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Abstract: Objective: Multivariate logistic regression analysis of preeclampsia in patients with pregnancy induced
hypertension and the risk predictive value of monitoring platelet, coagulation function and thyroid hormone in preg-
nant women. Methods: The data of 120 pregnant women who delivered their babies at Xinyu Maternal and Child
Health Hospital from January 2019 to January 2022 were analyzed retrospectively. Among the subjects studied,
60 were patients with preeclampsia as a study group and 60 healthy pregnant women were assigned to a control
group. The clinical data of pregnant women were recorded, including age, weight gain during pregnancy, national-
ity, education level, times of antenatal examinations, times of pregnancy and parturition, discovery of gestational
weeks, multiple pregnancies, amniotic fluid volume, neonatal weight, history of in vitro fertilization combined with
embryo transfer, history of diabetes, kidney disorders or preeclampsia, family background of high blood pressure,
anemia and so on. The clinical test data, such as platelet count and volume, coagulation function and thyroid hor-
mone, were collected in two groups of pregnant women. Multivariate logistic regression analysis was performed
on preeclampsia. The predictive value of platelet, coagulation function and thyroid hormone on preeclampsia was
explored. Results: We compared the general hematological parameters. Univariate Logistic analysis found that age,
history of diabetes, nephropathy or preeclampsia, family background of elevated blood pressure, weight gain during
pregnancy, frequency of pregnancy and multiple pregnancies were all risk factors for preeclampsia. Multivariate
Logistic regression analysis screened out that age, history of diabetes, kidney disorders or preeclampsia, family
background of hypertension were independent risk factors for preeclampsia. The white blood cell count and platelet
count of the study group were lower than those of the control group. Moreover, observed patients displayed a larger
average platelet volume (P<0.05). Significant differences were found in glutamic pyruvic transaminase, glutamic
oxaloacetic transaminase, lactate dehydrogenase, albumin, serum creatinine and uric acid, as well as in thrombin
time and activated partial thromboplastin time between the two groups (P<0.05). In terms of thyroid function, obvi-
ous differences were found in serum thyrotropin and free thyroxine between the two groups (P<0.05). Conclusion:
Age, history of diabetes, kidney disorders or preeclampsia, family background of highly blood pressure are indepen-
dent risk factors for preeclampsia. Platelet, coagulation function and thyroid hormone levels can have a certain risk
predictive value.
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Introduction the pregnancy-specific disease with a global

incidence of 5%-8% [1, 2]. The onset of HDCP is
Hypertensive disorder complicating pregnancy from 20 weeks of pregnancy to 12 weeks po-
(HDCP), which consists of chronic hypertension stpartum. The main clinical manifestations are
with preeclampsia, chronic hypertension, pre- elevated blood pressure (systolic blood pres-

eclampsia, pregnancy-induced hypertension, is sure > 140 mmHg and/or diastolic blood pres-
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sure > 90 mmHg), edema, proteinuria, accom-
panied by damage or failure of important or-
gans. In severe cases, convulsions, coma, car-
diorenal failure, placental abruption, diffuse
intravascular coagulation (DIC) and cerebral
hemorrhage, even maternal and fetal death
may occur. HDCP has become a serious obstet-
rical complication affecting maternal and infant
health and is an important cause of poor peri-
natal prognosis and death [3-5]. HDCP has al-
ways been a hot but challenging topic in patho-
logical obstetrical research. It is of significance
to improve the treatment of HDCP [6].

Preeclampsia is a kind of HDCP. The basic
pathophysiological changes are systemic small
vasospasm, decreased perfusion of various
organ systems, and irreversible damage in
severe cases. It is one of the important cause
of maternal and perinatal mortality. Also, it can
increase the risk of long-term maternal and
fetal complications [7]. Preeclampsia is a diffi-
cult research focus in perinatal medicine at
present. The etiology of this disease has not
been fully elucidated, and there is a lack of sim-
ple and accurate prediction methods clinically.
Most preeclampsia can only be found after the
occurrence of symptoms. Interventions were
carried out when complications occurred, with
severe organ and fetal damage, as well as
poor pregnancy outcome [8, 9].

At present, the pathogenesis theory recognized
by scholars is the “two-stage theory”. In stage
1, patients develop uterine spiral artery tropho-
blast recasting disorder, leading to placental
ischemia and hypoxia, releasing a variety of
placental factors. In stage 2, placental factors
enter the blood, promote the activation of sys-
temic inflammatory response and vascular en-
dothelial damage, leading to the disease [10-
12]. There are many high-risk factors for pre-
eclampsia: age, gravidity and parity, history of
preeclampsia, family history of hypertension,
multiple pregnancies, low socio-economic sta-
tus, malnutrition, assisted reproductive tech-
nology, medical complications (such as diabe-
tes, hypertension, kidney disease, thrombosis,
urinary infection, periodontitis and autoimmu-
ne diseases) [13, 14]. Through long-term and
continuous practice, clinicians continue to ex-
plore and gradually summarize corresponding
prevention methods, which can play a predict-
able protective effect on both pregnant women
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and fetuses [15]. Among them, the change of
blood coagulation mechanism may become an
effective starting point [16]. Coagulation sys-
tem activity may increase in patients with pre-
eclampsia at the initial stage. Many studies
have indicated that plasma D-dimer levels in
pregnant women with preeclampsia are much
higher than those without preeclampsia [17].
The purpose of this study was to assess the
implications of multiple factors on preeclamp-
sia and to find the relationship between the
indexes of routine prenatal examination and
preeclampsia.

Materials and methods
General information

The data of 120 pregnant women delivered
their babies in Xinyu Maternal and Child Health
Hospital from January 2019 to January 2022
were analyzed retrospectively, including 60
patients with preeclampsia as a study group
and 60 healthy pregnant women as a control
group. The control cases were 23-37 years old
(27.43+3.46), and the cases in the study gr-
oup were 23-38 years old (28.25+3.52). There
was no significant difference in age between
the two groups (P>0.05). Ethical approval was
obtained from our clinic’'s Health Policy Affi-
liation (20220032).

Inclusion criteria of the study group: 1) preg-
nant women with systolic blood pressure > 140
mmHg and/or diastolic blood pressure > 90
mmHg after 20 weeks of pregnancy with any of
the subsequent followings: urinary protein >
0.3 g/24 h, urinary protein/creatinine ratio >
0.3 or arbitrarily urinary protein > (+); 2) preg-
nant women with no previous history of cogni-
tive impairment and mental iliness; 3) pregnant
women who signed informed consent.

Inclusion criteria of the control group: pregnant
women without HDCP in the same period.

Exclusion criteria of the two group: 1) patients
with benign or malignant tumors, inflammatory
diseases, hepatitis B, acquired immune defi-
ciency syndrome (AIDS) or other infectious dis-
eases; 2) patients with blood system diseases,
endocrine system diseases, immune diseas-
es or other organ system basic diseases; 3)
patients with other obstetrical complications.
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Treatment methods

The clinical data of pregnant women were
recorded, including age, weight gain during
pregnancy, nationality, education level, times
of antenatal examination, times of pregnancy
and parturition, discovery of gestational weeks,
multiple pregnancies, amniotic fluid volume,
neonatal weight, history of in vitro fertilization
combined with embryo transfer, history of dia-
betes, kidney disorders or preeclampsia, family
background of high blood pressure, anemia
and so on. The clinical test data, such as pla-
telet, coagulation function, thyroid hormone,
were collected in two groups of pregnant wo-
men.

Observation index

Univariate Logistic analysis: Univariate Logistic
analysis was carried out to identify the risk fac-
tors associated with preeclampsia by univari-
ate Logistic analysis of 14 variables, such as
age, body weight during pregnancy, times of
pregnancy and parturition, multiple pregnan-
cies and history of preeclampsia.

Comparison of blood routine indexes: After
EDTA anticoagulation treatment during fasting
state in the morning, the red blood cell (RBC)
count, hemoglobin (Hb), white blood cell (WBC)
count, platelet count (PLT) and mean platelet
volume (MPV) were measured and compared.

Comparison of liver function indexes: After
EDTA anticoagulation treatment during fasting
state in the morning, the levels of alanine ami-
notransferase (ALT), aspartate aminotransfer-
ase (AST), lactate dehydrogenase (LDH), albu-
min (ALB) and globulin (GLB) were measured
and analyzed.

Comparison of renal function indexes: After
EDTA anticoagulation treatment during fasting
state in the morning, serum creatinine (Cr),
urea nitrogen (BUN) and uric acid (UA) were
measured and analyzed.

Comparison of blood coagulation function
indexes: After EDTA anticoagulation treatment
during fasting state in the morning, prothrom-
bin time (PT), thrombin time (TT), activated
partial thromboplastin time (APTT) and fibrino-
gen (FIB) were recorded and analyzed.
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Comparison of thyroid function indexes: After
EDTA anticoagulation treatment during fasting
state in the morning, serum thyrotropin (TSH)
and free thyroxine (FT4) were measured in preg-
nant women.

Statistical analysis

SPSS 24.0 software was applied to analyze the
data. For measurement data which were pre-
sented by (Xzs), independent samples t-test
was adopted for the inter-group comparison,
and paired t-test was adopted for the compari-
son between before and after treatment. The
counting data were presented by n (%), and x2
test was adopted for the comparison. The risk
factors were assessed by Logistic regression
analysis, advanced univariate Logistic analysis,
and then the factors with statistically signifi-
cant differences were calculated using multi-
variate Logistic Regression analysis. When P
value was less than 0.05, the difference was
statistically significant.

Results

Comparison of the general data between the
two groups

We conducted comparison of the general data
between the two groups, including age, history
of diabetes, nephropathy or preeclampsia, fam-
ily background of high blood pressure, weight
gain during pregnancy, frequency of pregnancy
and multiple pregnancies, and all the differenc-
es were statistically significant (P<0.05). All the
results are shown in Table 1.

Multivariate Logistic regression analysis

Multivariate Logistic regression analysis scre-
ened out that age, history of diabetes, kidney
disorders or preeclampsia, family background
of hypertension were independent risk factors
for preeclampsia. All the results are shown in
Table 2.

Comparison of blood routine indexes

The WBC count and PLC of the study group
were lower than those of the control group.
Moreover, the observed patients displayed a
larger average platelet volume (P<0.05, Table
3).
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Table 1. Logistic univariate analysis of risk factors for preeclampsia

Regression

Standard

Variable coefficient error Wald Value P Value OR Value (95% ClI)
Age (= 35 years old) 2.14 1.043 4.210 0.040 8.499 (1.100-65.646)
History of diabetes mellitus 1.264 0.276 20.974 0.000 3.540 (2.061-6.080)
History of kidney disease 1.248 0.352 12.570 0.000 3.483 (1.747-6.944)
Family history of hypertension 1.784 0.374 22.753 0.000 5.954 (2.860-12.392)
History of preeclampsia 1.574 0.327 23.169 0.000 4.826 (2.542-9.161)
Weight gain during pregnancy 1.582 0.293 29.153 0.000 4.865 (2.739-8.639)
Number of pregnancy and parturition 0.873 0.353 6.116 0.013 2.394 (1.199-4.782)
Multiple pregnancy 0.845 0.318 7.061 0.008 2.328 (1.248-4.342)
Table 2. Logistic multivariate analysis of risk factors for preeclampsia

Variable F;ii;ﬁiz‘;? Stzrr‘r(larrd Wald Value P Value OR Value (95% Cl)
Preeclampsia 19.43 0.682 320.413 0.000 /

Age (= 35 years old) 3.26 0.879 13.755 0.000 26.050 (4.651-145.888)
Family history of hypertension 1.347 0.531 6.435 0.011 3.846 (1,358-10.889)
History of kidney disease 1.186 0.361 10.793 0.001 3.274 (1.614-6.643)
History of diabetes mellitus 1.025 0.348 8.675 0.003 2.787 (1.409-5.513)

Table 3. Comparison of general hematological parameters between the two groups [X +s]

Group N RBC (x10*2/L) Hb (g/L) WBC (%) PLT (x10°%/L) MPV (fl)
Control group 60 4.02+1.24 123.64+13.25 9.87+1.61 198.84+46.37 10.26+1.08
Study group 60 4.16+1.21 124.21+12.36 9.21+1.56 178.53+53.13 11.67+1.25
t 0.625 0.243 2.280 2.230 6.611
P 0.532 0.807 0.024 0.027 0.000

RBC: red blood cell, Hb: hemoglobin, WBC: white blood cell, PLT: platelet count, MPV: mean platelet volume.

Comparison of liver function indexes

Significant differences were discovered in glu-
tamic pyruvic transaminase, glutamic oxalo-
acetic transaminase, lactate dehydrogenase
and albumin between the two groups (P<0.05,
Figure 1).

The renal functional indexes

Great differences were found in serum creati-
nine and uric acid between the two groups
(P<0.05, Figure 2).

Blood coagulation function
There were markable differences in thrombin

time and activated partial thromboplastin time
between the two groups (P<0.05, Table 4).
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The thyroid function

In terms of the indexes of thyroid function, obvi-
ous differences were discovered in serum thy-
rotropin and free thyroxine between the two
groups (P<0.05, Table 5).

Discussion

Pregnancy induced hypertension syndrome is
characterized by hypertension, albuminuria
and edema in women after 20 to 24 weeks
of pregnancy, often accompanied by multiple
organ damage, and even coma, convulsions,
cerebral hemorrhage, placental abruption and
heart failure in severe cases, possibly lead-
ing to maternal death [18]. Preeclampsia and
eclampsia are the results of the further de-
velopment of HDCP [19-21]. The main causes
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Figure 1. Comparison of liver functional indexes be-
tween the two groups.

of neonatal death are preterm delivery and
asphyxia caused by eclampsia. Studies have
indicated that patients with preeclampsia have
poor maternal uterine and placental blood cir-
culation, which hinder fetal oxygen and nutrient
intake, thereby affecting fetal growth and de-
velopment. The incidence of preterm delivery
in patients with early-onset serious preeclamp-
sia is significantly higher than that in patients
with other types of preeclampsia. Additionally,
the mothers often have to terminate pregnan-
cy early due to the progression of the disease
[22, 23]. A cohort study in 354676 Swedish
pregnant women found that women with a his-
tory of preeclampsia had a significantly aug-
mented risk of developing preeclampsia when
they were pregnant again, and the risk of still-
birth in a second pregnancy doubles. Resear-
chers also compared the effects of preeclamp-
sia on outcomes and found that the incidence
of adverse outcomes such as preterm delivery
and low birth weight infants increased by 6-9
times [24-26]. In addition, 67% of pregnhant
women with severe eclampsia are prone to
thrombosis [27]. Related genetic studies have
found a significant increase in the mutation
rate of placenta and prothrombin gene in pre-
eclampsia [28]. The blood coagulation alters in
patients with preeclampsia, especially in the
process of early DIC. Embolism of the capillary
bed and microcirculation disturbance in the
hypercoagulable state can lead to the death of
perinatal infants with poor placental circulation
[29].

So far, the pathogenesis of preeclampsia is still

unclear. The main theories about the patho-
genesis of preeclampsia are inflammatory and
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Figure 2. Comparison of renal functional indexes be-
tween the two groups.

immune overactivation, uterine spiral arteriole
recasting disorder, vascular endothelial cell in-
jury, genetic factors and insulin resistance [30].
A study found that history of diabetes and kid-
ney disease in pregnant women were the main
risk factors for preeclampsia. When they were
suffering from diabetes and nephropathy at the
same time, the incidence of HDCP would be
over 50% [31]. When pregnant women suffer
from hypertension, diabetes, kidney and other
medical diseases, the pathophysiology of pla-
centa will change, which injures systemic en-
dothelial cells and cause systemic arteriole
spasm, leading to preeclampsia [32]. This study
support the notion that when pregnant women
suffer from kidney disease and diabetes, the
risk of preeclampsia is significantly increased.
Genetic factors have also been confirmed as
the causes of HDCP. When the patients’ pa-
rent(s) suffered from hypertension, the risk of
preeclampsia is significantly augmented in
pregnant women. Therefore, family history of
hypertension is one of the main risk factors for
preeclampsia [33-35]. Age is another impor-
tant influencing factors of preeclampsia. At
present, China recommends that the best
childbearing age is from 23 to 30 years old,
and women over 35 years old are elderly partu-
rients [36, 37]. A case-control study in Bangkok
also indicated that pregnant women aged 35
or older had a 1.7-fold risk of developing pre-

Am J Transl Res 2022;14(9):6805-6813



Risk factors of preeclampsia in patients with pregnancy induced hypertension

Table 4. Comparison of coagulation function indexes between the

two groups [x S]

synthesize protein decreased
significantly, which decreases

Group N PT (s) TT (s) APTT (s)

FIB (g/L) plasma colloid osmotic pres-

Control group 70 57.42+5.37 3.9311.48 276.43137.37 7.74+2.14
Study group 70 63.4715.64 4.24+1.67 383.12+47.54 7.34+2.72
t 6.017 1.076 26.476
P 0.000 0.284 0.000

sure, increases blood volume
and easily elevates blood pres-
sure. (3) The deficiency of thy-

1.119 .
roid hormone can lead to the

0.265

PT: prothrombin time, TT: thrombin time, APTT: activated partial thromboplastin

time, FIB: fibrinogen.

Table 5. Comparison of thyroid function in-
dexes between the two groups [x +S]

Group N  TSH(mIU/L) FT4 (pmol/L)
Control group 60 2.31+0.89 12.43+3.24
Study group 60 3.82+1.03 10.02+2.68
t 8.592 4.439

P 0.000 0.000
TSH: thyrotropin, FT4: free thyroxine.

eclampsia. Pregnant women over 30 years old
should strengthen their awareness of health
care and pay attention to their blood pressure.
If an abnormal rise in blood pressure was
observed, they should communicate with their
doctors in time to avoid the development of
preeclampsia. The level of thyroid hormone
during pregnancy changes with the change of
gestational weeks. The levels of TSH and FT4
change throughout the whole gestational peri-
od. TSH, FT4 and TPOADb are triple indicators of
thyroid function screening during pregnancy.
Some prior reports believed women with severe
preeclampsia had higher serum TSH level and
lower serum FT4 level than healthy pregnant
women, indicating that there is a close relation-
ship between severe preeclampsia and thyroid
hormone levels. This corresponds to previous
studies that hypothyroidism during pregnancy
is a high-risk factor for preeclampsia. The rea-
sons may be as follows. (1) Deficiency of free
triiodothyronine in hypothyroidism weakens its
relaxing effect on aortic endothelial cells and
vascular smooth muscle cells, and decreases
the synthesis rate of nitric oxide, a vasodilator,
in hypothyroidism. It leads to endothelium-
dependent vasodilation dysfunction and incre-
ases vascular resistance. The decrease of thy-
roid level can reduce systemic hemodynamics,
renal blood flow and glomerular filtration rate,
promoting the development of hypertension.
(2) During hypothyroidism, the ability of liver to
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disorder of fat metabolism and
glucose metabolism and incre-
ase the risk of preeclampsia.
During the development of se-
vere eclampsia, changes in renal structures
occur, such as vascular endothelial hyperplasia
and increased glomerular permeability, result-
ing in the excretion of thyroid hormones in the
urine, leading to a decrease in various thyroxine
levels and the development of low FT4. The
decrease of thyroid hormone level counteracts
on the kidney tissue and promotes the change
of renal tissue structure, which reduces the
renal blood flow and glomerular filtration capac-
ity in varying degrees, thus increasing the bur-
den of the kidney and causing a vicious circle of
renal function damage. Therefore, severe pre-
eclampsia and hypothyroidism promote and
influence each other, thus worsening the pr-
ognosis of pregnant women and newborns.
Several studies in patients with severe pre-
eclampsia with thyroid dysfunction have indi-
cated differences in pregnancy outcomes bet-
ween those with early onset and those with
late onset [38-40]. In this study, univariate
Logistic analysis indicated that age, history of
diabetes, nephropathy or preeclampsia, family
background of hypertension, weight gain during
pregnancy, frequency of pregnancy and multi-
ple pregnancies were all risk factors for pre-
eclampsia. In addition, the age, history of dia-
betes, renal disorders or preeclampsia records,
family background of hypertension were inde-
pendent-risk factors for preeclampsia. We com-
pared the blood routine indexes. The WBC
count and PLC of patients were lower than
those in healthy subjects. In contract, the
observation cases showed a larger average
platelet volume. In addition, there were signifi-
cant differences in glutamic pyruvic transa-
minase, aspartate aminotransferase, lactate
dehydrogenase and albumin between the two
groups (P<0.05). In terms of liver function,
great differences were discovered in serum cre-
atinine and uric acid between the two groups
(P<0.05). Significant differences in thrombin
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time and activated partial thromboplastin time
were found between the two groups (P<0.05).
Also, there were significant differences in se-
rum thyrotropin and free thyroxine between the
two groups (P<0.05). The analysis indicated
that due to the change of physiological func-
tion, the fibrinolytic system and blood system of
pregnant women were affected accordingly, so
that the blood anticoagulant components were
decreased rapidly, and the blood coagulation
factor Il and V were activated continuously. The
contents in the blood increased accordingly,
which inhibited the activation of the fibrinoly-
tic system, and finally led to hypercoagulable
blood. When the blood system of pregnant wo-
men changes during pregnancy, the dynamic
balance of the original fibrinolysis system and
coagulation system is impacted. Then, the ac-
tivity of coagulation factors becomes stronger,
and the fibrinogen in the fibrinolysis system is
changed accordingly. Moreover, a new balance
system is re-established. Although the hyperco-
agulable state of maternal blood system during
pregnancy contributes to placental abruption
and avoids massive bleeding, it also increases
the incidence of complications such as throm-
botic and obstetrical diseases. The platelets in
human body mainly promote the release of
endogenous TXA2 and ADP by adhering to sub-
cutaneous collagen to inhibit platelet aggrega-
tion and stop bleeding, which has important
application value in evaluating vasospasm and
severity of injury in pregnant women. Common
indicators include PLT, PMV and PDW. PLT
reflects the status of platelet production and
death, which is an important index to moni-
tor the existence of coagulation dysfunction in
pregnant women. MPV is an important index to
reflect platelet volume, macrophage regenera-
tion and metabolism. Larger volume indicates
stronger metabolism, adhesion and aggrega-
tion ability. PDW is an index reflecting the differ-
ence of platelet volume and platelet regenera-
tion. As the distribution coefficient of MPV, it
can reflect the change of platelet volume to
some extent. The same idea can be found in
the study put forward by Benschop [40]. They
applied new methods and the conclusion rea-
ched supported our study. There are some limi-
tations in this study. The sample size of our
study is not large, and it is a single-center study,
so bias is inevitable. In future research, we will
carry out multi-center, large-sample prospec-
tive studies to obtain more valuable conclu-
sions.
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In summary, age, history of diabetes, kidney
disorders or preeclampsia, family background
of hypertension are all high-risk factors for PIH
at present. It is therefore important to monitor
high-risk factors, prevent them in a timely man-
ner and choose appropriate treatments to pro-
tect maternal health and reduce mortality from
perinatal disability. Age, history of diabetes,
kidney disorders r preeclampsia, family back-
ground of high blood pressure are independent
risk factors for preeclampsia. Platelets, coagu-
lation function and thyroid hormone levels have
some risk predictive value.
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