
1-min. Apgar score a β = –0.07 –0.26 to 0.12 0.458 β = –0.55 –0.83 to –0.27 <0.001
Full-term LBW infants b OR = 5.79 1.21 to 27.65 0.028 OR = 27.51 4.22 to 179.58 <0.001
Birth asphyxia b OR = 7.52 1.16 to 48.94 0.035 OR = 19.31 2.07 to 180.57 0.009
Admission to NICU b OR = 3.86 2.09 to 7.12 <0.001 OR = 4.42 1.94 to 10.09 <0.001
Adjustment covariates: maternal age, pre-delivery BMI, gravidity, parity, and number of miscarriages. The super-
script a means the continuous outcomes which were analyzed by multiple linear regression model, and the superscript
b means the dichotomous outcomes which were analyzed by the logistic regression model.

The sensitivity analysis yielded results highly consis-
tent with the primary analysis. All statistically significant
associations identified in the primary models remained sig-
nificant, with adjusted odds ratios (aOR) and regression
coefficients closely approximating those in the full cohort
(Appendix Table 14). For example, the aOR for platelet
transfusion in severe versus mild thrombocytopenia was
21.64 (95% CI: 10.17–46.03) in the primary analysis and
25.80 (95% CI: 11.20–59.40) in the sensitivity analysis; for
NICU admission in the ITP group versus GT group, the OR
was 3.86 (95% CI: 2.09–7.12) in the primary analysis ver-
sus 4.12 (95% CI: 2.20–7.73) in the sensitivity analysis.

The only exception was the association between mod-
erate thrombocytopenia and cesarean section, which was
borderline significant in the primary analysis (OR = 1.72,
95% CI: 1.00–2.96, p = 0.049) and became nonsignificant
after excluding multiple pregnancies (OR = 1.57, 95% CI:
0.92–2.70, p = 0.101). This change is likely attributable to
the slight reduction in sample size and the marginal nature
of the original finding. Importantly, the association with se-
vere thrombocytopenia remained strongly significant (OR
= 4.04, 95% CI: 1.53–10.63, p = 0.005), and the etiological
analysis consistently showed significantly higher cesarean
rates in the ITP group compared with the GT group (OR =
3.67, 95%CI: 1.40–9.66, p = 0.008). Thus, the core conclu-
sions regarding delivery mode were not materially altered.
Overall, these sensitivity analyses confirm the robustness
of our main findings and indicate that inclusion of a small
number of women with two pregnancies did not bias our
primary conclusions.

4. Discussion
This study analyzed the clinical characteristics and

maternal-neonatal outcomes from two perspectives: the
severity of thrombocytopenia and its etiology.

Consistent with a prior study [19], this study demon-
strated that GT is the most common cause of PT. It typ-
ically presents in the second or third trimester (94.24%),
is predominantly mild (76.06%), and lacks specific clinical
signs. However, as GT can also occur in the first trimester
or present as severe thrombocytopenia, neither timing of
onset nor PLT alone is sufficient for a definitive diagno-
sis. Consequently, GT remains a diagnosis of exclusion,
mainly confirmed by the normalization of PLT after deliv-
ery [20,21].

ITP is the most common cause of severe thrombocy-
topenia and of thrombocytopenia presenting in early preg-
nancy, with 2/3 of cases having a pre-pregnancy history of
ITP [6]. In this study, 66.67% of ITP cases occurred before
pregnancy, and 50.00% were severe, consistent with pre-
viously reported characteristics [6]. However, the propor-
tion of ITP in pregnancy in this study was 13.93%, which
was higher than previously reported estimates (3%) [22].
This discrepancy is likely attributable to referral bias, as our
institution is a provincial referral center for the treatment
of critical and severe maternal conditions, attracting more
complex ITP cases. Furthermore, pregnant individuals with
ITP in our studywere the youngest, consistent with the find-
ings of Lee [23]. To the best of the authors’ knowledge, no
pathognomonic marker exists for the diagnosis of ITP in
pregnancy. Kwon et al. [12] reported that PLT was an in-
dependent predictor of ITP in pregnancy, and that PCT pri-
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marily changed with the PLT. In this study, the ROC anal-
ysis indicated that both PLT and PCT had good diagnostic
performance, with AUCs of 0.846 and 0.818, respectively.
Using optimal cutoffs (PLT≤57.9 × 109/L, PCT≤0.065%),
the sensitivity values were 80.6% and 77.5%, and the speci-
ficity values were 79.0% and 78.3%, respectively. There-
fore, values below these thresholds should raise strong clin-
ical suspicion of ITP in pregnancy.

Although HDCP is reported as the second most com-
mon cause of PT [24], it accounted for only 5.22% of cases
in this study, the lowest proportion among etiologies. This
may be explained by the fact that some HDCP pregnan-
cies were terminated early for maternal-fetal safety before
thrombocytopenia developed. Previous studies [25,26,27]
have shown that advanced maternal age, obesity, and nul-
liparity are risk factors for HDCP. In this study, the HDCP
group indeed had significantly higher maternal age, pre-
delivery BMI, and rates of first pregnancy compared with
the other groups. Thrombocytopenia in HDCP typically
manifests in the third trimester and resolves rapidly post-
partum. As termination of pregnancy (often via preterm
delivery) remains the definitive treatment for severe HDCP
[1], this explains the significantly lower gestational age at
delivery observed in this group.

While current guidelines often consider a PLT <50 ×
109/L an indication for cesarean section, with vaginal de-
livery deemed safe at PLT ≥50 × 109/L [17,28], one study
has challenged this threshold, suggesting that thrombocy-
topenia alone may not be an indication for cesarean deliv-
ery [29]. Consistent with this latter view, our data show
that despite an overall trend toward higher cesarean deliv-
ery rates with lower PLT, 11 patients with a pre-delivery
PLT between 20 and 50 × 109/L successfully underwent
vaginal delivery without adverse maternal or neonatal out-
comes. Therefore, a PLT <50 × 109/L alone does not de-
termine the safest delivery mode. Clinical decision-making
should instead be individualized, based on the treating in-
stitution’s capacity, blood product availability, and compre-
hensive obstetric factors, including bleeding tendency, par-
ity, fetal weight and presentation, as well as cervical sta-
tus. Notably, among these 11 patients, etiologies included
5 cases of GT, 1 case of ITP, 2 cases of AA, and 3 cases of
unknown etiology. Consequently, the applicability of this
observation to HDCP patients remains limited.

The impact of PT on maternal outcomes was evalu-
ated in three aspects: postpartum hemorrhage, blood prod-
uct transfusion, and need for referral. First, regarding
the postpartum hemorrhage, contrary to prior suggestions
that lower PLT increases the risk [30], our study found
no correlation between the thrombocytopenia severity and
hemorrhage volume or incidence. Postpartum hemorrhage
was mainly caused by obstetric factors, such as uterine
atony and placental abnormalities. Although no statisti-
cally significant differences were observed among etiolog-
ical groups in intrapartum hemorrhage volume or the inci-

dence of postpartum hemorrhage, the HDCP group showed
the highest postpartum hemorrhage volume. However, this
association likely reflects the broader pathophysiology of
HDCP, such as coagulopathy and endothelial dysfunction,
rather than thrombocytopenia alone. Consequently, this ob-
servational analysis cannot isolate the independent causal
role of thrombocytopenia in the risk of postpartum hem-
orrhage. Second, regarding the blood product transfusion,
the strong inverse relationship between PLT and transfusion
requirement was expected; however, the marked difference
between ITP and other etiologies warrants further interpre-
tation. ITP patients received platelet and other blood prod-
uct transfusions far more frequently than those with GT or
HDCP, even after multivariable adjustment. This is likely
attributable to several converging factors: (1) ITP is char-
acterized by antibody-mediated platelet destruction, result-
ing in lower baseline PLT and poorer response to transfused
platelets [31]; (2) many ITP patients in our cohort received
antenatal corticosteroids, which may raise PLT but also
introduce uncertainty regarding peripartum hemostatic re-
serve; and (3) the perceived bleeding risk in ITP—whether
or not fully justified—may lower the threshold for prophy-
lactic transfusion among physicians. Finally, the need for
referral treatment was unrelated to thrombocytopenia sever-
ity but was strongly associated with its etiology. Specifi-
cally, referral rates were significantly higher in the ITP and
HDCP groups than in the GT group, indicating that these
conditions require multidisciplinarymanagement in tertiary
care settings.

The impact of PT on neonatal outcomes was evalu-
ated in three aspects: neonatal thrombocytopenia, asphyxia,
and birth weight. First, the incidence of neonatal thrombo-
cytopenia showed no association with the severity of ma-
ternal thrombocytopenia, consistent with Hachisuga et al.
[32]. Second, the rate of neonatal asphyxia was higher in
the ITP group than in the GT group. This may be associ-
ated with maternal factors in ITP, such as potential anemia,
a point which requires further investigation. Therefore,
neonates born tomothers with ITP should have an umbilical
cord platelet count obtained at delivery and undergo serial
platelet-count monitoring after birth [33]. Third, neonates
in theHDCP group had the lowest birthweight and the high-
est rate of full-term LBW infants, consistent with Wang et
al. [34]. Thismay be attributable to the systemic vasospasm
in HDCP, which reduces placental perfusion, resulting in
chronic fetal hypoxia that ultimately impairs intrauterine
growth and leads to lower birth weight [35].

Limitations

The retrospective design may introduce unmeasured
or unobserved biases and confounders: (1) the inclusion
criteria of ≥28 weeks may have influenced the distribution
of thrombocytopenia etiologies; (2) potential variations in
surgeon experience was not accounted for and may have
affected surgical outcomes; (3) the diagnostic performance
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Table 14. Sensitivity analysis excluding women with multiple pregnancies: comparison of adjusted effect estimates and p-values
between the full cohort and the cohort restricted to the first pregnancy per woman.

Outcomes & Subgroups
Primary analysis Sensitivity analysis

β or OR 95% CI p-value β or OR 95% CI p-value

Maternal outcomes
Cesarean section b (by severity)
Moderate (Ref. Mild) 1.72 1.00 to 2.96 0.049 1.57 0.92 to 2.70 0.101
Severe (Ref. Mild) 3.60 1.47 to 8.33 0.005 4.04 1.53 to 10.63 0.005
Cesarean section b (by etiology)
ITP (Ref. GT) OR = 4.13 1.56 to 10.92 0.004 OR = 3.67 1.40 to 9.66 0.008
HDCP (Ref. GT) OR = 4.43 0.57 to 34.37 0.155 OR = 4.97 0.64 to 38.55 0.125
Maternal transfer treatment b (by etiology)
ITP (Ref. GT) OR = 9.37 1.53 to 57.34 0.015 OR = 16.58 1.75 to 157.50 0.014
HDCP (Ref. GT) OR = 13.09 1.46 to 117.38 0.022 OR = 51.85 3.90 to 689.69 0.003
Transfusion of platelet b (by severity)
Moderate (Ref. Mild) 6.95 4.40 to 10.97 <0.001 6.86 4.35 to 10.83 <0.001
Severe (Ref. Mild) 21.64 10.17 to 46.03 <0.001 25.80 11.20 to 59.40 <0.001
Transfusion of platelet b (by etiology)
ITP (Ref. GT) OR = 6.45 3.38 to 12.31 <0.001 OR = 6.10 3.15 to 11.81 <0.001
HDCP (Ref. GT) OR = 0.90 0.39 to 2.20 0.862 OR = 0.93 0.39 to 2.18 0.859
Transfusion of other blood products b (by severity)
Moderate (Ref. Mild) 1.29 0.51 to 3.26 0.587 1.23 0.49 to 3.06 0.663
Severe (Ref. Mild) 6.92 3.14 to 15.27 <0.001 7.02 3.17 to 15.55 <0.001
Transfusion of other blood products b (by etiology)
ITP (Ref. GT) OR = 3.96 1.69 to 9.24 0.001 OR = 3.55 1.50 to 8.40 0.004
HDCP (Ref. GT) OR = 1.96 0.53 to 7.23 0.310 OR = 2.13 0.59 to 7.70 0.247
Neonatal outcomes
Birth weight a (by severity)
Moderate (Ref. Mild) β = 36.80 –50.73 to 124.34 0.409 β = 55.03 –34.17 to 144.23 0.226
Severe (Ref. Mild) β = –49.41 –157.64 to 58.82 0.370 β = –65.00 –178.73 to 48.74 0.262
Birth weight a (by etiology)
ITP (Ref. GT) β = –218.98 –356.75 to –81.21 0.002 β = –222.92 –366.49 to –79.36 0.002
HDCP (Ref. GT) β = –762.82 –965.95 to –559.68 <0.001 β = –768.94 –974.51 to –563.36 <0.001
1-min. Apgar score a (by etiology)
ITP (Ref. GT) β = –0.07 –0.26 to 0.12 0.458 β = –0.11 –0.31 to 0.08 0.262
HDCP (Ref. GT) β = –0.55 –0.83 to –0.27 <0.001 β = –0.55 –0.83 to –0.27 <0.001
Full-term LBW infants b (by etiology)
ITP (Ref. GT) OR = 5.79 1.21 to 27.65 0.028 OR = 6.39 1.32 to 30.87 0.021
HDCP (Ref. GT) OR = 27.51 4.22 to 179.58 <0.001 OR = 26.23 4.01 to 171.41 <0.001
Birth asphyxia b (by etiology)
ITP (Ref. GT) OR = 7.52 1.16 to 48.94 0.035 OR = 17.79 1.70 to 186.34 0.016
HDCP (Ref. GT) OR = 19.31 2.07 to 180.57 0.009 OR = 41.07 2.79 to 604.33 0.007
Admission to NICU b (by severity)
Moderate (Ref. Mild) OR = 2.85 1.52 to 5.35 0.001 OR = 2.83 1.50 to 5.34 0.001
Severe (Ref. Mild) OR = 3.29 1.66 to 6.54 0.001 OR = 3.57 1.76 to 7.25 <0.001
Admission to NICU b (by etiology)
ITP (Ref. GT) OR = 3.86 2.09 to 7.12 <0.001 OR = 4.12 2.20 to 7.73 <0.001
HDCP (Ref. GT) OR = 4.42 1.94 to 10.09 <0.001 OR = 4.33 1.89 to 9.92 <0.001
The superscript a means the continuous outcomes which were analyzed by multiple linear regression model, and the superscript b means the
dichotomous outcomes which were analyzed by the logistic regression model.

analysis of platelet indices (PLT, MPV, PDW, PCT) was
based on measurements obtained within 1–3 days prior to
delivery. While this reflects a clinically relevant peripartum

assessment point, it may not capture the dynamic changes in
these indices earlier in gestation, when ITP typically man-
ifests; and (4) our study did not systematically account for
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the potential confounding effects of treatments aimed at el-
evating PLTs, such as corticosteroids, which are commonly
administered to patients with ITP. These treatments may at-
tenuate the observed differences between the ITP and GT
groups. Consequently, the diagnostic performance of the
platelet indices reported here may represent a conservative
estimate. Future prospective studies controlling for treat-
ment exposure are needed to establish more precise and
generalizable diagnostic thresholds.

All data were sourced from a single tertiary care cen-
ter, which may limit the generalizability of the findings to
other settings. For example, the overall cesarean section
rate was high across all groups (ranging from approximately
77% to 96%), likely reflecting institutional practice patterns
in our tertiary care referral center. This practice pattern may
have attenuated the true effect size of thrombocytopenia
severity or etiology on the decision to perform a cesarean
delivery. Consequently, both absolute rates and the mag-
nitude of the difference should be interpreted with caution
when generalizing to other clinical settings.

Although the sample size was relatively large, the ap-
plicability to broader populations remains to be validated.
Future studies incorporating more diverse and comprehen-
sive datasets are warranted to ensure the robustness of these
findings.

5. Conclusions
In conclusion, a PLT of ≤57.9 × 109/L and a PCT

of ≤0.065 % demonstrate good diagnostic performance for
identifying ITP in pregnancy. Additionally, while a lower
PLT is associated with a higher cesarean delivery rate, a
PLT level <50 × 109/L does not necessarily determine the
safest mode of delivery; therefore, clinical decisions should
always be individualized. Furthermore, the occurrence of
postpartum hemorrhage is not related to the severity of
thrombocytopenia, but may instead be influenced by sys-
temic pathophysiological changes related to obstetric fac-
tors (such as uterine atony) and specific etiologies (such
as HDCP). Finally, compared with those with GT, patients
with ITP in pregnancy have higher probabilities of requir-
ing platelet and other blood product transfusions, mater-
nal transfer to other departments, neonatal asphyxia, and
neonatal admission to the NICU.
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