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Abstract
Background It is still urgent and challenge to develop a simple risk assessment scale for venous thromboembolism 
(VTE) in puerperium in Chinese women.

Methods The study, a retrospective case-control study, was conducted in 12 hospitals in different cities in China. 
A total of 1152 pregnant women were selected, including 384 cases with VTE and 768 cases without VTE. A logistic 
regression method was conducted to determine the risk factors of VTE.

Results Age, BMI before delivery, gestational diabetes mellitus, family history (thrombosis, diabetes, cardiovascular 
disease), and assisted reproductive technology were independent risk factors (P<0.05). The difference between the 
high-risk group and the low-risk group was statistically significant(P<0.001) with a sensitivity of 0.578, specificity of 
0.756, Yuden index o.334, and area under the ROC curve of 0.878.

Conclusions The age (≥ 35 years), BMI before delivery (≥ 30 kg/m2), gestational diabetes mellitus, family history of 
related diseases and assisted reproductive technology are more likely to cause VTE after full-time delivery. The simple 
and rapid assessment scale of VTE in women after full-term delivery has perfect discrimination (P < 0.001), which can 
be applied to predict the risk of VTE in Chinese full-term postpartum women.

Keywords Risk factors, Risk assessment scale, Perinatal venous thromboembolism, Pregnant woman, Full-term 
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Introduction
Venous thromboembolism (VTE) remains a major cause 
of maternal morbidity and mortality in the western 
world, which manifests as pulmonary embolism (PE) or 
deep vein thrombosis (DVT)[1–5]. The perinatal period 
places women at risk of developing venous thromboem-
bolism (VTE). Venous thromboembolism can occur at 
any stage of pregnancy (pregnancy, delivery and puerpe-
rium) but the puerperium is the time of highest risk [6]. 
Women with VTE during pregnancy suffer long-term 
sequelae like chronic edema, skin changes, recurrent 
thrombosis and ulceration [7]. The overall prevalence of 
VTE during pregnancy is approximately 2 per 1000 deliv-
eries. During pregnancy, the risk of VTE is 4–5 fold com-
pared to non-pregnant women while the risk is 10 times 
higher during the postpartum period. VTE accounts for 
1.1 deaths per 100 000 deliveries or 10% of all mater-
nal deaths [8–11]. Although the absolute VTE rates are 
relatively low, pregnancy-associated VTE is an impor-
tant cause of maternal morbidity and mortality. Given 
the high maternal mortality due to VTE, early diagnosis 
and treatment should be prioritized [12]. However, the 
subjective clinical assessment of deep venous thrombo-
sis (DVT) and pulmonary embolism (PE) is particularly 
unreliable in pregnancy. Only a minority of women with 
clinically suspected VTE are diagnosed with VTE when 
objective testing is employed. It is urgent to explore the 
risk factors for VTE and develop a facile rapid assessment 
scale in puerperium in Chinese women to provide an 
applicable and reliable assessment method.

The VTE risk assessment tools have been extensively 
investigated in western countries and a series of assess-
ment scales have been provided [13–18]. For example, 
Dargaud et al. provided a Lyon VTE risk prediction scale 
in 2005 and modified this Lyon score in a multicenter 
clinical trial in 2010 in France [19–21]. Chauleur et al. 
designed a STRATHEGE rating scale in 2008 and they 
updated the scale in 2018 [22, 23]. In 2011, Schoenbeck 
et al. from the UK presented a scoring system [24]. Italian 
Sophie Testa et al. developed an assessment of the risk 
of VTE named Pregnancy Health-care Program (PHP) 
in 2015 [25]. In 2012, American College of Chest Physi-
cians (ACCP) issued VTE, thrombophilia, antithrombotic 
therapy, and pregnancy guidelines [26]. In 2018, Ameri-
can Society of Hematology (ASH) released guidelines for 
management of venous thromboembolism in pregnancy 
[27]. In April 2015, the Royal College of Obstetricians 
and Gynaecologists (RCOG) released an updated ver-
sion of the clinical guidelines for the risk of VTE dur-
ing pregnancy and puerperium [3]. However, there are 
some lacks in the currently available tools for pregnancy 
and the postpartum period. For the guidelines of RCOG, 
the maternal and fetal radiation risks of tests used in 
the diagnosis of PE in pregnancy need to be clarified. 

According to the guidelines of ACCP and RCOG, moth-
ers with VTE scores ≥ 2 points in puerperal period should 
be used low molecular weight heparin (LMWH) to pre-
vent VTE. But it is difficult to realize in the clinical stage 
in China owing to the lower medical level and the unde-
veloped economy. This assessment tool has been exten-
sively adopted in China, but reliability and validity tests 
with large sample sizes are still needed.

It is still a challenge to estimate the risk thresholds, pre-
vent and treat pregnancy-associated VTE [28, 29]. China 
still lacks systematic, effective VTE risk assessment tools, 
especially for pregnancy [30]. If a general VTE assess-
ment scale is used for pregnant women, the risk of VTE 
to pregnant women is often underestimated, resulting in 
serious consequences. There have existed some advanced 
perinatal VTE assessment scales in western countries but 
they probably do not suit for Chinese population owing 
to racial differences, genetic background, food culture 
and life traditional differences. The incidence of heredi-
tary thrombophilia is associated with race [31–37]. The 
lifestyle that the Chinese pregnant women spend the first 
month after giving birth is definitely different from that 
of women in western countries. Pregnant women live a 
confinement life during the first month and they will stay 
at home and will not do outdoor activities. Even in some 
rural areas, the pregnant women will lie in bed for one 
month and they seldom take showers. This kind of life 
style increases the risk to develop VTE. Therefore, the 
VTE tools used in western countries probably may not be 
applicable to the Chinese population. We have developed 
a risk assessment scale for perinatal venous thromboem-
bolism in Chinese women using a Delphi-AHP approach 
[38]. The Delphi method is a structured communication 
technique that uses successive rounds of questionnaires 
and evaluation by a panel of experts to reach a consen-
sus on proposed items. The Analytic Hierarchy Process 
(AHP), developed by Saaty in the late 1970s, is one of the 
methods for multi-criteria decision-making. A Delphi-
AHP approach uses both Delphi and AHP, which com-
bines the advantages of Delphi and AHP [39]. However, 
our last scale still has some limitations. This study is a 
single-centered study only in Qingdao where the results 
probably cannot represent the whole Chinese popula-
tion. The main reasons are as follows. First, the tool is a 
single-centered study only in Qingdao and Qingdao is a 
coastal city with a high economic development level and 
high education level located in the east of China. How-
ever, because of the huge area of China, the economic 
and education levels are imbalanced, and most cities in 
East China are developed and West China undeveloped. 
So the pregnant women in Qingdao probably cannot rep-
resent the whole situation of the whole country. Second, 
there are 56 nationalities in the whole of China and peo-
ple with different nationalities have different lifestyles, 
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which probably can affect the incidence of VTE. So, it 
is imperative to carry out a multi-center research with 
enough big sample size. The item pools of the scale were 
developed according to literature retrieval. The next one 
is a particular limitation of the Delphi expert method 
itself. The experts’ opinions included may probably be 
different from those of experts who were excluded dur-
ing the questionnaire survey. Given the above two limita-
tions, it is imperative to carry out a multi-center research 
with enough big sample size.

In this study, a retrospective study was conducted 
among pregnant women who delivered and developed a 
VTE in 12 hospitals all over China with a total of 1152 
participants enrolled. A logistic regression method was 
conducted to determine the risk factors of VTE in women 
after full-term delivery. A fast assessment scale for peri-
natal VTE was developed, which possessed advantages 
of excellent sensitivity, specificity, Yuden index, and area 
under the ROC curve. The risk factor assessment scale 
for VTE in full-term pregnant women could distinguish 
the low-risk group from the high-risk group with good 
discrimination.

Methods
Participants
A retrospective study was conducted among pregnant 
women who delivered and caught complications of VTE 
in 12 hospitals, which are comparable in terms of level 
and size, all over China between January 2019 and Janu-
ary 2022. The hospitals were selected from east China, 
west China, south China, north China, and middle 
China, which represent the developed and undeveloped 
areas. The pregnant women were divided into an experi-
mental group (VTE group) and a control group (without 
VTE). The ratio of pregnant women number in VTE to 
that in the control group was 1: 2. The sample size in each 
hospital is 96, including 32 cases with VTE and 64 cases 
without VTE. The samples were taken at random if they 
fit within a certain period (between January 2019 and 
January 2022). The incidence of VTE during pregnancy 
is approximately 1–2 per 1000 deliveries, which is con-
sistent with that of all over China in the literature. There 
is no significant difference in the included 12 hospitals. 
The women in the control group were selected among 
mothers without VTE who gave birth adjacent delivery 
time of 1 week. The number of VTE and control group 
was 384 and 768, respectively. Inclusion criteria: Preg-
nant women were included in the study who experienced 
deep vein color Doppler ultrasonography check for both 
lower limbs before and after delivery and did not expe-
rience anticoagulation treatment during the perinatal 
period. Exclusion criteria: ① Pregnant women diagnosed 
with VTE before delivery; ②Twin and multiplets mother 
③ Foreign parturients in hospital. Diagnosis standard 

of DVT patients: DVT of the lower extremity was con-
firmed by color Doppler ultrasonography. Pulmonary 
embolism diagnostic criteria: Pulmonary embolism was 
diagnosed by pulmonary CT examination.

Design
The research group used a nurse’s workstation informa-
tion system and maternal health records to retrospec-
tively collect the participants’ personal information, 
including age, BMI before pregnancy, BMI before deliv-
ery, number of pregnancies, number of births, mode of 
conception, delivery mode, newborn weight, postpartum 
bleeding, gestational diabetes, gestational hypertension, 
thrombosis history, family history (thrombosis, diabetes, 
cardiovascular diseases), D-dimer values before delivery. 
According to the guidelines for weight gain issued by the 
USA Institute of Medicine in 2009, the maternal weight 
gain rate was divided into slow, normal, or fast [40].

The classification criterion: The criterion of differ-
entiation is: BMI before pregnancy < 18.5 (low weight), 
BMI before pregnancy 18.5–24.9 (normal weight), BMI 
before pregnancy 25.0-29.9 (overweight), BMI before 
pregnancy ≥ 30.0 (obesity). For the pregnant women men-
tioned above, the upper and lower limits of weight gain 
rate in middle and late pregnancy were 0.58 − 0.44  kg/ 
week, 0.50-0.35  kg/ week, 0.33 − 0.23  kg/ week, 
0.27 − 0.17  kg/week, respectively. Those whose weight 
gain rate is smaller than the lower limit are assigned to 
the slow group, those whose weight gain rate is higher 
than the upper limit are classified into the fast group, and 
the rest are assigned to the normal group [41]. All the 
above risk factors were analyzed using univariate analysis 
and multivariate analysis via a logistic regression model.

Finally, a facile rapid assessment scale for perinatal 
VTE in puerperium was developed based on the results 
of a multi-factor analysis. The scale was formed basing 
the Caprini thrombosis evaluation form updated in 2019 
[42], thrombosis guidelines issued by the American Col-
lege of Obstetricians and Gynecologists [36] and a docu-
ment published by the Royal Society of Obstetricians and 
Gynaecologists [3, 43]. All the pregnant women who par-
ticipated in the research were scored using the scale to 
testify their validity and effectiveness.

Variables and definitions
The main variables include maternal age, BMI, mode of 
delivery, mode of fertilization, maternal thrombosis his-
tory, family history (thrombosis, diabetes, cardiovas-
cular), weight gain rate during pregnancy, postpartum 
blood loss, gestational hypertension, gestational diabe-
tes, number of pregnancy, number of delivery, D-dimer 
before delivery, and weight of the newborn. The body 
mass index (BMI) is used for defining height/weight 
characteristics in adults, which represents an index of an 
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individual’s fatness [44]. Mode of delivery includes vagi-
nal delivery, planned cesarean section and emergency 
cesarean section. Mode of fertilization includes natu-
ral conceptionand artificial insemination. The formula 
for weight gain during pregnancy is as below. Maternal 
weight gain rate (kg/week) = total weight gain during 
pregnancy (kg)/ gestational week (week) [40].

Data analysis
SPSS 19.0 statistical software was used for data process 
and statistics analysis. The counting data were expressed 
by percentage, and tested through single-factor analysis 
using chi-square and standard deviation. To avoid miss-
ing important risk factors, the single factor with P < 0.2 
was taken into the regression equation. Multivariate 
analysis was performed using a logistic regression model 
and P < 0.05 was considered as a statistically significant 
difference. A T-test of two independent samples was used 
to evaluate the scale discrimination. The prediction effect 
of the scale was judged by sensitivity, specificity, Yuden 
index and area under the ROC curve. The test level of the 
prediction effect of the scale was α = 0.05 [39, 45]. The 
Hosmer-Lemeshow test, concordance index (C-index), 
and calibration curve were also used to evaluate the scale.

Ethical consideration
The study was approved by the Ethics Committee of the 
Affiliated Hospital of Qingdao University, China. The 
institutional review board has approved the study and 
waived the need for individual informed consent by for-
mulating a declaration of no objection.

Results
Pregnant women’s demographic characteristics
A total of 1152 parturients were enrolled in this study, 
including 826 primiparas (71.7%) and 326 parturients 
(28.3%). The age ranges from 23 to 45 (30.25 ± 3.65) years 
old. Pregnancy days are 245 ~ 290 (274.85 ± 9.58) days. 
Education: 362 colleges or below (31.4%), 490 bachelors 
(42.5%), 300 masters or above (26.1%). In this study, the 
ratio of pregnant women with VTE to those without VTE 
is 1/2, with 384 women (33.3%) and 768 women without 
VTE (66.7%). The sample size is 1152, which is sufficient 
for the statistical study [46]. The power of a statistical 
test of a null hypothesis (H0) is the probability that the 
H0 will be rejected when it is false, that is, the probabil-
ity of obtaining statistically significant results. Statistical 
power (1-β) depends on the significance criterion (ɑ), the 
sample size(N), and the population effect size (ES) [47]. 
In this study, the statistical power is 0.95 which is calcu-
lated by G*power software (ɑ=0.05).

Univariate analysis
The two groups have a statistically significant difference 
in age, BMI before delivery, delivery mode, family his-
tory (thrombosis, diabetes, cardiovascular disease), and 
the number of pregnancies (P < 0.05), while there are no 
significant differences in pre-pregnancy BMI, gestational 
weight gain rate, parturition, postpartum blood loss, 
gestational hypertension, gestational diabetes, previ-
ous history of thrombosis, mode of conception, plasma 
D-dimer value before delivery, and newborn birth weight 
(P > 0.05), as shown in Table 1.

Multivariate analysis
A multi-factor analysis was conducted, taking-term 
pregnant women suffering VTE or not as the dependent 
variable and the variable with P < 0.2 in the univariate 
analysis as the independent variable. Generally, variables 
with P < 0.05 or p < 0.2 can be included in the multivari-
ate analysis. The advantage of choosing p < 0.2 can avoid 
missing some important variables. The assignment point 
for each factor is as follows. Age: 0 points for age<35, 1 
point for age ≥ 35; BMI before delivery: 0 points for 18. 
5 ~ 24.9, 1 point for 25.0 ~ 29.9, 3 points for ≥ 30.0. Deliv-
ery way: 0 points = vaginal delivery, 1 point = planned 
cesarean section, 2 points = emergency cesarean section. 
Gestational diabetes: 0 point = no, 1 point = yes;Family 
history (thrombosis, diabetes, cardiovascular):0 = no, 
1 = yes; Number of pregnancy: 0=<3, 1 = ≥ 3; Fertiliza-
tion way: 0 = natural conception, 1 = artificial insemina-
tion. D-dimer before delivery (mg/L): 0 = ≤ 3.05, 1=>3.05. 
Logistic analysis shows that age ≥ 35 years, BMI ≥ 30.0 
before delivery, gestational diabetes, family history 
(thrombosis, diabetes, cardiovascular diseases) and arti-
ficial insemination are risk factors for VTE in full-term 
pregnant women (P < 0.05). The Logistic regression anal-
ysis results are shown in Table 2.

Development of a fast assessment scale for perinatal VTE
According to the Logistic regression analysis results, 
age, BMI before delivery, gestational diabetes, family 
history and conception mode were included in the scor-
ing scale. Due to the small sample size included in this 
study, some important factors probably were removed 
during the univariate analysis. However, the previous his-
tory of thrombosis is the most important factor affect-
ing the occurrence of VTE after childbirth and the risk 
of VTE after cesarean section, especially for emergency 
cesarean section, is also significantly increased, which 
has been mentioned in Thromboembolism in Pregnancy 
Practice Bulletin issued by American College of Obste-
tricians and Gynecologists [36] and Royal College of 
Obstetricians and Gynaecologists (RCOG)[43]. Special 
attention should be paid to the risk of VTE in pregnant 
women with hypertension, especially in women with 
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preeclampsia. Therefore, based on the research results 
and the guidance, the items in the VTE scale for rapid 
evaluation of postpartum VTE in full-term pregnant 
women were determined. A total of 1152 parturients 
were enrolled in this study, including 826 primiparas 
(71.7%) and 326 parturients (28.3%). So the sample size 
is enough for statistical analysis. So this study was not 
underpowered [46].

The scoring standard of the brief scale is established 
according to the type of variables. (1) if risk factors are 
dichotomous variables: The value is assigned 1 point 
when the risk factor exists, and assigned 0 points when 

it does not exist. (2) if the risk factors were ordered mul-
tivariate variables: The value is assigned 0 points when 
the variable is graded to level 1, 1 point for level 2, and 2 
points for level 4. Maternal thrombosis history and fam-
ily history of thrombosis are widely accepted as the most 
important factors for VTE, the assignment value of the 
maternal or family history of VTE is adjusted to 2 points 
(See Table 3).

Discrimination of the scale
All the 1152 pregnant women included in the study 
were scored according to the VTE scale and ranked 

Table 1 Single factors of scale for VTE [ n (%)]
Characteristics VTE group

(n = 384)
Control group
(n = 768)

χ2 P

Age (years) < 35 175(45.6) 602(78.4) 8.685 0.003
≥ 35 208(54.2) 166(21.6)

BMI before pregnant <18.5 20(5.2) 108(14.1) 3.658 0.300
18.5~ 327(85.2) 538(70.1)
25.0~ 20(5.2) 111(14.4)
≥ 30.0 12(3.1) 11(1.4)

BMI before delivery 18.5~ 43(11.2) 273(35.6) 7.768 0,020
25.0~ 250(65.1) 286(37.2)
≥ 30.0 91(23.7) 209(27.2)

Weight gain rate during pregnancy slow 33(8.5) 67(8.7) 1.396 0.482
normal 132(34.4) 350(45.6)
fast 219(57.1) 351(45.7)

Delivery way vaginal delivery 0 230 (30.0) 11.356 0.008
planned cesarean section 220 (57.2) 363 (47.2)
emergency cesarean section 164 (42.8) 175 (22.8)

Postpartum blood loss (ml) < 500 ml for vaginal delivery or
< 1 000 ml for cesarean delivery

384 (100) 723(94.2) 0.550(F)

≥ 500 ml for vaginal delivery or
≥ 1 000 ml for cesarean

0 45 (5.8)

Gestational hypertension no 351 (91.5) 647(84.2) 2.238 0.324
yes 33 (8.5) 121 (15.8)

Gestational diabetes no 341 (88.7) 582 (75.8) 1.968 0.162
yes 43 (11.3) 186 (24.2)

Family history (thrombosis, diabetes, cardiovascular) no 186 (48.5) 603 (78.5) 7.584 0.005
yes 198 (51.5) 165 (21.5)

Maternal thrombosis history no 362 (94.2) 768 (100) - 0.355
(F)

yes 22 (5.8) 0 (0)
Number of pregnancy (n) <3 241 (62.8) 681 (88.7) 7.690 0.005

≥ 3 143 (37.2) 87 (11.3)
Number of delivery (n) 1 275 (71.5) 624 (81.3) 2.003 0.359

2 109 (28.5) 121 (15.7)
≥ 3 0 (0) 23 (3.0)

Fertilization way natural conception 362 (94.4) 636 (82.8) 1.358 0.196
artificial insemination 22 (5.6) 132 (17.2)

D-dimer before delivery (mg/L) ≤ 3.05 253 (65.8) 626 (81.5) 1.962 0.160
> 3.05 131 (34.2) 142(18.5)

Weight of newborn (g) <2 500 22 (5.8) 43 (5.6) 0.360 0.780
2 500~ 308 (80.1) 657 (85.6)
>4 000 54 (14.1) 68 (8.8)
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in ascending order. The last 25% and the top 25% were 
named as a low-risk group and a high-risk group, respec-
tively. Based on the scoring sequence, the low and high-
risk boundary points were determined, with a low risk of 
1 point and a highrisk of 4 points. Combing the generally 
used Caprini scale, a score of below 1 point was classi-
fied as low risk, 2 as medium risk, and 3 ~ 4 as high risk, 
≥ 5 as extremely high risk. The differences between the 
high-risk group and the low-risk group were compared 
to determine whether the scale could effectively distin-
guish patients in the low-risk group and high-risk group 
when taking the standard values of all sectors. The results 
showed that 285 patients in the low-risk group scored 
0.56 ± 0.51 points and 384 cases in the high-risk group 
with a score of 5.05 ± 1.12 points. The difference between 
the two groups was statistically significant (P < 0.001), 
indicating that the risk factor assessment scale for VTE in 
full-term pregnant women could distinguish the low-risk 
group from the high-risk group with good discrimina-
tion. The scale is of high prediction efficiency and effec-
tiveness in the rapid evaluation of postpartum VTE in 
full-term pregnant women. The scale has high discrimi-
nation, indicating that the risk factor assessment scale for 

VTE could distinguish the low-risk group from the high-
risk group.

Efficiency and effectiveness of the scale
In this study, the ROC curve was used to test the pre-
diction efficiency and effectiveness of the short scale 
for rapid evaluation of postpartum VTE in full-term 
pregnant women. The test indexes included sensitivity, 
specificity, Yuden index, and area under the ROC curve 
(AUC). The results showed that the sensitivity, specific-
ity, Yuden index, and area under the ROC curve were 
0.578, 0.756, 0.334 and 0.878, respectively, as shown in 
Fig.  1. The Hosmer-Lemeshow test, concordance index 
(C-index), and calibration curve were also used to eval-
uate the goodness and prediction accuracy of the scale. 
The Hosmer-Lemeshow test (HL test) is a model fitting 
index, which is used to judge the gap between the pre-
dicted value and the real value. In this study, p > 0.05 
indicates that the HL test is passed and there is no sig-
nificant difference between the predicted value and the 
true value. The C-index value is 0.88, which means that 
the probability that the predicted result agrees with 
the actual result is 88%. The calibration curve is a visu-
alization of the results of the goodness of Fit test of the 
Hosmer-Lemeshow, which is often used to evaluate the 
logistic regression model. The calibration curve showed 
that the scale’s actual probability is very close to the pre-
dicted probability (Fig. 2).

Discussion
The risk of postpartum venous thromboembolism in 
elderly women was higher. It was reported that the inci-
dence of VTE for pregnant women older than 35 in puer-
pera was higher the younger women. The incidence rate 
increases 2–10 times with the increase in age. In this 
research, the proportion of elderly mothers in the VTE 
group was 52.5%. This may be due to the reasons that the 
elderly women missed the best reproductive opportunity, 
they were easy to cause a variety of complications and 

Table 2 Logistic regression analysis of risk factors for VTE
variable Regression

coefficient
Standard
error

Wald χ2 P OR 95% CI

constant -0.686 0.232 9.30 <0.05 0.190 0.015 ~ 0.592
Age (years) ≥ 35.0 -2.502 0.983 6.250 0.014 0.088 0.036 ~ 2.801
BMI before delivery 25.0 ~ 30.0 -1.096 1.122 1.108 0.289 0.312 1.700 ~ 111.235

≥ 30.0 2.582 1.101 6.040 0.015 13.852 0.003 ~ 2.205
Delivery way planed cesarean -2.045 2.112 0.001 1.000 0.128 334.008 ~ 4

emergency cesarean 9.902 1.862 0.001 0.099 474.020 754.006
gestational diabetes yes 3.802 1.601 5.680 0.018 44.480 1.994 ~ 990.4355
Family history (diabetes, cardiovascular disease) yes -1.798 0.903 4.225 0.038 0.165 0.029 ~ 0.935
Delivery times ≥ 3 -1.504 1.023 2.114 0.150 0.226 0.014 ~ 1.802
Fertilization mode assisted productive 2.259 1.108 4.405 0.040 9.698 1.142 ~ 84.465
D- dimer before delivery (mg/L) > 3.05 -1.102 0.845 1.538 0.225 0.366 0.072 ~ 1.862

Table 3 Risk factors assessment scale for VTE
Characteristics 0 point 1 point 2 points
Age (years) < 35 ≥ 35 -
BMI before delivery <25 25 ~ 29.9 ≥ 30
Fertilization mode natural 

conception
assisted 
reproductive

-

Delivery mode vaginal delivery planned cesarean 
section

emer-
gency 
cesarean 
section

Gestational diabetes no yes -
Gestational 
hypertension

no yes -

Maternal VTE history no - yes
Family history no diabetes, cardio-

vascular disease
VTE
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Fig. 2 Calibration curve

 

Fig. 1 ROC curve of scale assessment
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amalgamation and blood viscosity was higher in 3 h after 
delivery. Therefore, nursing staff should pay attention to 
the prediction of high-risk VTE in elderly women (with 
age ≥ 35 years) and take care of maternal complaints and 
timely detect discomfort and anticipate the risk of VTE.

Obese pregnant women are easily complicated with 
venous thromboembolism after delivery. Abnormal 
coagulation system and platelet function excessive active 
in obese patients are easy to induce a hypercoagulable 
condition. Research showed that the possibility of VTE 
incidence increased 2-5-fold if the pregnant BMI ≥ 25. 
The risk for VTE in pregnant women with BMI ≥ 30 was 
14.0 times higher than in mothers with BMI < 25. During 
pregnancy education and perinatal medical examination, 
the medical staff should underline the importance of a 
healthy diet and moderate exercise, which can help preg-
nant women to control their weight reasonably during 
pregnancy and reduce the risk of postpartum VTE [48, 
49].

Pregnant women with gestational diabetes mellitus or 
gestational hypertension are the population with a high 
risk of venous thromboembolism. The results of this 
study showed that the incidence of VTE in pregnant 
women with gestational diabetes was 46.0 times that in 
normal women without VTE. The latest Caprini throm-
bosis assessment scale also lists diabetes as an important 
influencing factor for VTE [42]. In addition, gestational 
hypertension, especially preeclampsia and eclampsia, is 
widely recognized as one of the high-risk factors for post-
partum VTE in the world. The coagulation factor of preg-
nant women with hypertension significantly increased 
and the fibrinolytic activity was relatively weak, which 
lead to coagulation system disorder and increase the risk 
of postpartum VTE [50]. So it is necessary to strengthen 
the prediction of VTE risk in pregnant women with ges-
tational diabetes mellitus and gestational hypertension to 
reduce the risk of VTE incidence.

Assisted reproductive technology is the potential risk 
factor for venous thromboembolism in postpartum [51]. 
According to statistics, the incidence of VTE after ovula-
tion induction using exogenous gonadotropin was about 
0.04%. This study also shows that the VTE risk among 
pregnant women with artificial insemination is 10.0 times 
higher than that of pregnant women with natural concep-
tion. This probably is related to the complications which 
are induced by assisted reproductive technology. Ovarian 
hyperstimulation syndrome is the main complication of 
assisted reproductive technology, which leads to hyper-
coagulability, slow blood flow, and finally the incidence 
of VTE. At present, obstetricians and nurses do not pay 
enough attention to the occurrence of VTE in pregnant 
women with assisted reproductive technology in China. 
Therefore, early diagnosing, early prevention, and early 
warning should be conducted in clinical work.

It was reported that genetic factor is an important fac-
tor for deep venous thrombosis (DVT) [52]. When con-
sidering the influence of family history on VTE, diabetes 
and cardiovascular diseases were included as risk factors 
in the VTE assessment scale. Studies show that a his-
tory of thrombosis is the most dangerous factor for the 
occurrence of VTE and the risk of recurrence of VTE 
increases 3 ~ 4 times [53–56]. In this study, only 1 woman 
had a history of thrombosis, and this influencing factor 
is not included in the final scale, which is probably due 
to the insufficient sample size of this study. Family his-
tory is an important component of maternal history for 
risk assessment of VTE. During the risk assessment of 
VTE, the inquiry of maternal family history should be 
strengthened. To avoid the omission of relevant content 
in the medical history record, it is recommended that the 
nurse take face-to-face inquiry during the evaluation of 
family history to ensure that all relevant family history is 
included in the risk assessment.

In the scale, the index used to predict the risk of VTE 
includes sensitivity, specificity, the Yuden index, the area 
under the ROC curve, etc. According to the results, if 
the scale is classified based on 1 point and 4 points, the 
sensitivity is 0.578 and the specificity is 0.756. If the area 
under the ROC curve of 0.878, and the prediction effi-
ciency is medium. Overall, the rapid VTE assessment 
scale in postpartum is useful to predict the incidence risk 
for VTE.

There are some strengths and limitations to this study. 
The first strength is that a sufficiently big sample size of 
participants was conducted and the participants were 
from 12 cities in developed and undeveloped areas, which 
guaranteed representativeness. The second strength is 
that a retrospective case-control study was used in this 
research and a logistic regression method was conducted 
to determine the risk factors of VTE. It guarantees the 
assessment scale for perinatal VTE of scientificity, valid-
ity, and reliability.

Conclusions
In conclusion, maternal age, BMI before delivery, gesta-
tional diabetes mellitus, mode of conception, and family 
history of related diseases were the main independent 
risk factors for VTE in puerperium in Chinese pregnant 
women. Based on our research results, a fast assessment 
scale for perinatal VTE was developed, which possessed 
advantages of excellent sensitivity, specificity, Yuden 
index, and area under the ROC curve.
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