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Summary 

Background: To investigate the effect and correlation of
serum SIRT1 combined with uterine hemodynamic parame-
ters on disease severity and fetal uterine growth restriction in
the progression of preeclampsia, and to evaluate its clinical
value as potential markers.
Methods: A total of 100 patients with preeclampsia who
were hospitalized in Qufu Normal University Hospital from
June 2017 to June 2021 were selected as the research
objects. According to the severity, they were divided into Mild
group (62 cases) and Severe group (38 cases), and accord-
ing to whether the fetal growth restriction was combined or
not, they were divided into the Combined fetal growth
restriction group (56 cases) and the Uncomplicated fetal
growth restriction group (44 cases). Serum SIRT1 levels and
uterine artery hemodynamic parameters were detected, and
spearman analysis was used to evaluate the association of
serum SIRT1 levels and uterine artery hemodynamic param-
eters (peak-to-trough ratio of arterial blood velocity, pulsatility
index, resistance index) with disease severity (systolic blood
pressure, diastolic blood pressure, and random urinary pro-
tein levels) and fetal growth restriction (femoral length,
biparietal diameter, head circumference and neonatal
weight); unsupervised PCA analysis, supervised PLS-DA
analysis, Cluster heat map analysis, ROC curve and AUC
analysis were used to evaluate the diagnostic value of serum
SIRT1 levels combined with uterine artery hemodynamic
parameters in the severity of disease and fetal growth restric-
tion in patients with preeclampsia.

Kratak sadr`aj

Uvod: Cilj je bio da se ispita efekat i korelacija serumskog
SIRT1 u kombinaciji sa hemodinamskim parametrima
materice na te`inu bolesti i restrikciju fetalnog rasta materice
u progresiji preeklampsije, i da se proceni njihova klini~ka
vrednost kao potencijalnih markera.
Metode: Kao objekti istra`ivanja odabrano je ukupno 100
pacijenata sa preeklampsijom koji su bili hospitalizovani u
Univerzitetskoj bolnici Kufu Normal od juna 2017. do juna
2021. godine. Po te`ini su podeljeni u blagu grupu (62
slu~aja) i te{ku grupu (38 slu~ajeva), a prema tome da li je
ograni~enje rasta fetusa kombinovano ili ne, podeljeni su u
grupu kombinovanog ograni~enja rasta fetusa (56 slu~ajeva)
i grupa za ograni~enje rasta fetusa bez komplikacija (44
slu~aja). Detektovani su nivoi SIRT1 u serumu i hemodinam-
ski parametri uteralne arterije, a Spirmanova analiza je
kori{}ena za procenu povezanosti nivoa SIRT1 u serumu i
hemodinamskih parametara uteralne arterije (odnos vrha do
najni`e vrednosti brzine arterijske krvi, indeksa pulsiranja,
indeksa otpornosti) sa ozbiljno{}u bolesti (sistolni krvni priti-
sak, dijastolni krvni pritisak i nasumi~ni nivoi proteina u
urinu) i ograni~enje rasta femura (du`ina femura, biparietalni
pre~nik, obim glave i neonatalna te`ina). Nenadzirana PCA
analiza, nadgledana PLS-DA analiza, analiza klaster toplotne
mape, ROC kriva i AUC analiza kori{}ene su za procenu
dijagnosti~ke vrednosti nivoa SIRT1 u serumu u kombinaciji
sa hemodinamskim parametrima uteralne arterije u te`ini
bolesti i ograni~enju rasta fetusa kod pacijenata sa
preeklampsijom.
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Introduction 

Preeclampsia (PE) refers to an idiopathic disease
after 20 weeks of gestation, which occurs in a multi-
stage and multi-step process, with clinical phenotypes
such as increased blood pressure, abdominal pain,
headache, nausea, and other symptoms (1, 2).
Symptoms such as renal failure, liver failure and car-
diac arrest can be complicated, and in severe cases,
the safety of the mother and baby can be endangered
(1, 2). In recent years, the incidence of preeclampsia
has gradually increased. According to relevant data,
the incidence of preeclampsia can reach 7% (1). Fetal
growth restriction (FGR) is mainly due to the low inva-
sive ability of trophoblast cells and poor remodeling of
the uterine spiral artery, which leads to placental
ischemia and hypoxia, which affects fetal develop-
ment (1, 2). Preeclampsia combined with FGR is rel-
atively common, the onset of gestational age is gen-
erally earlier, the functional development of fetal
organs is immature, and the incidence of adverse
pregnancy outcomes is high (1, 2). The family brings
great adverse effects, so the diagnosis and treatment
of patients with preeclampsia complicated by fetal
growth restriction has always been the focus of clini-
cal attention.

Sirtuins are a class of nicotinamide adenine din-
ucleotide (NAD+)-dependent sirtuins (1). Under

physiological conditions, Sirtuins regulate the genera-
tion of reactive oxygen species by regulating the acy-
lation/deacylation process of antioxidant enzymes
such as SOD1 and SOD2 (1, 2). It can also regulate
the activity of key metabolic enzymes such as mito-
chondrial respiratory chain complexes and the activa-
tion and transplantation of signaling pathways such as
NF-kB and AKT through the same mechanism, there-
by regulating the production of adenosine triphos-
phate and inflammatory factors, thereby participating
in intracellular important physiological processes such
as gene transcription, energy metabolism, and antiox-
idant defense are important for maintaining the sta-
bility of the intracellular environment and normal
pregnancy (1). When the levels of Sirtuins is down-
regulated, their protective effect is also weakened,
which can induce abnormalities such as maintenance
stress, excessive inflammatory response, and energy
metabolism disorders, leading to the occurrence of
pathological pregnancy such as preeclampsia, GDM,
and ICP (1). In addition to being closely associated
with the above-mentioned pathological pregnancies
such as spontaneous preterm birth, preeclampsia,
GDM, ICP, and fetal growth restriction, the Sirtuins
family is also altered in other pathological pregnan-
cies such as pregnancy depression and hyperemesis
gravidarum. Among them, the sirtuin regulator 1-
related enzyme (SIRT1) has been shown to play an

Results: Serum SIRT1 levels was decreased in patients with
severe preeclampsia (p < 0.0001), arterial blood flow veloc-
ity peak-to-trough ratio, pulsatility index and resistance index
were increased (p < 0.001; p < 0.0001), and serum SIRT1
levels and uterine artery hemodynamic parameters were
closely related to disease severity (p < 0.001; p < 0.0001).
In addition, the levels of serum SIRT1 in patients with
preeclampsia combined with fetal growth restriction was
decreased (p < 0.0001), the peak-to-trough ratio of arterial
blood flow velocity, pulsatility index and resistance index were
increased (p < 0.0001), and serum SIRT1 levels and uterine
artery hemodynamics were closely related to fetal growth
restriction (p < 0.0001). Unsupervised PCA analysis and
supervised PLS-DA analysis showed that patients with differ-
ent severity of disease and patients with or without fetal
growth restriction were similar within groups, and there were
significant differences between groups; cluster heat map
analysis showed that mild and severe groups were stratified
clustering, the combined fetal growth restriction group and
the uncombined group were hierarchically clustered; ROC
curve and AUC analysis showed that serum SIRT1 levels
combined with uterine artery hemodynamic parameters had
a significant effect on the severity of preeclampsia and
whether combined with fetal growth restriction high diagnos-
tic value.
Conclusions: Serum SIRT1 combined with uterine hemody-
namic parameters in preeclampsia is closely related to dis-
ease severity and fetal growth restriction, and is expected to
become potential biomarkers for early clinical intervention in
patients.

Keywords: preeclampsia, serum SIRT1, uterine hemody-
namics, disease severity, fetal growth restriction

Rezultati: Nivoi SIRT1 u serumu su smanjeni kod pacijenata
sa te{kom preeklampsijom (p < 0,0001), odnos brzine pro-
toka arterijske krvi do najni`e vrednosti, indeks pulsacije i
indeks otpornosti su pove}ani (p < 0,001; p < 0,0001), a
nivoi SIRT1 u serumu i materice hemodinamski parametri
arterije bili su usko povezani sa te`inom bolesti (p < 0,001;
p < 0,0001). Pored toga, nivoi serumskog SIRT1 kod paci-
jenata sa preeklampsijom u kombinaciji sa ograni~enjem
rasta fetusa su smanjeni (p < 0,0001), pove}an je odnos
pik-na-ni`e brzine arterijskog krvotoka, indeks pulsacije i
indeks otpornosti (p < 0,0001) , a nivoi SIRT1 u serumu i
hemodinamika uteralne arterije bili su usko povezani sa
ograni~enjem rasta fetusa (p < 0,0001). Nenadzirana PCA
analiza i nadgledana PLS-DA analiza su pokazale da su paci-
jenti sa razli~itom te`inom bolesti i pacijenti sa ili bez
ograni~enja fetalnog rasta bili sli~ni unutar grupa, i da su
postojale zna~ajne razlike izme|u grupa. Analiza klaster
toplotne mape je pokazala da su blage i te{ke grupe bile
stratifikovane u grupisanje, kombinovana grupa za
ograni~enje fetalnog rasta i nekombinovana grupa su hijer-
arhijski grupisane; ROC kriva i AUC analiza su pokazale da
nivoi SIRT1 u serumu u kombinaciji sa hemodinamskim
parametrima uteralne arterije imaju zna~ajan uticaj na te`inu
preeklampsije i da li su kombinovani sa ograni~enjem rasta
fetusa visoku dijagnosti~ku vrednost.
Zaklju~ak: Serum SIRT1 u kombinaciji sa hemodinamskim
parametrima materice kod preeklampsije je usko povezan sa
te`inom bolesti i ograni~enjem rasta fetusa, i o~ekuje se da
}e postati potencijalni biomarkeri za ranu klini~ku intervenci-
ju kod pacijenata.

Klju~ne re~i: preeklampsija, serum SIRT1, hemodinami-
ka materice, ozbiljnost bolesti, ograni~enje rasta fetusa
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important role in various pathophysiological process-
es (1–3). In addition, during pregnancy, the uterine
artery will undergo some physiological changes. After
pregnancy, the blood vessels will gradually straighten
and thicken, and the blood flow rate will increase,
showing a state of low resistance and high flow (1).
The kinetic parameters will decrease accordingly.
Studies have shown that uterine artery hemodynamic
parameters in patients with preeclampsia are signifi-
cantly higher than those in normal pregnant women
(1). Ultrasound technology enables non-invasive and
real-time assessment of hemodynamic parameters in
vital organs of pregnant women and fetuses (1).
However, to date, the roles of serum SIRT1 and uter-
ine hemodynamics in the progression of preeclamp-
sia are not fully understood. The aim of this study was
to discover the effect and correlation of serum SIRT1
combined with uterine hemodynamic parameters on
disease severity and fetal uterine growth restriction in
the progression of preeclampsia, and to evaluate its
clinical value as a potential marker.

Materials and Methods

General information

A total of 100 patients with preeclampsia who
were hospitalized in Qufu Normal University Hospital
from June 2017 to June 2021 and underwent
cesarean section on alternative days were selected.
The clinical data of all subjects were collected, includ-
ing age, body mass index, gestational age, number of
gestations, number of deliveries, systolic blood pres-
sure, diastolic blood pressure, and random urine pro-
tein detection. This study complied with the
Declaration of Helsinki and the relevant regulations of
clinical trial research in China. All subjects signed an
informed consent form or authorized their family
members to sign before enrollment. The study was
approved by the ethics committee of the Qufu
Normal University Hospital, and all sample collection
met the requirements of quality management stan-
dards for clinical trial research.

Inclusion and exclusion criteria

Inclusion criteria: (1) Meet the diagnostic criteria
for preeclampsia in »Guidelines for the Diagnosis and
Treatment of Hypertensive Disorders in Pregnancy
(2020)«; (2) Patients and their families choose to
undergo cesarean delivery; (3) All patients are single-
tons; (4) Age 24–40 years old; (5) Pregnancy times 
3 times. Exclusion criteria: (1) those conceived by
assisted reproductive technology; (2) those with
hypertension before pregnancy; (3) severe kidney dis-
ease, chronic hypertension, autoimmune disease,
liver disease; (4) gestational diabetes, placental
abruption and other obstetric complications.

Grading criteria for preeclampsia

The patients with preeclampsia were divided
into mild group and severe group according to the
severity of the disease. Professional doctors measured
three consecutive measurements by electronic blood
pressure, with systolic blood pressure (SBP) and dias-
tolic blood pressure (DBP) defined as the average of
the three measurements. Mild: systolic blood pres-
sure greater than or equal to 140 mmHg, and/or
diastolic blood pressure greater than or equal to 90
mmHg after 20 weeks of pregnancy; proteinuria
greater than or equal to 0.3 g/24h, or random urine
protein (+). Severe (if any of the following symptoms
is present): pregnant women’s blood pressure contin-
ues to rise, systolic blood pressure is greater than or
equal to 160mmHg, and (or) diastolic blood pressure
is greater than or equal to 100 mmHg; proteinuria is
greater than or equal to 5 g/24h, or random urine
protein (+++); elevated levels of liver enzymes ala-
nine aminotransferase or aspartate aminotransferase,
abnormal liver function; urine output less than 17
mL/h, or urine output less than 400 mL/24h, or
serum creatinine greater than 106μmol/L, abnormal
renal function; anemia, intravascular hemolysis, jaun-
dice, or platelets less than 1011/L; persistent upper
abdominal pain, subcapsular hematoma, or liver rup-
ture; persistent headache, visual disturbance, or other
symptoms of cranial nerve injury; oligohydramnios,
embryonic growth limited.

Evaluation of fetal growth restriction

According to the criteria of »Expert Consensus
on Fetal Growth Restriction (2019 Edition)«, patients
with preeclampsia were divided into combined fetal
growth restriction and non-fetal growth restriction.
Four-dimensional color Doppler ultrasound was per-
formed on pregnant women to record the femoral
length, biparietal diameter and head circumference
of the fetus; after the fetus was born, the neonatal
weight was recorded, and the birth weight of the fetus
was less than 2 standard deviations of the average
weight for gestational age or less than the 10th per-
centile of normal weight for the same age.

Observation indicators and methods

Serum sample collection

Blood samples were collected within 24 hours of
patient admission. A vacuum blood collection tube
was used to collect 2 mL of cubital venous blood from
the subjects, and the upper serum was collected by
centrifugation. Set standards, samples to be tested
and blank wells, refer to the steps in the kit instruc-
tions, and use the SIRT1 ELISA (EH427RB, 96 tests,
Thermo Fisher Scientific Inc.) detection kit. The
absorbance was detected by a microplate reader, and
the standard curve was calculated from the



absorbance of the standard to obtain the concentra-
tion of SIRT1 in serum samples.

Measurement of uterine artery hemodynamic
parameters

Pregnant women were kept in the supine or lat-
eral position, breathing calmly, and GE Voluson E8
three-dimensional color Doppler ultrasound system
(GE, USA) was used to explore the fetal structure, pla-
centa and amniotic fluid. The ultrasound probe was
placed in the groin, CDFI was started, the sampling
frame was placed above the intersection of the uter-
ine artery and the external iliac artery, and 1 cm away
from the external iliac artery, the sampling volume
was 2 mm, and the angle between the sampling line
and the blood flow direction was <60°. Uterine artery
blood flow parameters were measured, including
arterial systolic peak flow velocity (S) and diastolic
flow velocity (D). Time-averaged peak flow velocity
(TAPV) was the time-averaged peak blood flow veloc-
ity in a cardiac cycle. Calculate the pulsatility index
(PI) = (S-D)/TAPV; calculate the resistance index (RI)
= (S-D)/S; calculate the peak-to-valley ratio of blood
flow velocity = S/D.

Statistical analysis

SPSS 22.0 statistical software was used to ana-
lyze and process the data, and GraphPad 8.0 soft-
ware was used for drawing. Shapiro Wilk test was
used to determine the normality of continuous vari-
ables. Statistical differences between the groups
were assessed using Student T test or the Mann–
Whitney U test for continuous variables. Correlation
analyses were performed using Spearman’s test.
Predictive validity of SIRT1 levels combined with uter-
ine artery hemodynamic parameters for the severity
of disease and fetal growth restriction in patients with
preeclampsia was assessed using unsupervised PCA
analysis, supervised PLS-DA analysis, Cluster heat
map analysis, receiver operator curves (ROC) and
corresponding results for the area under the curve
(AUC).. p <0.05 was considered statistically sig -
nificant.

Results

Comparison of clinical data

The 100 patients with preeclampsia were grad-
ed according to the severity. There were 62 patients
with mild preeclampsia and 38 patients with severe
preeclampsia. The levels of systolic blood pressure
(168.55±5.08) mmHg, diastolic blood pressure
(118.13±9.73) mmHg and random protein
(168.55±5.08) g/24h in the severe preeclampsia
group were higher than those in the mild group (p <
0.0001) (Table I). There were no significant differ-
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Table I Comparison of clinical data of patients with
preeclampsia grouped by severity.

Table II Comparison of clinical data of preeclampsia
patients grouped according to whether they were combined
with fetal growth restriction.

Mild Group
n=62

Severe Group
n=38 P-value

Age (year) 31.53±4.80 32.68±4.54 0.2376

BMI kg/m2 25.01±0.87 25.09±0.82 0.6211

Gestational Age
(week) 39.34±0.87 39.34±1.02 0.9859

Number of
Gestations (time) 1.74±0.77 1.92±0.82 0.2717

Number of
Deliveries (time) 1.53±0.67 1.68±0.70 0.2825

Systolic Blood
Pressure (mmHg) 149.32±5.84 168.55±5.08 <0.0001

Diastolic Blood
Pressure (mmHg) 94.56±2.51 118.13±9.73 <0.0001

Random Urine
Protein Detection
(g/24h)

2.74±1.01 6.39±0.91 <0.0001

Combined
FGR Group

n=56

Uncomplicated
FGR Group

n=44
P-value

Age (year) 31.39±4.56 32.70±4.85 0.1685

BMI (kg/m2) 25.01±0.94 25.08±0.71 0.6881

Gestational 
Age (week) 39.36±1.00 39.32±0.83 0.8354

Number of 
Gestations (time) 1.88±0.81 1.73±0.76 0.3544

Number of 
Deliveries (time) 1.55±0.66 1.64±0.72 0.5501

Femoral length
(cm) 6.63±0.30 7.41±0.35 0.0001

Biparietal 
Diameter (cm) 8.51±0.24 9.16±0.38 0.0001

Head 
Circumference
(cm)

29.21±1.16 31.94±1.50 0.0001

Neonatal Weight
(kg) 2.55±0.12 2.82±0.09 0.0001
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ences in age, body weight, gestational age, number
of pregnancies and number of deliveries between the
two groups (Table I).

In addition, according to whether the 100
patients with preeclampsia were complicated with
fetal growth restriction, there were 56 cases with fetal
growth restriction and 44 cases without fetal growth
restriction. Femoral length, biparietal diameter, head
circumference and neonatal weight in the combined
fetal growth restriction group were lower than those
in the uncomplicated fetal growth restriction group (p
< 0.0001) (Table II). There were no significant differ-
ences in age, body weight, gestational age, number
of pregnancies and number of deliveries between the
two groups (Table II).

Comparison of serum SIRT1 levels and uterine
artery hemodynamics

We detected serum SIRT1 levels in all patients.
The results showed that the levels of serum SIRT1 in

patients with severe preeclampsia decreased, com-
pared with the mild group (p < 0.0001) (Figure 1A);
the peak-to-trough ratio of blood flow velocity, pul-
satility index and resistance index were all increased
in patients with severe preeclampsia, compared with
the mild group (p < 0.001; p < 0.0001) (Figure 1B-
D). In addition, the levels of serum SIRT1 was
decreased in patients with preeclampsia combined
with fetal growth restriction, compared with the com-
bined group (p < 0.0001) (Figure 2A); the peak-to-
trough ratio of arterial blood flow velocity, pulsatility
index and resistance index were all increased in
patients with preeclampsia combined with fetal
growth restriction, compared with the uncombined
group (p < 0.0001) (Figure 2B-D). These results sug-
gest that serum SIRT1 levels and uterine artery
hemodynamic parameters may be closely related to
the severity of preeclampsia and the presence of fetal
growth restriction.

Figure 1 Serum SIRT1 levels and uterine artery hemodynamic parameters in patients with different severities of preeclampsia.
(A) Serum SIRT1 levels; (B) Peak-to-trough ratio of blood flow velocity; (C) Levels of pulsatility index; (D) Levels of resistance index.
***p<0.001; ****p<0.0001.



Correlation analysis of serum SIRT1 levels and
uterine artery hemodynamics with disease severity

To examine the relationship between serum
SIRT1 levels and uterine artery hemodynamics and
disease severity, spearman correlation analysis was
further performed, and the results showed that serum
SIRT1 levels was negatively correlated with systolic
blood pressure, diastolic blood pressure, and random
urinary protein levels (p 0.001; p 0.01) (Figure 3);
arterial blood flow velocity peak-to-trough ratio, pul-
satility index, resistance index were positively correlat-
ed with systolic blood pressure, diastolic blood pres-

sure, and random urinary protein levels (p < 0.001;
p < 0.01) (Figure 3). These results suggest that
serum SIRT1 levels and uterine artery hemodynamics
are closely related to the severity of preeclampsia.

Correlation analysis of serum SIRT1 levels and
uterine artery hemodynamics with fetal growth
restriction

To examine the relationship between serum
SIRT1 levels and uterine artery hemodynamics and
fetal growth restriction, spearman correlation analysis
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Figure 2 Whether serum SIRT1 levels and uterine artery hemodynamic parameters are combined with the levels in patients with
or without fetal growth restriction and preeclampsia. (A) Serum SIRT1 levels; (B) Peak-to-trough ratio of blood flow velocity; (C)
Levels of pulsatility index; (D) Levels of resistance index. ****p<0.0001.



was further performed, and the results showed that
serum SIRT1 levels was positively correlated with
femoral length, biparietal diameter, head circumference
and neonatal weight relationship (p < 0.001) (Figure
4); arterial blood flow velocity peak-to-trough ratio, pul-
satility index, resistance index were negatively correlat-
ed with femoral length, biparietal diameter, head cir-
cumference, and neonatal weight (p < 0.001) (Figure
4). These results suggest that serum SIRT1 levels and
uterine artery hemodynamics are closely related to
preeclampsia complicated by fetal growth restriction.

The diagnostic value of serum SIRT1 levels com-
bined with uterine artery hemodynamics in pre-
dicting disease severity

Unsupervised PCA analysis of the severity of
preeclampsia with serum SIRT1 levels combined with
uterine arterial hemodynamics showed that groups of
different severity tended to be clustered and tended
to be discrete (Figure 5A). The PLS-DA analysis also
showed that the mild group and the severe group
were significantly separated in the PC1 dimension,
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Figure 3 Correlation analysis of serum SIRT1 levels and uterine artery hemodynamics with the severity of preeclampsia.
**p<0.01; ***p<0.001.



suggesting that the patients with different severity of
preeclampsia were similar within the group and sig-
nificantly different between the groups (Figure 5B).
The heat map of cluster analysis showed that the mild
group and the severe group were hierarchically clus-
tered, suggesting that serum SIRT1 levels combined
with uterine artery hemodynamic parameters could
discriminate disease severity in patients with
preeclampsia (Figure 5C).

The diagnostic value of serum SIRT1 levels
combined with uterine artery hemodynamic parame-

ters in the diagnosis of disease severity in patients
with preeclampsia was analyzed by ROC curve and
AUC. The results showed that the AUC value of
serum SIRT1 levels combined with uterine artery
hemodynamic parameters (AUC=0.776) was higher
than that of serum SIRT1 levels (AUC=0.750) and
uterine artery hemodynamic flow velocity peak-to-
trough ratio (AUC=0.704). (Figure 6), suggesting
that serum SIRT1 levels combined with uterine artery
hemodynamic parameters has a high diagnostic value
for the severity of preeclampsia.
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Figure 4 Correlation analysis of serum SIRT1 levels and uterine artery hemodynamics with preeclampsia complicated with fetal
growth restriction. ***p<0.001.



The diagnostic value of serum SIRT1 levels com-
bined with uterine artery hemodynamics in pre-
dicting fetal growth restriction

Unsupervised PCA analysis of fetal growth
restriction in preeclampsia with serum SIRT1 levels
combined with uterine artery hemodynamics showed
that the groups tended to be clustered and tended to

be discrete (Figure 7A); The PLS-DA analysis also
showed that the group with fetal growth restriction
and the uncombined group were significantly separat-
ed in the PC1 dimension, suggesting that the
preeclampsia patients with or without fetal growth
restriction were similar within the group, and the dif-
ference between the groups was significant (Figure
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Figure 5 Discriminant analysis of serum SIRT1 levels combined with uterine artery hemodynamic parameters on the severity of
preeclampsia. (A) PCA analysis of serum SIRT1 levels combined with uterine artery hemodynamic parameters in patients with dif-
ferent severity of preeclampsia; (B) PLS-DA analysis of serum SIRT1 levels combined with uterine artery hemodynamic parameters
in patients with different severity of preeclampsia; (C) Between-group clustering heat map of serum SIRT1 levels combined with
uterine artery hemodynamic parameters in patients with different severity of preeclampsia.



7B). Cluster analysis heat map showed that the com-
bined and uncombined groups were hierarchically
clustered, suggesting that serum SIRT1 levels com-
bined with uterine artery hemodynamic parameters
could differentiate fetal growth restriction in patients
with preeclampsia (Figure 7C).

The diagnostic value of serum SIRT1 levels
combined with uterine artery hemodynamic parame-
ters for fetal growth restriction in patients with
preeclampsia was analyzed by ROC curve and AUC.
The results showed that the AUC value of serum
SIRT1 levels combined with uterine artery hemody-
namic parameters (AUC=0.956) was higher than
that of serum SIRT1 levels (AUC=0.941) and uterine
artery hemodynamic flow velocity peak-to-trough
ratio (AUC=0.910). (Figure 8), suggesting that
serum SIRT1 levels combined with uterine artery
hemodynamic parameters has a high diagnostic value
for fetal growth restriction in preeclampsia.
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Figure 7 Discriminant analysis of serum SIRT1 levels combined with uterine artery hemodynamic parameters in preeclampsia
complicated with fetal growth restriction. (A) PCA analysis of serum SIRT1 levels combined with uterine artery hemodynamic
parameters; (B) PLS-DA analysis of serum SIRT1 levels combined with uterine artery hemodynamic parameters; (C) Between-
group clustering heat map of serum SIRT1 levels combined with uterine artery hemodynamic parameters.

Figure 6 The diagnostic value of serum SIRT1 levels com-
bined with uterine artery hemodynamic parameters for dis-
ease severity in patients with preeclampsia.



Discussion

In early pregnancy, trophoblasts invade the uter-
ine spiral artery, remodel the uterine spiral artery,
ensure the placenta engineering, and provide nutri-
ents for the fetus (1). Preeclampsia pregnant women
have insufficient trophoblast invasion in early preg-
nancy, which leads to the disorder of uterine spiral
artery remodeling and abnormal placenta formation,
which lays a hidden danger for the occurrence and
development of preeclampsia; the placental blood
perfusion is insufficient, and placental ischemia and
hypoxia will release cells Toxic substances enter the
blood, further causing oxidative stress and vascular
endothelial injury (1). When the condition worsens,
the uterine spiral artery rapidly atheroscleres, and the
placental perfusion is further reduced and induces
thrombosis and placental infarction. The severity of
preeclampsia is associated with maternal and neona-
tal morbidity and thus mortality. Untreated, pre -
eclampsia may have serious complications, such as
eclampsia, liver rupture, stroke, pulmonary edema or
renal failure, which are all fatal complications and are
also associated with fetal prognosis, placental abrup-
tion, fetal growth increased risk of restriction, preterm
birth, and stillbirth. Whether spontaneous or iatro-
genic, neonates with preeclampsia may develop bron-
chopulmonary dysplasia and cerebral palsy. Pre -
eclampsia may reduce the quality of health of the
newborn and increase the risk of postpartum depres-
sion. In addition, preeclampsia and fetal growth
restriction share common pathophysiological fea-
tures, both of which are placental diseases (1).

Preeclampsia is also an independent risk factor for
fetal growth restriction, and fetal growth restriction is
a serious complication of preeclampsia (1). At pres-
ent, the pathogenesis of preeclampsia is still unclear,
and specific clinical indicators are still lacking to pre-
dict the severity of preeclampsia and fetal growth
restriction. Therefore, theoretically, if multiple dis-
ease-related biological indicators are combined, the
sensitivity and specificity of prediction can be
improved to a certain extent (1, 2). We explored the
clinical value of serum SIRT1 combined with uterine
hemodynamics in preeclampsia in predicting disease
severity and fetal growth restriction.

Trophoblast invasion is regulated by various
pathways and factors, among which SIRT1 is involved
in regulating various biological processes (1, 2).
Studies have found that SIRT1 can negatively regu-
late the nuclear factor kappa B (NF-kB) signaling
pathway involved in the inflammatory process by acti-
vating the extracellular regulated protease (ERK)
pathway, inhibiting the validation response of human
granulosa cells and oocytes, and exerting an anti-
apoptotic effect (1). Maternal SIRT1 deficiency
results in defective offspring embryo development
during mouse embryonic development (1).Our study
found that patients with severe preeclampsia
increased systolic blood pressure, diastolic blood
pressure and random protein levels, decreased serum
SIRT1 levels, and femoral length, biparietal diameter,
head circumference, and neonatal weight in patients
with preeclampsia complicated by fetal growth restric-
tion and serum SIRT1 levels decreased, suggesting
that serum SIRT1 levels may be closely related to the
severity of preeclampsia and whether combined with
fetal growth restriction. In a study, the activity and
expression of SIRT1 were significantly downregulated
in aortic endothelial cells and smooth muscle cells of
hypertensive model animals induced by Klotho hap-
loid deficiency (KL+/-) (31). We further conducted
spearman correlation analysis and found that serum
SIRT1 levels was negatively correlated with systolic
blood pressure, diastolic blood pressure and random
urine protein content, confirming that we previous
assumptions. Moreover, we observed a positive corre-
lation between SIRT1 levels and femur length, bipari-
etal diameter, head circumference and neonatal
weight.

In addition, ultrasound Doppler analysis can
detect evidence of impaired uterine artery blood flow
and placental perfusion before clinical manifestations
of preeclampsia appear, and has become an effective
method to predict adverse pregnancy outcomes such
as preeclampsia (1). Uterine artery blood flow can
reflect the hemodynamic status of the mother. Under
normal circumstances, in order to ensure the blood
supply of the uterus and placenta, the uterine artery
blood flow resistance will gradually decrease from the
beginning of pregnancy, but the spiral artery remod-
eling in patients with preeclampsia adversely, the
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Figure 8 The diagnostic value of serum SIRT1 levels com-
bined with uterine artery hemodynamic parameters in
patients with preeclampsia complicated by fetal growth
restriction.
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