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Relationship between serum NLRP3 along with its effector molecules and
pregnancy outcomes in women with hyperglycemia

Ning Han, Zili Yuan, Hongyang Zhao, Xinyuan Chang, Yingying Chen, Miao Zhang and Yizhan Wang

Department of Obstetrics and Gynecology, The Third Affiliated Hospital of Zhengzhou University, Zhengzhou, China

ABSTRACT

Objective: The study aims to investigate the levels of serum NLRP3 along with its effector
molecules (Caspase-1, IL-13, and IL-18) in the mid-pregnancy in pregnant women with
hyperglycemia, and explore the relationship between NLRP3, along with its effector molecules
(Caspase-1, IL-1B, and IL-18) and insulin resistance, as well as pregnancy outcomes.

Methods: The levels of serum NLRP3 along with its effector molecules (Caspase-1, IL-1B, and
IL-18) in three groups of pregnant women with gestational diabetes mellitus (GDM), pregestational
diabetes mellitus (PGDM) and normal glucose tolerance (NGT) were measured in mid-pregnancy,
and their relationship with insulin resistance and pregnancy outcomes was analyzed. The ROC
curve was also used to evaluate the predictive value of serum NLRP3 inflammasome and its
effector molecules for pregnancy outcomes.

Results: There were no statistical differences in the general clinical data of the three groups, and
the concentrations of serum NLRP3 along with its effector molecules were higher in the GDM and
PGDM groups than in the NGT group, and NLRP3 along with its effector molecules were positively
correlated with fasting blood glucose, fasting insulin, and insulin resistance index in both groups
(r>0, p<.05). The incidence of preterm delivery, hypertensive disorders of pregnancy, premature
rupture of membranes, neonatal hypoglycemia and macrosomia was significantly higher in both
groups than in the NGT group (p<.05). The value of the combined serum NLRP3 and its effector
molecules in mid-pregnancy to predict adverse pregnancy outcomes was highest, and the AUCs
for the combined prediction of late hypertensive disorders of pregnancy, premature rupture of
membranes, preterm delivery, neonatal hypoglycemia and macrosomia were 0.84 (95% Cl 0.79-
0.88, p<.001), 0.81 (95% Cl 0.75-0.85, p<.001), 0.76 (95% ClI 0.70-0.81, p<.001), 0.76 (95% ClI
0.70-0.81, p<.001) and 0.72 (95% Cl 0.63-0.81, p<.001), respectively.

Conclusions: Increased serum NLRP3 along with its effector molecules in pregnant women with
hyperglycemia are associated with the levels of insulin resistance and the subsequent development
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of adverse pregnancy outcomes.

Introduction

Hyperglycemia in pregnancy, including three different
types of glucose metabolism abnormalities: pregesta-
tional diabetes mellitus (PGDM), pre-diabetes mellitus
and gestational diabetes mellitus (GDM), can cause var-
ious maternal and infant complications and seriously
affect the health of mother and child [1]. GDM, espe-
cially PGDM, not only increases the adverse outcomes
of pregnancy and perinatal fetus, but also increases the
risk of long-term metabolic diseases such as diabetes
mellitus in pregnant women [2]. However, at present,
the pathogenesis of hyperglycemia during pregnancy

has not been fully clarified. The potential islet cell dys-
function and insulin resistance during pregnancy may
be its mechanism and elucidating the pathogenesis is
important to improve pregnancy outcomes.

Pyroptosis is a newly discovered inflammatory pro-
grammed cell death mode in recent years, which is
faster than apoptosis and widely involved in the occur-
rence of an inflammatory response [3]. The classical
pyroptosis pathway is to recognize danger signals
through nucleotide binding oligomerization domains
like receptor protein-3 (NLRP3), which further causes
the activation of cysteine aspartate specific protein-1
(Caspase-1) [4]. On the one hand, the activated
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Caspase-1 cleaves the downstream gasdermin D pro-
tein (GSDMD) and forms 1-2mm pores on the cell
membrane; on the other hand, it causes the matura-
tion and release of inflammatory factor precursors
such as Interleukin 1B (IL-1B) and Interleukin-18 (IL-18),
which further amplifies the cascade inflammatory
response [5,6]. Moderate pyroptosis can maintain the
homeostasis of the internal environment, but if it is
continuously over activated, it will lead to immune
imbalance and excessive inflammatory reactions, and
lead to the injury of tissues and organs and the occur-
rence of various diseases to a certain extent [7,8].

Previous studies have shown that maternal inflam-
mation and the combined action of multiple cytokines
play an important role in the imbalance of insulin
resistance [9,10]. There are few studies on the levels of
the serum NLRP3 inflammasome along with its effec-
tor molecules, Caspase-1, IL-13, and IL-18 and their
relationship with insulin resistance in pregnant women
with hyperglycemia. Therefore, the main purpose of
this study is to analyze the levels of serum NLRP3
along with its effector molecules, in PGDM pregnant
women, GDM pregnant women and NGT pregnant
women, and to explore the relationship between the
levels of serum NLRP3 along with its effector mole-
cules and insulin resistance and pregnancy outcomes.
It provides a new research direction for the mecha-
nism of hyperglycemia during pregnancy, which is of
great significance for predicting the occurrence of
adverse pregnancy outcomes.

Materials and methods
Study population

A total of 265 pregnant women with single pregnancy
who were periodically examined and delivered in the
Third Affiliated Hospital of Zhengzhou University from
June 2021 to June 2022 were randomly divided into the
normal glucose tolerance (NGT) group (123 cases), GDM
group (82 cases) and PGDM group (60 cases) randomly.
(1) Inclusion criteria: @Carry out perinatal health care in
our hospital system; @Blood glucose was normal
during early filing (11-13 * 6 weeks); @18years old<The
age of pregnant women < 35years old; @Singleton
pregnancy; No gestational hypertension, gestational thy-
roid disease or other gestational diseases; (5)The basic
and clinical data of pregnant women are complete;
@Able to cooperate with follow-up, high compliance.
(2) Exclusion criteria: @Suffering from hypertension and
thyroid disease before pregnancy; @Taking drugs that
affect blood glucose metabolism during pregnancy, such
as glucocorticoids; (3)Complicated with serious heart,

lung, liver, kidney, and other important organ diseases
or benign and malignant tumors; @Hepatitis B, Acquired
Immune Deficiency Syndrome (AIDS) and other blood
transmitted diseases and acute and chronic infectious
diseases in the near future; (5)Combined with autoim-
mune diseases, polycystic ovary syndrome, obese
patients, assisted reproductive technology pregnancy,
etc. (3) Diagnostic criteria: According to the guidelines
for diagnosis and treatment of hyperglycemia during
pregnancy [1], the blood glucose levels of fasting 75¢g
Oral Glucose Tolerance Test (OGTT), 1h and 2h after tak-
ing sugar at 24-28weeks of pregnancy were at 5.1, 10.0,
and 8.5mmol/L, respectively, and any one blood sugar
value reached or exceeded the corresponding boundary
values, which could be diagnosed as GDM. PGDM was
diagnosed as fasting plasma glucose >7.0mmol/L or
blood glucose = 11.1mmol/L 2h after taking sugar
among  pregnant women  with  undiagnosed
pre-pregnancy and whose blood glucose was found to
meet these criteria in mid-pregnancy (24-28weeks).

Pregnant women with diagnosed GDM and PGDM
were given medical nutrition treatment and exercise
guidance immediately, and blood glucose monitoring
education was carried out. Insulin was used in preg-
nant women who could not effectively control their
blood sugar through diet and exercise alone. Blood
glucose control standard during pregnancy [1]: The
fasting plasma glucose level is <53mmol/L, and
HbA1c<5.5% for GDM. The fasting blood glucose was
controlled at 3.3-5.6mmol/L, and HbA1c <6.0% for
PGDM. This study was approved by the ethics commit-
tee of our hospital (Ethics number: 2021-056-01),
obtained the patient’s informed consent and signed
the informed consent form.

Specimen collection

After obtaining informed consent, about 5ml of elbow
vein blood was drawn from pregnant women on a
fasting at 24-28weeks of gestation (in the second tri-
mester). The blood was naturally coagulated at room
temperature for 10-20min and centrifuged at 3000
r-min~' for 20min. The serum was separated, trans-
ferred to a cryopreservation tube and stored in a —
80°C freezer for standby.

Detection of the serum NLRP3 along with its
effector molecules

NLRP3, Caspase-1, IL-1f3, and IL-18 in serum were deter-
mined by ELISA. The kit was purchased from Jiangsu
Mei Mian Industry Limited Company and all operations



were carried out in strict accordance with the instruc-
tions of the kit. The kit catalog numbers are as follows:
(MNLRP3:MM-2198H1;(2) caspase-1:MM-13398H1;
G)IL-1B:MM-0181H1; and (@)IL-18:MM-0139H1.The lev-
els of fasting plasma glucose (FPG) and fasting insulin
(FIN) were detected by automatic electrochemilumines-
cence immunoanalyzer, and the insulin resistance index
(HOMA-IR) was calculated and analyzed with homeosta-
sis model assessment. The calculation formula is HOMA-
IR=FPGXxFINS/22.5 [11].

Observation items

The basic clinical data of the pregnant women were
collected, including age, gravidity, pre-pregnancy Body
Mass Index (BMlI=weight (kg)/height (m)?), etc,; The
results of OGTT at 24-28weeks of gestation, weight
gain during pregnancy, mode of delivery, gestational
weeks of delivery, and neonatal birth weight were
recorded; The pregnancy outcomes studied in this
paper include pregnancy complications and perinatal
complications. The incidence of hypertensive disorders
of pregnancy, premature rupture of membranes, pre-
mature delivery, macrosomia, and neonatal hypoglyce-
mia were recorded. The above diagnoses are based on
the diagnostic criteria of the ninth edition of Obstetrics
and gynecology [12].

Statistical analysis

All the normally distributed data were expressed as
the mean+SD. Differences among multiple groups
were examined by a one-way ANOVA followed by a
Bonferroni post hoc test. The Chi-square test was used
to test the significance of ratio and percentage data.
The Pearson correlation analysis was used to evaluate
the association between the indicators. The receiver
operator characteristic curve (ROC) was used to evalu-
ate the predictive value of serum NLRP3 along with its
effector molecules on pregnancy outcomes. The value
was 0.05 as a standard test, p values<.05 were
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considered to be statistically significant. Statistical tests
were performed using SPS526.0 Statistical Software.

Results

Comparison of clinical data of three groups of
pregnant women

There was no significant difference in age, gravidity,
pre-pregnancy BMI and gestational weeks among the
three groups (p>.05) (Table 1).

Comparison of serological indexes among three
groups of pregnant women: OGTT results, FIN,
HOMA-IR and NLRP3 inflammasome along with its
effector molecules

FPG levels, 1Th and 2h after sugar ingestion, as well as
fasting insulin, HOMA-IR, NLRP3, Caspase-1, IL-1B, and
IL-18 were increased in GDM and PGDM compared to
the NTG group (Table 2; p<.05), with the PGDM group
presenting even higher levels than the GDM (Table 2;
p<.05).

Correlation analysis of NLRP3 along with its
effector molecules with blood glucose and insulin
resistance

The levels of NLRP3, Caspase-1, IL-1B, and IL-18 in
pregnant women with hyperglycemia were positively

Table 1. Comparison of clinical data of three groups of preg-
nant women (y £s).
NGT group GDM group PGDM group  F p

Item (n=123) (n=82) (n=60) value Value

Maternal age 30.90+3.17 31.73+£3.04 31.80%x3.12 0.697 .501
(year)

Gravidity (n) 237+1.18 246+1.16 250+1.08 0.096 .908

Pre-pregnancy = 22.22+1.72 2240+1.88 2328+1.79 1.223 .299
BMI (kg/m?)

Gestational 2538+0.98 2540+095 2530+1.12 0.040 .960
weeks
(week)

Table 2. Comparison of serological indexes among three groups of pregnant women(y +£s).

Item NGT group (n=123) GDM group (n=82) PGDM group (n=60) F value p Value
FPG (mmol/L) 4.56+0.25 5.22+0.368* 6.25+0.29* 134.054 <.001
Blood glucose at 1h (mmol/L) 7.49+1.01 10.27 £1.11* 12.84+1.21% 129.024 <.001
Blood glucose at 2h (mmol/L) 6.27 +1.02 8.56+1.07* 13.34+1.34%* 179.813 <.001
FIN (mIU/L) 10.26+2.33 12.27 £3.44* 20.53+2.80** 49.578 <.001
HOMA-IR 2.08+0.48 2.84+0.78* 5.69+0.71% 121.695 <.001
NLRP3 (pg/ml) 480.72+78.09 637.67 +82.70* 718.37+66.22% 89.740 <.001
Caspase-1 (pg/ml) 27.98+10.55 44.75£11.77% 55.59+11.43%# 54.888 <.001
IL-1B (pg/ml) 35.37+9.78 44.33£8.47* 60.04+7.61* 68.947 <.001
IL-18 (pg/ml) 41.29+8.95 53.08+8.43* 69.70 +£8.76*" 92.201 <.001

Note: Compared with NGT group, *p<.05; compared with GDM group, #p<.05.
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correlated with FPG, FIN, HOMA-IR, blood glucose at
1h and 2h after taking sugar (r>0, p<.05) (Table 3).

Comparison of pregnancy outcomes among three
groups of pregnant women

There were significant differences in weight gain
during pregnancy, blood glucose level before delivery,
HbA1c level and gestational weeks of delivery among
the three groups (p<.05), but no significant difference
in neonatal birth weight among the three groups
(p>.05). The incidence rates of cesarean section, pre-
mature delivery, hypertensive disorders of pregnancy,
premature rupture of membranes, neonatal hypoglyce-
mia and macrosomia in the GDM group and PGDM
group were significantly higher than those in the NGT
group (p<.05) (Table 4).

Predictive value of serum NLRP3 along with its
effector molecules in the second trimester of
pregnancy for adverse pregnancy outcomes

Predictive value of NLRP3 along with its effector mole-
cules in the second trimester for hypertensive disorders of
pregnancy. By drawing ROC curve, the predictive value

Table 3. Correlation analysis of NLRP3 along with its effector
molecules with blood glucose and insulin resistance in the
second trimester of pregnancy.

Blood Blood

Cytokine of glucose at glucose at
pyroptosis FPG FIN HOMA-IR 1h 2h
NLRP3

R 0.588 0.305 0.414 0.540 0.535

p <.001 .003 <.001 <.001 <.001
Caspase-1

R 0.483 0.321 0.405 0.586 0.644

p <.001 .002 <.001 <.001 <.001
IL-1B

R 0.580 0.468 0.556 0.515 0.607

p <.001 <.001 <.001 <.001 <.001
IL-18

R 0.639 0.543 0.628 0.601 0.640

p <.001 <.001 <.001 <.001 <.001

of serum NLRP3 along with its effector molecules for
hypertensive disorders of pregnancy was evaluated.
The combination of NLRP3+Caspase-1+IL-13+IL-18
has high sensitivity and specificity, the AUC was 0.84
(95% Cl 0.79-0.88, p<.001).; The best cutoff values of
NLRP3, Caspase-1, IL-1B, and IL-18 in predicting hyper-
tensive disorders of pregnancy were 575.43pg/ml,
51.35pg/ml, 48.56 pg/ml, and 65.35pg/ml (Table 5 and
Figure 1(A)).

Predictive value of serum NLRP3 along with its effector
molecules in premature rupture of membranes. By draw-
ing ROC curve, the predictive value of serum NLRP3
along with its effector molecules for premature rup-
ture of membranes was evaluated. The predictive value
of combination of NLRP3 + Caspase-1+IL-13+IL-18 was
the highest, the AUC was 0.81 (95% Cl 0.75-0.85,
p<.001); NLRP3 and IL-18 has the highest sensitivity of
82.14%. The specificity of combined prediction of NLR
P3+Caspase-1+IL-13+IL-18 was 76.79%; The best cut-
off values of NLRP3, Caspase-1, IL-1B, and IL-18 in pre-
dicting premature rupture of membranes were
566.28 pg/ml, 47.24pg/ml, 50.51pg/ml, and 56.17 pg/
ml (Table 5 and Figure 1(B)).

Predictive value of NLRP3 along with its effector mole-
cules in premature delivery. By drawing ROC curve, the
predictive value of serum NLRP3 along with its effector
molecules for premature delivery was evaluated. The
AUC of combination of NLRP3 + Caspase-1+IL-1f+IL-18
was 0.76 (95% Cl 0.70-0.81, p<.001); NLRP3 has the
highest sensitivity of 80.00%, but the specificity of
47.92% was lowest. The combination of NLRP3
+Caspase-1+IL-1B+IL-18 has high specificity; The best
cutoff values of NLRP3, Caspase-1, IL-13, and IL-18 in
predicting premature delivery were 576.68pg/
ml. 45.69 pg/ml.49.87 pg/ml, and 57.38 pg/ml (Table 5
and Figure 1(C)).

Predictive value of NLRP3 along with its effector
molecules in neonatal hypoglycemia. By drawing ROC
curve, the predictive value of serum NLRP3 along
with its effector molecules for neonatal hypoglycemia
was evaluated. The AUC of combination of NLRP3

Table 4. Comparison of pregnancy outcomes among three groups of pregnant women.

Perinatal outcomes NGT group (n=123) GDM group (n=82) PGDM group (n=60) F/x? p

Weight gain (kg) 14.62+4.84 12.16 £4.40* 11.95+4.33* 10.207 <.001
Blood glucose before delivery(mmol/L) 448+0.74 4.83 +0.44* 5.91+0.62%* 16.356 <.001
HbA1c before delivery (%) 5.16+0.27 5.39+0.29* 5.73+0.28% 11.040 <.001
Gestation week at delivery (week) 39.50+1.04 38.86+1.22% 37.90+1.16%* 8.901 <.001
Cesarean section (n, %) 7(5.7%) 12(13.4%)* 12(18.3%)* 8.984 .011
Premature delivery (n, %) 5(4.1%) 10(12.2%)* 10(16.7%)* 8.555 014
Hypertensive disorders of pregnancy (n, %) 6(4.9%) 11(13.4%)* 13(21.7%)* 11.841 .003
Premature rupture of membranes (n, %) 5(4.1%) 11(13.4%)* 12(20.0%)* 11.856 .003
Neonatal hypoglycemia (n, %) 4(3.3%) 9(11.0%)* 13(21.7%)* 15.636 <.001
Macrosomia (n, %) 6(4.9%) 12(14.6%)* 14(23.3%)* 13.669 .001
Neonatal birth weight (kg) 3.25+0.30 3.36+0.42 3.50+£0.35 2.276 .109

Note: Compared with NGT group, *p<.05; compared with GDM group, #p<.05.
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Table 5. Predictive value of NLRP3 along with its effector molecules in the second trimester for pregnancy outcomes.

Item Sensitivity (%) Specificity(%) AUC(95%Cl) Cutoff value p
Hypertensive disorders of pregnancy
NLRP3 82.76 51.69 0.65(0.59-0.71) 575.4(pg/ml) .004
Caspase-1 79.31 70.76 0.79(0.73-0.84) 51.35(pg/ml) <.001
IL-1B 75.86 74.15 0.73(0.67-0.78) 48.56(pg/ml) <.001
IL-18 82.76 68.64 0.78(0.72-0.83) 65.35(pg/ml) <.001
Combination prediction 82.76 77.97 0.84(0.79-0.88) - <.001
Premature rupture of membranes
NLRP3 82.14 48.52 0.63(0.57-0.69) 566.2(pg/ml) 01
Caspase-1 75.00 71.31 0.75(0.69-0.80) 47.24(pg/ml) <.001
IL-1B 75.00 73.84 0.71(0.65-0.76) 50.51(pg/ml) <.001
IL-18 82.14 68.35 0.76(0.70-0.81) 56.17(pg/ml) <.001
Combination prediction 75.00 76.79 0.81(0.75-0.85) - <.001
Premature delivery
NLRP3 80.00 47.92 0.62(0.56-0.68) 576.6(pg/ml) .031
Caspase-1 72.00 70.42 0.72(0.66-0.77) 45.69(pg/ml) <.001
IL-18 72.00 72.92 0.69(0.63-0.74) 49.87(pg/ml) .002
IL-18 76.00 74.58 0.73(0.67-0.79) 57.38(pg/ml) <.001
Combination prediction 68.00 76.25 0.76(0.70-0.81) - <.001
Neonatal hypoglycemia
NLRP3 65.40 68.20 0.66(0.56-0.76) 613.4(pg/ml) .007
Caspase-1 92.00 35.10 0.61(0.51-0.71) 30.14(pg/ml) .058
IL-1B 53.80 71.10 0.62(0.50-0.74) 49.59(pg/ml) .044
IL-18 65.40 66.90 0.66(0.55-0.77) 55.52(pg/ml) .009
Combination prediction 73.100 63.20 0.67(0.56-0.77) .005
Macrosomia
NLRP3 71.90 64.40 0.69(0.60-0.78) 617.0(pg/ml) <.001
Caspase-1 59.40 73.80 0.68(0.58-0.78) 49.24(pg/ml) .001
IL-18 31.30 92.30 0.64(0.53-0.74) 60.63(pg/ml) 011
IL-18 34.40 92.70 0.64(0.53-0.74) 71.49(pg/ml) .013
Combination prediction 87.50 52.40 0.72(0.63-0.81) <.001

Figure 1. ROC curve of serum NLRP3 along with its effector molecules in the second trimester of pregnancy outcomes.

+ Caspase-1+IL-13+1L-18 was 0.67 (95% Cl 0.56-0.77,
p=.005); Caspase-1 has the highest sensitivity of
92.00%, but the specificity of 35.10% was lowest. The
best cutoff values of NLRP3, Caspase-1, IL-13, and
IL-18 in predicting premature delivery were 613.40 pg/
ml, 30.14 pg/ml, 49.59 pg/ml, and 55.52 pg/ml (Table 5
and Figure 1(D)).

Predictive value of NLRP3 along with its effector mole-
cules in macrosomia. By drawing ROC curve, the predic-
tive value of serum NLRP3 along with its effector
molecules for premature delivery was evaluated. The
AUC of combination of NLRP3 +Caspase-1+IL-13+1L-18
was 0.72 (95% Cl 0.63-0.81, p<.001); IL-18 has the
highest specificity of 92.70%. The combination of NLRP



6 N.HAN ET AL.

3+Caspase-1+IL-1B+IL-18 has high sensitivity; The
best cutoff values of NLRP3, Caspase-1, IL-13, and IL-18
in predicting premature delivery were 576.68pg/ml,
45.69 pg/ml, 49.87 pg/ml, and 57.38 pg/ml (Table 5 and
Figure 1(E)).

Discussion

In this prospective longitudinal study, we had evalu-
ated serum NLRP3, Caspase-1, IL-1B, and IL-18 levels
of pregnant women in mid-second trimester, and
followed-up maternal and neonatal outcomes, to test
whether these metabolic markers can be useful pre-
dictors for adverse pregnancy outcomes. Our study
found that the levels of serum NLRP3, Caspase-1, IL-1(3,
and IL-18 of pregnant women with hyperglycemia
during pregnancy were higher than those in NGT
group in the second trimester, and the levels of preg-
nant women in PGDM group was the highest. Increased
serum NLRP3 along with its effector molecules are
associated with the levels of insulin resistance in
patients and may even affect the subsequent develop-
ment of adverse pregnancy outcomes.

At the same time, our research found that in the
serum of pregnant women with hyperglycemia during
pregnancy, serum NLRP3, Caspase-1, IL-13, and IL-18
were positively correlated with fasting blood glucose,
blood glucose at 1h, blood glucose at 2h, fasting insu-
lin and HOMA-IR, which were independent risk factors
of insulin resistance, suggesting that serum NLRP3
along with its effector molecules may promote insulin
resistance. Previous study [13] found that NLRP3 levels
were significantly higher in T2DM patients than in nor-
mal and prediabetic groups, and there was a correla-
tion between NLRP3 and IL-18 levels, which is similar
to our study. Jia et al. [14] found that NLRP3 inflam-
masome activation inhibits insulin-stimulated glucose
uptake in hepatocytes by blocking IRS signaling.
Jourdan et al. [15] found that endogenous cannabi-
noids can activate NLRP3 inflammasome, thereby acti-
vating Caspase-1, aggravating insulin resistance and
leading to abnormal glucose tolerance. While Healy
et al. [16] found that supplementation with a casein
hydrolysate reduce NLRP3 inflammasome mediated
IL-1B secretion and improve insulin resistance. Youm
et al. [17] have studied that NLRP3 promotes islet
fibrosis and increases insulin resistance in mice.
However, knockout of NLRP3 gene in mouse pancreas
can protect islet cells from death caused by long-term
high-fat diet, significantly increase islet volume and
improve glucose metabolism and insulin sensitivity.
The possible mechanisms by which cell focal death
factors promotes insulin resistance are: (1) Activated

NLRP3 increases the release of IL-1B and IL-18, which
can inhibit the expression of a variety of glucose trans-
porters (GLUT) and transduction of insulin signal, lead-
ing to the occurrence of maternal insulin resistance
[15,18,19]. (2) Studies have shown that IL-1f induced
the release of inflammatory factors through triggering
nuclear transcription factors-kB (NF-kB), mitogen acti-
vated protein kinases (MAPK), and Fas signaling path-
way [20]. And IL-18 induced the release of inflammatory
factors mainly through MAPK, STAT3, PI3K/Akt, NF-kB,
and other pathways [21-23]. We speculate that the
chronic inflammatory state in pregnant women with
hyperglycemia may be caused by the activation of
inflammatory related pathways induced by pyroptosis
mechanism, which aggravates insulin resistance.

In this study, the incidence rates of hypertensive
disorders of pregnancy, premature delivery, premature
rupture, neonatal hypoglycemia and macrosomia of
membranes in GDM group and PGDM group were sig-
nificantly higher than those in NGT group. Yang and
Zhang [24] found that pyroptosis is involved in the
occurrence and development of preeclampsia, NLRP3
and IL-1f3 are overexpressed in the placenta of preg-
nant women with preeclampsia. Ingrid et al. [25]
demonstrated that the expression of NLRP3, Caspase-1,
IL-1B, and IL-18 in the peripheral blood of preeclamp-
sia pregnant women was significantly higher than that
of normal pregnant women. It may be through the
activation of NLRP3 inflammasome to induce the pyro-
ptosis of placental trophoblast, release inflammatory
factors, aggregate immunocyte, amplify the inflamma-
tory response and damage vascular endothelial cells.

On the one hand, the inflammatory factors pro-
duced by pyroptosis act on the fetal membrane, mak-
ing the fetal membrane edema and brittle, and finally
the fetal membrane breaks down; On the other hand,
excessive pyroptosis can also increase the release of
high mobility probability box-1 protein (HMGB-1). Cui
et al. [26] found that overexpression of HMGB-1 is
related to the occurrence and development of prema-
ture rupture of membranes. Pregnant women with
premature rupture of membranes may also be that the
fetal membrane cells, when stimulated by pathogen
infection or other dangerous signals, start the pyropto-
sis pathway, activate Caspase-1, promote the matura-
tion of IL-1B, and act on the gasdermin protein
(GSDMD) to perforation the fetal membrane, resulting
in swelling and dissolution of fetal membrane cells
and rupture of fetal membrane. It may also be caused
by the release of a large number of extracellular
inflammatory cytokines, such as IL-13, which stimu-
lates matrix metalloproteinases and leads to the deg-
radation of extracellular matrix [27]. The study found



that compared with those of pregnant women without
placental lesions, the levels of NLRP3 and activated
Caspase-4 in the amniotic membrane of spontaneous
preterm pregnant women with acute chorioamnionitis
were increased. The increased complex formation of
ASC/Caspase-1 is involved in the release of IL-13 and
IL-18 and induces chorionic membrane pyroptosis [28].
These pieces of evidence suggest that pyroptosis may
also be involved in the pathological inflammation of
spontaneous preterm birth.

Our study showed that NLRP3 along with its effec-
tor molecules are associated with adverse pregnancy
outcomes. So, the ROC curve was drawn to evaluate
the predictive value of serum NLRP3, Caspase-1, IL-18,
and IL-18 in the second trimester on perinatal out-
comes. It was found that serum NLRP3 along with its
effector molecules had certain predictive value on
pregnancy induced hypertensive disorders, premature
rupture of membranes premature delivery, neonatal
hypoglycemia, and macrosomia.

The sensitivity and specificity of combined predic-
tion of NLRP3, Caspase-1, IL-1B, and IL-18 of hyperten-
sive disorders is the highest, with 82.76% and 77.97%,
and the area under the ROC curve is the highest, with
0.84. The specificity of combined prediction of prema-
ture rupture of membranes and preterm delivery are
both the highest, respectively, with 76.79% and
76.25%, the area under the ROC curve is also the high-
est, with 0.81and 0.76. The AUCs of NLRP3 along with
its effector molecules in jointly predicting neonatal
hypoglycemia and macrosomia are, respectively, 0.67
and 0.72. Samuel Parry et al. demonstrated the ROC
curve area of serum placental protein levels, including
vascular endothelial growth factor, endoglin, soluble
fms-like tyrosine kinase-1, and alpha-fetoprotein et al.
in the second trimester to predict adverse pregnancy
outcomes was relatively low, in the range of 0.50-0.64
[29]. The study revealed that the mid-pregnancy HbA1c
level was associated with various adverse pregnancy
outcomes. Compared with the HbA1c category of 4.5-
4.9%, higher HbA1c levels were significantly associated
with increased risks of Hypertensive disorders of preg-
nancy, preterm delivery, low birth weight, and macro-
somia (OR ranges of 1.20-9.98, 1.31-5.16, 0.89-4.10,
and 2.22-27.86, respectively; all trend p values <.05)
[30]. While Carlsen et al. found that Per unit HbA1c
within the top quartile, preterm delivery increased by
14%, preeclampsia increased by 20% [31]. Our study
suggests mid-trimester NLRP3 along with its effector
molecules can serve as clinical biomarkers to predict
adverse pregnancy outcomes, and the joint prediction
effect is the best.
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In conclusion, the levels of serum NLRP3, Caspase-1,
IL-1B, and IL-18 of pregnant women with hyperglyce-
mia are increased and may participate in the occur-
rence of insulin resistance by increasing the chronic
inflammatory process in pregnant women; Moreover,
serum NLRP3 along with its effector molecules may
increase the risk of adverse pregnancy outcomes in
pregnant women with diabetes. To the best of our
knowledge, this is the first study to assess serum levels
of NLRP3 along with its effector molecules, such as
Caspase-1, IL-13, and IL-18, in pregnant women with
varying levels of glycemia. We studied the serum levels
cytokine of pyroptosis in mid-pregnancy hyperglycemia
and their relationship with insulin resistance and pro-
vided a new research direction for the mechanism of
gestational diabetes mellitus. It is of great significance
to intervene and predict the occurrence of adverse
pregnancy outcomes by investigating the relationship
between gestational diabetes mellitus and pyroptosis.
Limitations of our study must be acknowledged.
Further basic experiment is warranted to determine
whether the activation of the NLRP3 inflammasome
can lead to insulin resistance and adverse pregnancy
outcomes. The question of whether reducing NLRP3
inflammasome levels will improve adverse pregnancy
outcomes also needs to be explored in the future.
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