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Abstract. – OBJECTIVE: Preeclampsia (PE) 
is a complex disease-causing multisystem dam-
age. Many genes, environmental factors, and 
their interactions are involved in the develop-
ment and progression of PE. The pathogene-
sis of PE is not fully understood, limiting the 
prevention and treatment of PE. The aim of this 
study was to investigate the effect of 4,4’-diiso-
thiocyanato-stilbene-2,2’-disulfonic acid (DIDS), 
an ATP-binding cassette transporter A1 (ABCA1) 
blocker, on apoM mRNA and protein levels.

PATIENTS AND METHODS: The role of 
liver X receptor α (LXRα) and ABCA1 in the 
pathogenesis of PE was investigated by opti-
mizing the design of DIDS inhibition based on 
a deep learning model. 

RESULTS: The proportion of primipara in 
the research group, EOPE group, LOPE group, 
and controls was 59.82%, 65.85%, 56.34%, and 
21.43%, respectively. The difference between the 
research group and the controls was statistical-
ly significant (p<0.01). In the clinical data, se-
rum-free triiodothyronine (FT3), gestational age 
at delivery, high-density lipoprotein cholesterol 
(HDL-C), hemoglobin (HGB), albumin, and plate-
let (PLT) in the research group were lower than 
those in the controls (p<0.05).

CONCLUSIONS: ABCA1 is considered to affect 
apoM mRNA expression, G/HDL-C may increase 
the risk of LOPE, and overweight or obesity, ab-
normal glycemic regulation, and hypothyroidism 
are independent risk factors closely related to the 
pathogenesis of PE and its subgroups.
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Introduction

Preeclampsia (PE) is a complex disease-cau-
sing multisystem damage. Multiple genetic and 
environmental factors and their interactions in-
fluence the development and progression of PE. 

The mechanism of PE is not fully understood, 
which limits the prevention and development of 
PE. The data point to familial aggregation in the 
development of PE, which is heritable in only 25-
54% of the population1,2. During pregnancy, va-
rious physiological changes occur in the mother, 
including increased blood lipid concentrations, 
changes in thyroid hormone secretion, changes in 
blood glucose, and changes in cellular metaboli-
sm to meet the needs of fetal growth. When the 
above physiological factors reach a certain level, 
they enter the mother’s decompensated phase, le-
ading to pathological diseases, such as hyperlipi-
demia, hypothyroidism and hypertension during 
pregnancy, and other metabolic diseases3-5.

Data6,7 have shown that the increase of fetal 
serum triglyceride and cholesterol levels in early 
pregnancy is the main risk factor for the deve-
lopment of PE, and the correlation between the 
two is positive; while in late pregnancy, high 
BMI levels, Lipoprotein (a) [Lp (a)], and Apoli-
poprotein B (APO-B) are the main risk factors 
for concurrent PE. Many research data8-11 have 
shown that there is a complex link between poor 
glycemic control, hypothyroidism, metabolic di-
sorders, and PE which directly affects the safety 
of pregnancy and fetal health. Although there 
have been many research12-15 results on PE in 
recent years, the causes and mechanisms of PE 
are so far still difficult problems and key topi-
cs in scientific research. In recent years, great 
progress has also been made in the research 
and development of molecular biology tech-
niques. With the development of an in-depth 
study of human genomics, including the de-
velopment of genome-wide association study 
(GWAS) methods16, the study of genetic factors 
for various diseases will also form an oppor-
tunity. At present, there have been a variety of 
genome-wide correlation analyses17,18 based on 
PE, and efforts have been made to reveal the 
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susceptibility genes and polymorphic sites related 
to PE in various geographical and ethnic groups. 

Liver X receptor (LXR) was originally isolated 
from a human liver cDNA library by DNA-binding 
domain (DBD) probe hybridization and belongs to 
the orphan nuclear receptor family. LXR is also 
an important control target to protect cells from 
lipid overload through lipid sensors and direct-
ly or indirectly regulates cholesterol loss caused 
by apolipoproteins, thereby protecting cells from 
lipid overload. LXR interacts on multiple target 
genomes after activation by the natural ligand oxy-
sterols as well as the synthetic activator TO901317 
and plays a major regulatory role in steps such as 
fat, sugar, water, and salt metabolism, and inflam-
matory immunology19,20. LXR has been shown to 
modulate multiple apolipoproteins in a time- and/or 
dose-dependent manner at both mRNA and protein 
levels. LXR upregulated gene expression of apoAI, 
apoAIV, apoB, apoCI, apoCIV, apoD, and apoE 
and downregulated apoAV gene expression21-23. 

LXR normally regulates target genes in two 
ways: first, LXR forms a heterodimer with reti-
noid X receptor (RXR) after activation and binds 
to the liver X-receptor response element (LXRE) 
upstream of the target gene promoter to regulate 
target gene expressiondirectly24,25. The second is 
an indirect way. For example, apoAV is a canoni-
cal gene indirectly regulated by LXR. Activation 
of LXR decreased apoAV mRNA levels in hepa-
tocellular carcinoma (HCC) cell lines, and the 
effect of LXR activation on apoAV mRNA levels 
disappeared after specifically blocking SREBP-1c 
expression. ATP-binding cassette transporter A1 
(ABCA1) is a member of the ATP-binding casset-
te transporter (ABC) gene family26. ABC encodes 
proteins involved in the transport of substances 
between biofilms. ABCA1 regulates cholesterol 
efflux by using ATP involved in lipid movement 
from the inner membrane to the outer membrane 
and from the membrane to HDL or apoA-I.

LXR can down-regulate the expression of apoM 
mRNA in HepG2 cells in a time- and dose-de-
pendent manner after activation, but its regulatory 
mechanism is not clear27. In order to investigate 
whether ABCA1 is involved in the downregulation 
of apoM by LXR at the mRNA level, the regula-
tory effect of ABCA1 blocker 4,4’-diisothiocyana-
to-stilbene-2,2’-disulfonic acid (DIDS) on apoM 
mRNA and protein levels was detected by DIDS 
inhibition optimization design based on a deep 
learning model. It aimed to investigate the mecha-
nism of liver X receptor α (LXRα) and ABCA1 
involved in the pathogenesis of PE.

Patients and Methods

Study Subjects
Among pregnant women who presented to the 

Department of Obstetrics and Gynecology, Quan-
zhou First Hospital Affiliated with Fujian Medical 
University for delivery from June 2020 to June 
2022, 112 PE patients were selected as the rese-
arch group. According to whether termination of 
pregnancy was required due to PE before 34 weeks 
of gestation, the research group was further divi-
ded, with 41 cases in the early-onset group (EOPE 
group) and 71 cases in the late-onset group (LOPE 
group). A total of 70 healthy pregnant women who 
delivered during the same period were selected as 
the controls. A total of 182 unrelated Chinese Han 
women were enrolled in the case-control study. 
The experiment was conducted according to the 
Declaration of Helsinki and ethical approval was 
obtained from the Ethics Committee of the De-
partment of Quanzhou First Hospital Affiliated to 
Fujian Medical University. All subjects agreed to 
participate in this experiment and signed an infor-
med consent form. Inclusion and exclusion criteria 
are shown in Table I and Table II.

Specimen Collection and Processing
A total of 5 mL of peripheral venous blood 

was collected from patients in the research group 
and the controls using EDTA-K2 anticoagulant 
blood collection tubes (Queensland, Australia) 
after admission and before delivery in all study 
subjects and shaken immediately after injection. 
Samples were coded sequentially after collection, 
transported to the laboratory at below 4°C, and 
stored in a -80°C freezer until testing.

DNA Sample Detection and Extraction
DNA sample detection method: (1) Agarose gel 

electrophoresis was used to analyze the degree of 
DNA degradation and whether there was RNA 
or protein contamination. (2) Qubit® 3.0 Fluoro-
meter (Thermo Fisher Scientific, MA, USA) was 
used to accurately quantify DNA concentration.

Multiple polymerase chain reaction (PCR) tech-
nology was used for target next-generation sequen-
cing, and MYLIP gene rs3757354 and ABCA1 gene 
rs2230806 were detected in fetal peripheral blood. It 
refers to the use of PCR technology to amplify DNA 
of all target segments of the human genome at the 
same time to obtain amplification, and then PCR was 
used to connect the second-generation sequencing 
technology to the two ends of amplification. The 
library was expanded to be the second-generation 



Mechanisms of the involvement of liver X receptor α and ABCA1 in preeclampsia

6321

sequencing technology to obtain the sequence in-
formation of target segments. The experimenter 
strictly followed the database construction process. 
The material weight of each sample prepared from 
the DNA sample was about 100 ng. The extracted 
amplification product was purified with agencore 
AMPure XP nucleic acid amplification and purifi-
cation kit (Beckman Coulter, CA, USA). Qubit® 3.0 
Fluorometer (Thermo Fisher Scientific, MA, USA) 
was used to label concentrated fragments. Agilent 
2100 biochip analysis system (Agilent Technolo-
gies, CA, USA) was used to measure the required 
fragment length. The fragments meeting the stan-
dard would be sequenced with Illumina NovaSeq 
sequencing system (Illumina, CA, USA) (Figure 1). 

Molecular Design and Optimization 
Based on Deep Generation Model

Molecular generation based on Recurrent 
Neural Network (RNN)

RNN is an artificial neural network that proces-
ses input sequences using internal state (memory). 

The RNN architecture expands over time to han-
dle sequence types of input vectors28.

s1:n=(s1,s2,...,sn)                                               (1)

The model centers on learning the probability 
distribution of all possible symbols (symbol voca-
bulary), aiming to maximize the possibility of allo-
cating to the correct mark. The probability distri-
bution of learning sequence s is written as follows.

Pθ(s)=∏t=1
TPθ(si|si-1,si-2,…,s0)                                   (2)

The input of RNN model is a set of input 
vectors s1:n=(s1,s2,...,sn)  and initial state vector h0, 
hiding the status update and returning an output 
vector sequence.

o1:n(o1,o2,…,on)                                                  (3)

At each moment, the hidden status h will be 
updated as follows.

ht=f(ht-1,st)                                                       (4)

Table I. Inclusion and exclusion criteria of research group.

No. Inclusion criteria 

1 Systolic blood pressure ≥140 mmHg, diastolic blood pressure ≥90 mmHg after 20 weeks of pregnancy 
2 With proteinuria ≥0.3g/24 h or random urine protein (+), or no proteinuria 
3 No special medication history during pregnancy 
4 Physical health, no history of chronic hypertension, heart disease, liver disease, kidney disease, diabetes,
 no history of blood transfusion and immunotherapy

No. Exclusion criteria 

1 Patients with comorbidities such as chronic hypertension, chronic cardiovascular disease, systemic lupus 
 erythematosus, cerebrovascular accident, and kidney disease 
2 Twins or multiple births

Table II. Inclusion and exclusion criteria of controls.

No. Inclusion criteria 

1 Normal blood pressure during pregnancy 
2 Auxiliary examination: blood routine, urine routine, coagulation routine, biochemical, liver and kidney 
 function are normal 
3 No previous history of PE, no symptoms of chronic hypertension, heart disease, liver and kidney disease, 
 heart disease, hypertension, no history of infusion or immunotherapy 
4 This pregnancy was not artificial insemination 
6 No placenta previa, premature rupture of membranes, threatened abortion, twins or multiple births, 
 macrosomia, and other obstetric complications 

No. Exclusion Criteria 

1 Patients with comorbidities such as chronic hypertension, chronic cardiovascular disease, systemic lupus 
 erythematosus, cerebrovascular accident, and kidney disease
2 Twins or multiple births
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ƒ is a recursive activation function. ƒ is as simple 
as the sigmoid function or as complex as the long 
short-term memory (LSTM) unit. LSTM is a variant 
of RNN. Compared with the traditional RNN, LSTM 
is better at dealing with the problem of long-term 
distance dependence, that is gradient disappearance.

The key of LSTM is the unit state, which ma-
kes the network have the memory of past events. 
It determines the output of the current step and 
affects the next cell state. The dynamic update 
process of LSTM unit status is represented by the 
following composite functions.

ft=σ(wxfxt+whfht-1+bf)                                                 (5)

it=σ(wxixt+whiht-1+bi)                                                 (6)

gt=tanh(wxgxt+whght-1+bg)                                         (7)

ot=σ(wxoxt+whoht-1+bo)                                              (8)

ct=ftct-1+itgt                                                                   (9)

ht=ot*tanh(ct)                                                               (10)
xt is the input vector of time t, ct-1 and ct  is the me-

mory state vector of time t-1 and t, respectively. ft, it, 

gt, ot represent the forgetting gate, input gate, candi-
date memory state gate, and output gate respectively.

The RNN network structure has one mo-
re feedback input than the traditional neural 
network. The feedback input contains matrix W 
and the output information at the previous time. 
When the time is t, the neural node not only re-
ceives input X at time t, but also receives weights 
and St-1 at time t-1.

Output value at time t, the expression of ot 
is as follows.

ot=g(Vst)                                                  (11)

g means activation function, V means weight, 
st represents the sum of weights at time t.

The expression of weight and st at time t is 
as follows.

st=f(Uxt+Wst-1)                                                     (12)

f represents the activation function, U repre-
sents the weight, W represents the state tran-
sition weight matrix from the previous time to 
the next time, and “x” _”t”   represents input at 
time t, st-1 represents the sum of weights at t-1 

Figure 1. Demonstration chart of multiplex PCR database construction capture process.
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time. Equation (12) is infinitely substituted into 
Equation (11) to get ot expansion Equation (4), 
showing that RNN has a strong memory fun-
ction for sequence information.

ot=Vf(Uxt+Wf(Uxt-1+Wf(Uxt-2+Wf(Uxt-3+...))))   (13)

Forward propagation algorithm
Forward propagation algorithm can realize the 

function of data forward propagation. Based on 
RNN, the forward propagation process of RNN is 
introduced. According to the model introduced in 
the previous section, the calculation of parameters of 
the forward propagation algorithm is introduced29,30.

At time t, the hidden state st is as below.

st=σ(Uxt+Wst-1+b)                                              (14) 

σ represents the activation function, generally 
tanh, and b represents offset.

At time t, ot is as below.

ot=Vst+c                                                         (15) 

c indicates offset.
At time t, the predicted output (yt) is as below.

(yt)=σ(ot)                                                     (16) 

Back Propagation Algorithm
Based on the RNN forward propagation algo-

rithm, the RNN backward propagation algorithm 
is obtained. The process of RNN backpropaga-
tion algorithm is to calculate the gradient of each 
parameter of the model, that is, the gradient of U, 
W, V, b, c, through the transfer characteristics of 
gradient descent error.

To facilitate understanding, it is assumed that 
the loss function is the cross-entropy loss fun-
ction L, the output activation function is the soft-
max function, and the hidden activation function 
is the hyperbolic tangent (TANH) function.

The total loss function is calculated.

L=∑t=1
 TLt                                                 (17) 

The gradients of V, c are as below.

(18)

(19)

The gradient δ of hidden state at time t is 
defined as Equation (20).

(20)

δt is obtained by δt+1.

(21)

The expression of δT  is Equation (22).

(22)

The gradient expression of δt, W is Equation (23).

(23) 

The gradient expression of U is computed.

(24)

The gradient expression of b is computed.

(25)

From the above derivation, it is found that 
the gradients of W, U and B are simultaneously 
related to \mathrm{s}\uMathrm{t}. Because \ma-
thrm{s}\uuMathrm{t} is a TANH function with 
a value between 0 and 1, when the value of t is 
too large, that is, when the sequence data pro-
cessed by RNN is too long, the gradients of W, 
U and B are infinitely close to zero, resulting in 
the problem of gradient disappearance. Gradient 
vanishing problem exists not only in RNN, but 
also in other deep network models. At present, 
there are several common methods31,32 to solve 
the problem of gradient disappearance, such as 
replacing the original activation function with 
rectified linear unit (ReLU) activation function. 
In the natural language processing (NLP) field, 
LSTM or LSTM deformation is usually used to 
replace the traditional RNN.

Statistical Analysis
All the data obtained were filled in Excel (Micro-

soft Corporation, Redmond, WA, USA) form item 
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by item and the data analysis software system in 
SPSS Statistics 26 (IBM Corp., Armonk, NY, USA) 
was adopted for data processing. Using statistical 
software, the gender characteristics and general con-
ditions of the included population were first studied, 
and then the S-W test was used to test the normality. 
The test results followed the normal distribution 
law, expressed as x±s, and the statistical differences 
between the test results were investigated. Indepen-
dent sample t-test was applied to compare the results 
of the two groups, and an analysis of variance Shin-
Nihon Ki-2027 (SNK) method was adopted to com-
pare the results between the groups. The reference 
value area was studied again, which was skewed 
distribution, using the percentile method. After the 
outliers were subtracted, the median value and the 
bilateral limit M (2.5th-97.5th) were used to represent 
the reference value area, and p<0.05 indicated that 
the difference was statistically significant.

Results 

Comparison of General Data 
In the analysis of results, the research group, 

research group subgroups (EOPE group, LOPE 
group), and controls were compared and analyzed 
in terms of age. The mean age of the research 
group was 32 years and that of the controls was 31 
years (p>0.05). In the research group, the age of 
the patients in the EOPE group was significantly 
different from that of the controls (p<0.05). In terms 
of averaged prenatal BMI, the research group was 
29.97 and the control group was 27.13 (p<0.01), also 
the prenatal BMI levels of patients in the EOPE 
and LOPE groups were significantly different from 
those in the controls (p<0.01). In terms of systolic 
blood pressure (SBP) and diastolic blood pressure 
(DBP) of patients, there was a highly significant 
difference between the research group (112-168) and 
the controls (78-114) (p<0.01). The gestational age at 
delivery was 36.04 in the research group and 38.97 
in the controls (p<0.01). In the comparative analysis 
of primiparous and multiparous women, the propor-
tion of primiparous women was 59.82%, 65.85%, 
and 56.34% in the research, EOPE, and LOPE 
groups, respectively, and 21.43% in the controls. 
The difference between the research group and the 
controls was statistically significant (p<0.01).

Clinical Data in the Research Group and 
Controls 

Serum-free triiodothyronine (FT3), gestational 
age at delivery, high-density lipoprotein cholesterol 

(HDL-C), hemoglobin (HGB), albumin, and pla-
telet (PLT) count in the research group were 
lower than those in the controls (p<0.05). Logistic 
regression analysis suggested that body mass in-
dex (BMI), triglyceride/high-density lipoprotein 
cholesterol (TG/HDL-C), fasting blood glucose 
(FBG), thyroid stimulating hormone (TSH), free 
thyroxine (FT4), and FT3 were independent fac-
tors associated with preeclampsia (PE) (Figure 2).

Clinical Data in the EOPE Group and 
Controls

TG/HDL-C, FBG, TSH, FT4, TG, systolic 
blood pressure (SBP), diastolic blood pressu-
re (DBP), aspartate aminotransferase (AST), 
alanine aminotransferase (ALT), blood urea 
nitrogen (BUN), and serum creatinine (SCR) 
were higher in the EOPE group than in the con-
trols (p<0.05). FT3, gestational age at delivery, 
HGB, albumin, and PLT count in the EOPE 
group were significantly lower than those in the 
controls (p<0.05) (Figure 3).

Clinical Data in the LOPE Group and 
Controls

TG/HDL-C, FBG, TSH, FT4, TG, SBP, DBP, 
AST, ALT, BUN, and SCR were higher in the 
LOPE group than in the controls (p<0.05). FT3, 
HGB, albumin, PLT, and HDL-C in the LOPE 
group were lower than those in the controls 
(p<0.05) (Figure 4).

Discussion

PE BMI, Lipid Parameters, and PE
The prenatal BMI of pregnant women is clo-

sely related to the incidence of PE and is the 
main risk cause of pregnancy-induced hyperten-
sion. Some researchers33,34 believe that the risk 
of PE doubles for every 5-7 kg/m2 increase in 
prenatal BMI of pregnant women. Overweight 
pregnancy is often accompanied by metabolic 
disorders, increased blood lipid levels, insulin 
resistance, and other human metabolic disor-
ders, which can induce chronic complications 
such as chronic diabetes and hypertension, and 
the above chronic complications also increase 
the risk of PE in obese women.

Dyslipidemia is also a high-risk factor for the de-
velopment of PE, and Japanese studies suggest that 
TG/HDL-C levels may increase the likelihood of 
LOPE, but there is no significant association with 
EOPE35,36. In previous animal experiments37,38, the 
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newly discovered TG/HDL-C values may incre-
ase the incidence of LOPE by more than 34.2%, 
which is consistent with the conclusions of this 
experiment, and EOPE and LOPE may also have 
different pathogenic factors, which are subse-
quently worthy of in-depth study in all aspects.

TSH, FT4, FT3 and PE
Thyroid hormone is an important hormone in 

the human body, which can play a role in almost 
all cells in the human body. When thyroid fun-
ction decreases, the kidney will also be damaged, 
which leads to glomerular structural changes, 

Figure 2. Comparison of clinical data between research group and control group. A, is the comparison of FT3 and FT4 levels 
between the research group and the control group; (B) is the comparison of TC, TG, HDL-C, LDL-C, BUN, and FBG levels 
between the research group and the control group; (C) is the comparison of HGB and Albumin levels between the research 
group and the control group; (D) is the comparison of AST, ALT, and PLT levels between the research group and the control 
group, and (E) is the comparison of SCR and TSH levels between the research group and the control group. *means that the 
difference is statistically significant compared with the control group (p<0.05); **means that the difference is statistically 
significant compared with the control group (p<0.01).
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and reduced renal blood flow, resulting in increa-
sed glomerular filtration membrane permeability, 
significantly reduced protein, and increased hu-
man blood pressure. TSH and FT4 are the most 
sensitive indicators for determining thyroid hor-
mone levels. FT3 levels in the fresh serum of pre-

gnant women were significantly lower than those 
of normal women of childbearing age39,40. Studies 
have shown41-43 that decreased thyroid function 
is associated with the development of PE. For 
pregnant women with decreased thyroid nodule 
function or subclinical thyroid nodule function, 

Figure 3. Comparison of clinical data between EOPE group and control group. A, is the comparison of TC, TG, HDL-C, 
LDL-C, BUN, and FBG levels between the EOPE group and the control group; (B) is the comparison of HGB and Albumin 
levels between the EOPE group and the control group; (C) is the comparison of AST, ALT, and PLT levels between the 
EOPE group and the control group; (D) is the comparison of SCR and TSH levels between the EOPE group and the control 
group; (E) is the comparison of FT3 and FT4 levels between the EOPE group and the control group. *represents a significant 
statistical difference as compared with the control group (p<0.05); **represents a very significant difference compared with 
the control group (p<0.01).
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elevated TSH levels can lead to endothelial cell 
function damage and weakened capillary relaxa-
tion, which may lead to the occurrence of hyper-
tension. Abnormal changes in TSH and FT4 also 

reduce their effects on the cardiovascular system, 
resulting in increased capillary resistance. Ab-
normal secretion of TSH and FT4 also reduces the 
number of dilators in many renal capillaries and 

Figure 4. Comparison of clinical data between LOPE group and control group. A, is the comparison of TC, TG, HDL-C, 
LDL-C, BUN, and FBG levels between the LOPE group and the control group; (B) is the comparison of HGB and Albumin 
levels between the LOPE group and the control group; (C) is the comparison of AST, ALT, and PLT levels between the 
LOPE group and the control group; (D) is the comparison of SCR and TSH levels between the LOPE group and the control 
group; (E) is the comparison of FT3 and FT4 levels between the LOPE group and the control group. *indicates a significant 
statistical difference as compared with the control group (p<0.05); **represents a very significant difference compared with 
the control group (p<0.01).
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significantly increases blood pressure, thereby 
increasing the risk of hypertension44. Data have 
shown45 that the incidence of PE in pregnancies 
with thyroid dysfunction without intervention 
is greatly increased compared with pregnancies 
intervened by medical diagnosis. Hypothyroidi-
sm in pregnancy can increase the incidence of 
hypertensive disorders of pregnancy, PE, and 
eclampsia to 22%, 15%, and 7.6%, respectively, 
while for patients with hypothyroidism due to 
gestational hypertension, after gestational hyper-
tension is cured, the condition of thyroid nodules 
will also be improved to a certain extent compa-
red with those who are not cured, thus further 
indicating that there is a close relationship and 
impact between the two46. 

The levels of TSH and FT4 in the research 
group exceeded those in the controls, but the level 
of FT3 was not as good as that in the controls, 
and this difference had some statistical value and 
was the same as the previously reported experi-
mental results. The main cause of this condition 
is that because all T4 in the patient’s serum is 
produced by the surrounding thyroid tissue, only 
about 15% of T3 is produced by the surrounding 
thyroid tissue, and the rest is obtained by T4 
conversion in the surrounding brain tissue. In 
liver and kidney damage in patients with PE, the 
function of the surrounding tissue cells appears 
abnormal, thus affecting the transformation pro-
cess from T4 to T3 in their brain tissue, so that 
the T3 level decreases, and then the FT3 level 
decreases. Some researchers47,48 believe that the 
FT3 decrease occurs in patients with PE, and the 
main cause in the controls may be related to the 
massive loss of urinary protein.

Blood Glucose and PE
Elevated blood glucose levels are also a major 

independent risk factor for the development of PE. 
Numerous studies49,50 have shown that pregnant 
women with hyperglycemia during pregnancy or 
pregnant women with diabetes are more likely 
to develop hypertension compared with ordinary 
pregnant women. Patients with abnormal blood 
glucose metabolism are mostly overweight and 
obese patients, who have relatively higher high-fat 
levels and decreased HDL-C content in serum, so 
the risk of coronary atherosclerosis is increased; 
in contrast, patients with high blood glucose 
levels have higher blood viscosity. It can affect 
the capillary wall, thereby hypertrophic prolife-
ration of the capillary wall, greatly increasing the 
resistance of the capillary lumen, and gradually 

increasing the patient’s blood pressure. Through 
the detection of the brachial artery in Gestational 
diabetes mellitus (GDM), normal pregnancy, and 
abnormal glucose tolerance pregnancy, the resul-
ts showed that arterial endothelial cells in abnor-
mal glucose metabolism pregnancy were more 
likely to cause injury, and the degree of injury 
was positively correlated with the blood glucose 
level of patients. Thyroid hormones also affect 
the body’s glucose metabolism. Because thyroid 
hormones act bidirectionally on insulin, which 
lowers the body’s blood glucose concentration, 
the interaction of the two controls the appearance 
and progression of PE51,52. 

In summary, ABCA1 affects apoM mRNA 
expression but is not involved in the effector 
process of LXR in reducing apoM mRNA le-
vels, and the mechanism by which LXR reduces 
apoM needs to be further explored. Environ-
mental factors such as hypothyroidism, abnor-
mal glucose regulation, and prenatal BMI are 
also non-negligible risk factors for PE. 

Limitations
However, there are some limitations. Because 

of the influence of region and ethnicity on the 
study subjects, this conclusion may not apply 
to people from other regions or other ethnic 
groups. Changes in amino acids in the proteins 
encoded by the above loci were not investigated, 
only one single nucleotide polymorphism (SNP) 
locus in two genes was selected, and possible 
effects of other loci in this gene on this locus 
were not considered. Therefore, further studies 
on the pathogenesis of PE need to include more 
investigated samples, more genetic loci, and the 
effect of genetic changes on proteins, to draw 
more accurate conclusions and thus better guide 
clinical diagnosis and treatment. 

Conclusions

ABCA1 affected apoM mRNA expression 
but did not participate in the effective process 
of LXR in reducing apoM mRNA levels; G/
HDL-C may increase the risk of LOPE but was 
not significantly associated with EOPE. TSH 
and FT4 levels were higher, while FT3 was 
lower in the research group than in the controls; 
overweight or obesity, abnormal blood glucose 
regulation, and hypothyroidism were found to 
be independent risk factors closely related to the 
pathogenesis of PE and its subgroups.
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