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Abstract: Objective: To investigate the perinatal outcome of postpartum hypertension in pregnant women with ges-
tational diabetes (GDM). Methods: A total of 100 puerperae who gave birth in our hospital from March 2018 to 
January 2020 were retrospectively analyzed. Among them, 50 patients were puerperae with postpartum hyperten-
sion (experimental group), and 50 puerperae had normal postpartum blood pressure (control group). Before deliv-
ery, fasting, postprandial and bedtime blood glucose, glycosylated hemoglobin, and urine glucose were compared 
between the two groups. Results: Before delivery, the experimental group observed significantly higher fasting, post-
prandial, and bedtime blood glucose, glycosylated hemoglobin, and urine glucose than the control group (P<0.05). 
A notable decline in natural delivery rate was witnessed in the experimental group (P<0.05). The two groups pre-
sented no significant differences in neonatal outcomes, neonatal blood glucose and blood pressure, maternal blood 
pressure at 30 weeks and 34 weeks of pregnancy, and blood lipid levels during pregnancy (P>0.05). Conclusion: 
Postpartum hypertension in pregnant women with GDM results in a low probability of natural birth and it has a slight 
impact on the fetus.
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Introduction

Gestational diabetes mellitus (GDM) is defined 
as a specific disease in pregnant women who 
present with high blood glucose at different 
stages of pregnancy. Compared to type II dia- 
betes mellitus (DM) patients, the abnormality 
of blood glucose only occurs during pregnancy. 
The mechanism behind GDM is related to hor-
monal changes during pregnancy, which results 
in the release of glucose into the systemic cir-
culation after the incomplete metabolism of 
daily glucose intake, elevating plasma glucose 
levels, and increasing blood viscosity [1-3]. In 
addition to a higher risk of obstructive dis- 
eases such as cardiovascular disease and 
stroke, poor glycemic control in GDM patients 
is also detrimental to the parturients, fetus, 
and delivery outcome as well [4-6]. Conse- 

quently, GDM patients may suffer higher risks 
of hemorrhage, fetal asphyxia, and cesarean 
section. Moreover, DM patients invariably pres-
ent with unstable blood pressure and lipid lev-
els [7-9]. In order to evaluate the risk of post-
partum hypertension in GDM patients, we ana-
lyzed the predicting value of cell-free DNA level 
in early blood glucose testing before delivery, 
and our study involves both patients with and 
without postpartum hypertension as the ex- 
perimental group and the control group res- 
pectively. Before delivery, fasting, postprandial 
and bedtime blood glucose, glycosylated he- 
moglobin, urine glucose, delivery mode, neona-
tal outcome, neonatal immune function, neona-
tal blood glucose, and blood pressure, mater- 
nal blood pressure at 30 weeks and 34 weeks 
of gestation, and at delivery, along with blood 
lipid levels during pregnancy were compared 
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between the two groups. This research is uni- 
que in the sense of exploring perinatal out-
comes of postpartum hypertension in pregnant 
women with GDM, to further avoid adverse 
postpartum complications. The study was con-
ducted as follows.

Material and methods

Demographics

A total of 100 puerperae who gave birth in our 
hospital from March 2018 to January 2020 
were retrospectively analyzed. Among them,  
50 patients were puerperae with postpartum 
hypertension (experimental group), and 50 
puerperae had normal postpartum blood pres-
sure (control group). The experimental group 
involved 50 cases with postpartum hyperten-
sion, and the control group involved 50 cases 
without postpartum hypertension. Patients’ 
ages ranged from 22 to 34 years old in the 
experimental group and from 20 to 33 years 
old in the control group. There was no statisti-
cally significant difference in age, gestational 
age, and educational background between the 
two groups (P>0.05). This study strictly com-
plied with the ethics committee certificate,  
(ethics certificate number: 2017-11-15) and  
the patients and their families signed an in- 
formed consent form. See Table 1.

Inclusion/exclusion criteria

Inclusion criteria

① No hypertension before pregnancy; ② Age 
above 18 when pregnant; ③ No other systemic 

disease; ④ No allergies, history of drug abuse, 
or other bad habits; ⑤ This study was approved 
by our medical ethics committee, and patients 
voluntarily participated in this study.

Exclusion criteria

① Twin pregnancy; ② Parturients older than 
40-year-old; ③ Diagnosis of DM before pre- 
gnancy.

Methods

During pregnancy, parturients’ fasting, 2 h post- 
prandial, and bedtime blood glucose were mon-
itored via peripheral finger stick. All patients 
were encouraged to keep an appropriate level 
of exercise, avoid being bed-bound, eat health-
ily and keep fit. Plasma levels of blood glu- 
cose, glycosylated hemoglobin, urine glucose, 
and blood lipid level were also monitored 
monthly. Morning and random blood pressure 
(systolic blood pressure (SBP) and diastolic 
blood pressure (DBP)) were monitored daily. 
Parturients were also encouraged to read, lis-
ten to music, and avoid smoking, drinking and 
crowds. Two ml fasting cubital venous blood 
was drawn for blood lipid testing and mid-morn-
ing urine testing was conducted for urine blood 
glucose.

A total of 20 ul CD3+, CD4+, CD8+ tricolor mono-
clonal antibody was added to the absolute 
counting tube, 50 ul EDTA-K2 anticoagulated 
whole blood was added, and it was placed at 
room temperature for 15 minutes. Next, 450 ul 
of disposable hemolysin was then added and  
it was placed in the dark at room temperature 

Table 1. Demographic Comparison (
_
x±s)

Groups Experimental Group (n=50) Control Group (n=50) X2/t P
Age (year-old) 28.10±4.33 27.55±4.29 0.64 0.52
Height (cm) 163.39±8.87 162.88±8.24 0.30 0.77
Weight (kg) 68.62±4.39 69.05±4.55 0.48 0.63
Gestational Age (week) 37.67±1.30 37.41±1.42 0.95 0.34
Smoking (year) 1.96±0.33 2.00±0.36 0.58 0.56
Alcohol (year) 4.22±1.05 4.30±1.02 0.39 0.70
Primipara (cases) 33 30 0.39 0.53
Multipara (cases) 17 20
Education
    Elementary school and less 5 7 0.38 0.54
    Middle School 11 10 0.06 0.81
    High School and above 34 33 0.05 0.83
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for 15 minutes. The CD3+, CD4+, CD8+ cell 
counts were detected with the FACScalibur 
type flow cytometer produced by BD Company. 
The MULTISET software automatically analyzed 
and calculated the absolute cell counts and 
corresponding ratios of CD3+, CD4+, CD8+.

Observational variables

Before delivery, fasting, postprandial and bed-
time blood glucose, glycosylated hemoglobin, 
urine glucose, delivery mode, neonatal out-
come, neonatal immune function, neonatal 
blood glucose, and blood pressure [Mean arte-
rial pressure = (SBP+2×DBP)/3], maternal bl- 
ood pressure at both 30 weeks and 34 weeks 
of gestation, and at delivery, along with blood 
lipid levels during pregnancy were compared 
between the two groups.

Fasting glucose within 3.9-6.1 mmol/L, and  
2 h postprandial, bedtime glucose less than 8 
mmol/L were considered as within a normal 
range [10-12].

Glycosylated hemoglobin, an indicator of a re- 
cent level of stable glycemic control, between 
4.99%-6.79% was considered normal.

Urine glucose of zero was considered normal, 
symbols of “+, ++, +++” demonstrated the 
severity of positive urine glucose, the plus sym-
bols, the more severe it is.

Figure 1. Comparison of fasting, postprandial, bedtime blood glucose before 
delivery between two groups. Note: From left to right, the horizontal axis 
represents fasting blood glucose (FBG), postprandial blood glucose (PBG), 
and bedtime blood glucose (BBG), the vertical axis represents blood glu-
cose level. FBG in the experimental group was (7.31±1.04) mmol/L and in 
the control group was (5.21±0.38) mmol/L, t=13.41, *P<0.05, the result is 
statistically significant. PBG in the experimental group was (10.76±2.00) 
mmol/L and in the control group was (6.98±1.13) mmol/L, t=13.41, 
*P<0.05, the result is statistically significant. BBG in the experimental group 
was (9.96±1.85) mmol/L and in the control group was (6.23±1.01) mmol/L, 
t=13.41, *P<0.05, the result is statistically significant.

Immune function test variabl- 
es: A higher level of patients’ 
CD3+, CD4+, CD8+ represented 
better immune function.

Blood lipid profile included tri-
glycerides (TG), total choles-
terol (TC), low-density lipopro-
tein (LDL), high-density lipo-
protein (HDL).

Statistical analysis

Our statistical analysis used 
software was SPSS 20.0 and 
GraphPad Prism 7 (GraphPad 
Software, San Diego, USA) was 
used for graphic illustrations. 
Our study involved both quan-
titative data and categorical 
data, quantitative data were 
presented as (

_
x±s) using t- 

test, categorical data were 
presented as [n (%)], using chi-

square. A P-value <0.05 was considered statis-
tically significant.

Results

Comparison of fasting, postprandial, bedtime 
blood glucose before delivery between two 
groups

The fasting blood glucose (FBG), postprandial 
blood glucose (PBG), and bedtime blood glu-
cose (BBG) in the experimental group were 
(7.31±1.04) mmol/L, (10.76±2.00) mmol/L, 
and (9.96±1.85) mmol/L respectively, and in 
the control group were (5.21±0.38) mmol/L, 
(6.98±1.13) mmol/L and (6.23±1.01) mmol/L 
(P<0.05). A remarkably higher outcome was 
observed in the experimental group. See Fi- 
gure 1.

Comparison of glycosylated hemoglobin and 
urine glucose between two groups

When we compared the glycosylated hemoglo-
bin and urine glucose between the two groups, 
the experimental group showed (8.20±0.61)% 
statistically significantly better results as com-
pared to the control group (5.39±0.28)%; the 
number of positive cases of urine glucose was 
41, which was significantly higher than 13 of 
the control group (P<0.05). See Table 2.
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Comparison of delivery mode between two 
groups

The experimental group had 21 cases of natu-
ral delivery and 29 cases of cesarean section, 
with a natural delivery rate of 42%. The control 
group had 40 cases of natural delivery and 10 
cases of cesarean section, with a natural deliv-
ery rate of 80%. A notable decline in nature 
delivery rate was witnessed in the experimen- 
tal group (P<0.05). See Table 3.

Comparison of neonatal outcome between two 
groups

In the experimental group, there were 3 ca- 
ses of neonatal asphyxia (6%), 1 case of con-
genital diabetes mellitus (2%), 46 cases of 
healthy newborns (92%). In the control group, 
there were 2 cases of neonatal asphyxia (4%),  
1 case of congenital malformation (2%), 47 
cases of healthy newborns (94%). No statisti-

evidence of significant differences in neonatal 
blood glucose and mean arterial pressure 
between the two groups was found (P>0.05). 
See Table 5.

Comparison of maternal blood pressure at 30 
weeks, and 34 weeks of gestation, and at de-
livery between two groups

In Figure 3, the maternal blood pressure at  
30 weeks in the experimental group was 
(113.69±7.38) mmHg and that of the control 
group was (112.56±7.51) mmHg. The maternal 
blood pressure at 34 weeks in the experimen-
tal group was (106.91±7.85) mmHg and of  
the control group was (106.12±7.46) mmHg. 
The maternal blood pressure at delivery in the 
experimental group was (118.50±8.00) mmHg 
and that of the control group was (116.32± 
7.69) mmHg. Maternal blood pressure at 30 
weeks, and 34 weeks of gestation, and at de- 
livery between two groups did not differ stati- 
stically (P>0.05).

Table 2. Comparison of glycosylated hemoglobin and 
urine glucose between two groups

Groups Glycosylated 
Hemoglobin (%)

Urine Glucose 
(Positive Cases)

Experimental Group (n=50) 8.20±0.61 41
Control Group (n=50) 5.39±0.28 13
X2/t 29.60 31.56
P <0.001 <0.001

Table 3. Comparison of delivery mode between two 
groups

Groups Natural 
delivery

Cesarean 
section

Natural  
delivery rate(%)

Experimental Group (n=50) 21 29 42
Control Group (n=50) 40 10 80%
X2 15.17
P 0.002

Table 4. Comparison of neonatal outcome between two 
groups

Groups Neonatal 
asphyxia

Congenital 
diabetes 
mellitus

Healthy 
newborns

Experimental Group (n=50) 3 (6) 1 (2) 46 (92)
Control Group (n=50) 2 (4) 1 (2) 47 (94)
X2 0.15
P 0.70

cally significant difference was detect-
ed in neonatal asphyxia, congenital 
diabetes, and congenital malforma-
tions between groups (P>0.05). See 
Table 4.

Comparison of neonatal immune func-
tion between two groups

The neonatal levels of CD3+, CD4+, 
CD8+ in the experimental group were 
(732.15±98.62) μl-1, (319.89±76.22) 
μl-1 and (353.80±74.16) μl-1, while 
those in the control group were 
(884.69±113.50) μl-1, (501.48±89.99) 
μl-1 and (567.12±89.01) μl-1. Worse 
performance of neonatal immune fun- 
ction was found in the experimental 
group in contrast to the control group 
(P<0.05). See Figures 2, 3.

Comparison of neonatal blood glucose 
and mean arterial pressure between 
two groups

The neonatal blood glucose levels in 
the experimental group and the con- 
trol group were (4.69±0.62) mmol/L 
and (4.66±0.65) mmol/L. The mean 
arterial pressure in the control group 
and the control group were (102.46± 
8.83) mmHg and (101.59±8.72). No 
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Comparison of blood lipid levels during preg-
nancy between the two groups

The levels of TC, TG, LDL, and HDL in the ex-
perimental group were (3.81±0.75) mmol/L, 
(0.92±0.08) mmol/L, (1.65±0.33) mmol/L,  
and (1.11±0.09) mmol/L; those in the control 
group were (3.84±0.77) mmol/L, (0.93±0.07) 
mmol/L, (1.69±0.39) mmol/L, and (1.10± 
0.10) mmol/L. The blood lipid levels during 
pregnancy were also similar between the two 
groups (P>0.05). See Table 6.

Discussion

GDM is a metabolic disease that occurs in 
pregnancy and as a result, a great number of 
parturients suffer an increased risk of endo-
crine disorders and hormonal disturbance. 
Inadequate insulin secretion or insulin resis-
tance is secondary to excessive secretion, whi- 
ch are all causes of DM [13-15]. The potential 
danger of congenital fetal deformities by some 
drugs leaves the patient’s with limited choices 
of medications; hence, nutrition, diet, and a 

Figure 2. Comparison of neonatal immune func-
tion between two groups. A. Flow cytometry of 
CD3+, CD4+, CD8+. B. The percentages of CD3+, 
CD4+, CD8+ in the two groups of patients. Note: 
From left to right, the horizontal axis represents 
CD3+, CD4+, CD8+, the vertical axis represents 
test results (μl-1), *P<0.05.
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Figure 3. Comparison of maternal blood pressure at 30 weeks, 34 weeks of 
gestation, and at delivery between two groups. Note: From left to right, the 
horizontal axis represents 30 weeks of gestation, 34 weeks of gestation, at 
delivery, the vertical axis represents blood pressure level. The maternal blood 
pressure at 30 weeks of the experimental group was (113.69±7.38) mmHg 
and of the control group was (112.56±7.51) mmHg; the maternal blood pres-
sure at 34 weeks of the experimental group was (106.91±7.85) mmHg and 
of the control group was (106.12±7.46) mmHg; the maternal blood pressure 
at delivery of the experimental group was (118.50±8.00) mmHg and of the 
control group was (116.32±7.69) mmHg, t=1.39, P=0.17. The result is not sta-
tistically significant.

Table 5. Comparison of neonatal blood glucose and mean arterial 
pressure between two groups (

_
x±s)

Groups Mean arterial  
pressure (mmHg)

Blood Glucose 
(mmol/L)

Experimental Group (n=50) 102.46±8.83 4.69±0.62
Control Group (n=50) 101.59±8.72 4.66±0.65
T 0.50 0.24
P 0.62 0.81

Table 6. Comparison of blood lipid level during pregnancy between 
two groups (

_
x±s, mmol/L)

Groups TC TG LDL HDL
Experimental Group (n=50) 3.81±0.75 0.92±0.08 1.65±0.33 1.11±0.09
Control Group (n=50) 3.84±0.77 0.93±0.07 1.69±0.39 1.10±0.10
t 0.20 0.67 0.55 0.53
P 0.84 0.51 0.58 0.60

balanced lifestyle are more essential to treat-
ment of GDM patients [16-18]. Body function 
and blood circulation are severely hindered by 
the invasion of glucose into the bloodstream 
after the incomplete metabolism of glucose  
in diabetes patients. When there is too much 

sugar in the blood, normal 
cellular function and acti- 
vity will be impeded and 
blood viscosity will increase, 
resulting in high lipid levels 
in diabetes patients [19-21]. 
During systemic circulation, 
when the heart constricts 
and blood is pumped into 
the blood vessel, the blood 
pressure reaches its peak, 
which is called systolic pres-
sure, and when the heart 
relaxes and blood returns  
to the heart from the major 
vessels, the blood pressure 
is at the lowest, which is 
called the diastolic pressu- 
re [22-24]. Blood pressure  
is associated with genetics, 
diet habits, blood viscosity, 
blood density, vessel elas-
ticity as well as cardiac fun- 
ction. Therefore, DM pati- 
ents are at a rising risk of 
hypertension. To evaluate 
the risk of postpartum hy- 
pertension in GDM patients, 
we analyzed the predicting 
value of cell-free DNA level 
in early blood glucose test-
ing before delivery, and our 
study involved both patients 
with and without postpar-
tum hypertension as the 
experimental group and the 
control group respectively. 
Before delivery, fasting, po- 
stprandial and bedtime bl- 
ood glucose, glycosylated 
hemoglobin, urine glucose, 
delivery mode, neonatal out-
come, neonatal immune fu- 
nction, neonatal blood glu-
cose, and blood pressure, 
maternal blood pressure at 
30 weeks, and at 34 weeks 

of gestation, and at delivery as well as blood 
lipid levels during pregnancy were compared 
between the two groups.

Our study showed that the fasting, postprandi-
al, bedtime blood glucose, glycosylated hemo-
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globin, urine glucose before delivery in the 
experimental group were significantly higher 
than the control group (P<0.05). High blood glu-
cose will lead to a positive result of the urine 
glucose test which should be negative in nor-
mal cases. The results also demonstrated that 
blood glucose during pregnancy in parturients 
with postpartum hypertension in the experi-
mental group was significantly higher than nor-
mal, which indicated that parturients with GDM 
posed increasing odds of postpartum hyper-
tension compared to parturients without hyper-
tension. There were significantly lower rates of 
natural delivery and worse neonatal immune 
function in the experimental group (P<0.05),  
as compared to the control group. With a hig- 
her risk of major bleeding and difficult delivery, 
measures should be taken to assist in delivery, 
and the increasing risk of neonatal infection or 
autoimmune dysfunction due to poor immune 
function in these neonates also requires pro- 
per attention. There were similar results in the 
neonatal outcome, neonatal blood glucose and 
blood pressure, maternal blood pressure at 30 
weeks and 34 weeks gestation and at delivery, 
as well as blood lipid level during pregnancy 
(P>0.05). Our results demonstrated that des- 
pite the higher blood glucose and glycosylated 
hemoglobin level during pregnancy in parturi-
ents with postpartum hypertension in the ex- 
perimental group, no major effects on neonatal 
outcome, neonatal blood glucose and blood 
pressure, maternal blood pressure, or lipid lev-
els that were observed during pregnancy. Ge- 
stational blood pressure in the experimental 
group was slightly higher than the control gr- 
oup, but this difference was not obvious and 
was within a safe range, indicating that the par-
turients in the experimental group already pre-
sented signs of hypertension, and these signs 
became more obvious after delivery. Ning Jun 
et al. [25] revealed the close relationship bet- 
ween GDM, gestational hypertension, and ges-
tational hyperlipidemia, which has been shown 
to have a certain predicting value. The results 
of their study were consistent with the results 
of our study, which consolidates the scientific 
value of our results. The limitation of this study 
lies in the absence of medium and long-term 
follow-up of postpartum GDM patients to con-
firm whether more postpartum complications 
will occur. In the future, the scope of the study 
will be expanded and the trial time will be 
extended.

In conclusion, postpartum hypertension in pre- 
gnant women with GDM results in a low proba-
bility of natural birth and has a slight impact on 
the fetus.
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