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Background: Blood glucose variability (GV) is believed to be closely related to the occurrence of adverse 
obstetric outcomes. However, few studies have investigated how the change in fasting plasma glucose (FPG) 
influenced on the adverse obstetric outcomes. This study mainly evaluated the relationship between FPG 
coefficient of variation (FPG-CV) and adverse outcomes in patients with gestational hyperglycemia and 
determine the ideal FPG-CV threshold for predicting maternal and infant outcomes.
Methods: We retrospective analyzed the data of 608 pregnant hyperglycemic patients in the Obstetrics 
Department of Shengjing Hospital Affiliated to China Medical University between June 2019 and December 
2021 and followed up inpatients through the Hospital Information System (HIS). We collected the venous 
FPG from 24–28 weeks of pregnancy to delivery. Maternal and infant outcomes were based on the latest 
definitions. The chi-square test and logistic regression analysis were performed to evaluate the correlation 
between FPG-CV and adverse outcomes. Two multivariate binary logistic regression models were used to 
adjust for confounding factors. Stratified analysis was performed according to hemoglobin A1c (HbA1c) 
levels (<5.9% and ≥5.9%) and insulin injection (not used and used) in the third trimester of pregnancy. The 
receiver operating characteristic (ROC) curve was used to evaluate the prediction of FPG-CV on adverse 
outcomes.
Results: All patients were divided into four groups based on the quartile of FPG-CV. The proportion 
of FPG-SD and insulin injections differed among the groups (P<0.05). Among the outcomes, the highest 
incidence rate was 26.3% for large for gestational age (LGA), 8.7% for premature delivery. FPG-CV 
remains independently associated with low birth weight [odds ratio (OR) =1.086, P=0.007], preterm birth (OR 
=1.069, P=0.012), and preeclampsia (OR =1.180, P<0.001). FPG-CV can predict preeclampsia, with an area 
under the curve (AUC) of 0.725.
Conclusions: Our results suggest that patients with gestational hyperglycemia should undergo routine 
FPG monitoring from diagnosis to delivery. Also, the impact of blood glucose fluctuations on adverse 
outcomes should be considered in the clinical treatment. The rational application of hypoglycemic treatment 
can stabilize blood glucose levels, however, the effects of different regimens on GV and outcomes should be 
studied further.
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Introduction

Hyperglycemia during pregnancy is a common metabolic 
complication and can increase the risk of adverse pregnancy 
outcomes in mothers and their offspring in the short and 
long term (1). Hyperglycemia increases the incidence of 
fetal complications, such as macrosomia, intrauterine growth 
retardation, premature delivery, stillbirths, fetal respiratory 
distress syndrome, and neonatal hypoglycemia. It also leads 
to metabolic syndrome in the offspring, as well as an increase 
in the possibility of maternal postpartum hemorrhage 
and the postpartum onset of type 2 diabetes mellitus (2). 
Hyperglycemia during pregnancy is classified into gestational 
diabetes mellitus (GDM), overt diabetes mellitus (ODM), 
and pre-GDM (PGDM), according to the 2020 guidelines 
of the Chinese Diabetes Society (CDS) (3). Using these 
guidelines, more pregnant women with mild hyperglycemia 
are diagnosed with GDM, which has subsequently increased 
the prevalence of GDM.

Studies have shown that blood glucose variability (GV) 

is closely related to the occurrence of adverse obstetric 
outcomes (4-6). Previous study has shown that the mean 
amplitude of glycemic excursions is an independent risk 
factor for adverse neonatal outcomes, such as large for 
gestational age (LGA), small for gestational age (SGA), and 
neonatal respiratory distress syndrome, and it can predict 
the occurrence of adverse outcomes including preeclampsia 
and neonatal hypoglycemia (4). Some studies have reported 
that a minimal increase in blood GV also affects fetal growth 
in utero (5). We have previously reviewed the importance 
of GV in patients with GDM and their related progress 
and found that well-controlled GV has greater benefits 
for patients with GDM (7). However, few studies have 
investigated the relationship between the change in fasting 
plasma glucose (FPG), an easily available and frequently-
used indicator, from diagnosis to delivery, [as determined 
by the fasting plasma glucose coefficient of variation (FPG-
CV)] and the occurrence of maternal and infant outcomes 
in patients with hyperglycemia during pregnancy. Current 
research suggests that the possible pathophysiological 
mechanisms of FPG variability and GDM are oxidative 
stress and β-cell dysfunction. Hyperglycemia variability 
enhances oxidative stress and promotes the production of 
cellular inflammatory factors. Intermittent hyperglycemia 
can also induce the formation of mitochondrial superoxide 
and reduce the secretion of adiponectin, indicating reduced 
glucose sensitivity. These processes promote the occurrence 
of diabetes. In addition, changes in blood sugar cause the 
pancreas β apoptosis may lead to poor blood glucose control 
and the further development of diabetes (8). These potential 
mechanisms lead to various pathological changes in GDM 
patients based on the high variability of FPG, which leads to 
poor maternal and infant outcomes. GDM is closely related 
to adverse pregnancy outcomes. The incidence of short- 
and long-term adverse maternal and infant events is high 
in patients with gestational hyperglycemia and poor blood 
glucose control (9). A study of hyperglycemia and adverse 
pregnancy outcomes showed that pregnant women with 
untreated blood glucose control developed preeclampsia 
compared with pregnant women with treated blood glucose 
control. Moreover, the proportion of newborns admitted 
to the intensive care unit increased and the Apgar 5-minute 
score of newborns decreased significantly (10). Therefore, 
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to better control blood glucose levels, indicators reflecting 
blood glucose control should be adopted. Blood GV is a 
novel indicator of glucose control, which is associated with 
an increased risk of complications and mortality in patients 
with diabetes (11,12).

The commonly used evaluation indicators for the 
variability of FPG include the FPG-CV, FPG standard 
deviation (FPG-SD), and FPG variability independent 
of the mean (FPG-VIM). The present study mainly 
evaluated the relat ionship between FPG-CV and 
maternal and infant outcomes in patients with gestational 
hyperglycemia. Studies have shown that high hemoglobin 
A1c (HbA1c) levels in the middle and late trimesters of 
pregnancy are related to the occurrence of LGA (13). 
Moreover, HbA1c ≥5.9% has been reported to Increase 
the risk of premature delivery in GDM patients (14).  
Considering the correlation between HbA1c and maternal 
and infant outcomes, we adjusted the bias of HbA1c to 
evaluate the correlation between FPG-CV and maternal and 
infant outcomes of patients with gestational hyperglycemia 
at different HbA1c levels. Concurrently, we also attempted 
to determine an ideal boundary value in patients with 
hyperglycemia during pregnancy to predict the occurrence 
of maternal and infant outcomes. We present the 
following article in accordance with the STARD reporting 
checklist (available at https://atm.amegroups.com/article/
view/10.21037/atm-22-6476/rc).

Methods

Study population

This retrospective cohort study included pregnant 
hyperglycemic patients who were hospitalized and had 
delivered in the Obstetrics Department of Shengjing 
Hospital Affiliated to China Medical University between 
June 2019 and December 2021. Specifically, the following 
patients were included: (I) patients who met the diagnostic 
criteria of ODM or GDM based on the 2020 CDS 
guidelines; (II) pregnant women aged 20 years or older 
with a single pregnancy; and (III) patients for whom venous 
blood fasting glucose monitoring was conducted at least 
four times in our hospital during the period from the 
diagnosis of ODM or GDM at 24–28 weeks of gestation 
to delivery, with the interval between two adjacent rounds 
of venous blood fasting glucose monitoring being >7 days. 
The exclusion criteria were as follows: (I) patients with 
pre-pregnancy diabetes mellitus based on the 2020 CDS 

diagnostic criteria for PGDM; (II) patients with incomplete 
clinical data; (III) patients with previous autoimmune 
diseases, tumors, severe infections, severe liver and kidney 
insufficiency, hematological diseases, and GDM; and (IV) 
patients with smoking or drinking habits.

The sample size calculation formula of the cohort study 
and NCSS-PASS 15 software were used to estimate the 
sample size with estimation parameters. The calculated 
sample size should be greater than 550 people. The formula 
used is as follows: 
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Diagnostic basis of GDM and ODM

GDM based on the 2020 CDS guidelines is diagnosed as 
follows: 75 g oral glucose tolerance test (OGTT) blood 
glucose at any time during pregnancy meets any of the 
following requirements: 5.1 mmol/L ≤ FPG <7.0 mmol/L, 
OGTT 1 h blood glucose ≥10.0 mmol/L, and 8.5 mmol/L  
≤ OGTT 2 h blood glucose <11.1 mmol/L. Meanwhile, the 
diagnostic criteria of ODM are as follows: the blood glucose 
value at any time during pregnancy meets any one or more 
of the following: FPG ≥7.0 mmol/L, 75 g OGTT 2 h 
blood glucose ≥11.1 mmol/L, and random blood glucose  
≥11.1 mmol/L.

Data collection and follow-up

The basic information and clinical characteristics of the 
patients, including age, height, weight before delivery, 
systolic blood pressure (SBP) on the first day of admission, 
diastolic blood pressure (DBP) on the first day of admission, 
if they were primipara, family history, abortion history, 
blood glucose 2 hours after meal after admission, the 
method of controlling blood glucose during pregnancy 
(insulin or oral hypoglycemic drugs), blood lipids before 
production, HbA1c in the third trimester fetal age, fetal 
sex, fetal birth weight, and neonatal blood glucose at 
delivery were collected. The basic information and clinical 
characteristics of the patients were obtained by HIS.

The body mass index (BMI) was calculated based on 
height and weight. Blood lipids included triglycerides, total 
cholesterol, high-density lipoprotein cholesterol (HDL-C), 
and low-density lipoprotein cholesterol (LDL-C). Maternal 
outcomes obtained at delivery included preeclampsia, 
emergency cesarean section, and dystocia. Neonatal 
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outcomes included LGA, SGA, macrosomia, low birth 
weight, premature delivery, stillbirth, fetal malformation, 
and neonatal hypoglycemia.

Preeclampsia is defined as the occurrence of blood 
pressure >140/90 mmHg and proteinuria >300 mg/day 
after 20 weeks of pregnancy. Preterm birth is defined as the 
number of live birth weeks of pregnancy greater than 28 
weeks and less than 37 weeks, and stillbirth is defined as the 
intrauterine death of the fetus after 20 weeks of pregnancy. 
LGA is defined as the 90th percentile of fetal birth weight 
greater than the average weight at the same gestational 
age, and SGA is defined as the 10th percentile of fetal birth 
weight less than the average weight at the same gestational 
age. The birth weight of newborns in 2020 was assessed 
according to the SGA Chinese birth age (15). Macrosomia is 
defined as birth weight >4,000 g, low birth weight is defined 
as birth weight <2,500 g, and neonatal hypoglycemia is 
defined as blood glucose <2.6 mmol/L at birth (16).

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by Shengjing Hospital of China Medical 
University Ethics Committee (No. 2022PS629K), and 
individual consent for this retrospective analysis was waived.

Assessment of FPG variability

Part ic ipants  who had  a t  l eas t  four  venous  FPG 
measurements between the diagnosis of ODM or GDM at 
24–28 weeks of gestation and delivery, and whose interval 
between two adjacent venous FPG monitoring was greater 
than 7 days were finally included in the calculation of FPG 
changes. The individual mean and SD of all the recorded 
FPG measurements were calculated for each included 
object. FPG-CV is defined as the average value of FPG-
SD/FPG × 100%, which was used as the evaluation index of 
FPG variability.

FPG-VIM was defined as 100 × SD/mean β, where β is 
the regression coefficient, based on the natural log (ln) of 
the SD over the ln of the mean (8).

Statistical analysis

For the analysis of general data, the continuity variables 
were tested for normality, and the conformance test was 
compared by analysis of variance, which was expressed 
as the mean ± SD. The non-parametric test was used to 
compare the non-conforming normal distribution, which 
was expressed as the median and quartile. Categorical 

variables were compared using the chi-squared test and 
expressed as frequencies (percentages). All patients were 
divided into four groups based on the quartile of FPG-CV 
(group Q1: < P25; group Q2: P25–P50; group Q3: P50–P75; 
group Q4: > P75). The chi-square test or Fisher’s exact test 
was used to compare the relationship between maternal and 
infant outcomes in the four groups of FPG-CV.

Univariate binary logistic regression was used to evaluate 
the relationship between FPG-CV and the maternal and 
infant outcomes. Two multivariate binary logistic regression 
models were used to adjust for confounding factors. The 
first model was adjusted for age and BMI. The second 
model was adjusted for SBP, DBP, 2-hour postprandial 
blood glucose, triglyceride, cholesterol, HDL-C, LDL-C, 
family history, and abortion history based on the first model. 
Subgroup analysis was performed according to the HbA1c 
levels (≥5.9% and <5.9%) and insulin injection (unused 
and used) in the third trimester. The receiver operating 
characteristic (ROC) curve was used to evaluate the ability 
of FPG-CV to identify and predict the maternal and infant 
outcomes related to it, and the prediction limit of FPG-
CV was determined using the Youden index. SPSS software 
version 27 (IBM Corp., Armonk, NY, USA) was applied for 
data sorting and statistical analysis. Odds ratio (OR) reflects 
the correlation strength between a certain exposure and the 
outcome, OR >1, indicating that exposure can promote the 
occurrence of the outcome, or that this factor is a risk factor 
for disease; OR <1, indicating that exposure can inhibit the 
occurrence of outcomes, or that this factor is a protective 
factor for disease; OR =1, indicating that exposure factors 
have no effect on the occurrence of disease. All statistical 
tests were bilateral tests, and statistical significance was set 
at P<0.05.

Results

Participants’ characteristics

A total of 7,145 patients with GDM and diabetes that 
occurred during pregnancy were discharged from the 
Hospital Information System (HIS) Obstetric Inpatient 
Ward of Shengjing Hospital China Medical University 
(Obstetric 1–Obstetric 6) from June 2019 to December 
2021. A total of 608 patients were finally included according 
to the inclusion and exclusion criteria (Figure 1). Table 1 
shows the basic information and clinical characteristics of 
patients with gestational hyperglycemia according to the 
FPG-CV quartile. The FPG-CV values of Q1, Q2, Q3, 
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and Q4 group were <6.01%, 6.01–8.88%, 8.88–11.98%, 
and >11.98%, respectively. The proportion of FPG-SD 
and insulin injections differed among the groups (P<0.05). 
There were no significant differences in other clinical 
features among the GDM patients with different FPG-CV 
quartile arrays.

Comparison of maternal and infant outcomes in different 
FPG-CV quartiles

Patients with hyperglycemia during pregnancy were 
grouped according to the FPG-CV quartile, and the 
maternal and infant outcomes in each group are shown in 
Table 2. The maternal and infant outcomes between each 
group were then compared in pairs, and the results are 
shown in Figure 2. There were differences the in instances 

of preterm birth and preeclampsia among patients with 
hyperglycemia during pregnancy in the different FPG-CV 
quartiles (P<0.05), but there were no significant differences 
in the instances of LGA, SGA, macrosomia, low birth 
weight infants, emergency cesarean section, stillbirth, 
dystocia, fetal malformation, and neonatal hypoglycemia.

Correlation analysis between FPG variability and 
maternal and infant outcomes

Univariate logistic regression analysis showed that FPG-CV 
values were significantly correlated with SGA (OR =1.067, 
P=0.029), low birth weight infants (OR =1.077, P=0.009), 
preterm birth (OR =1.069, P=0.009), and preeclampsia 
(OR =1.159, P<0.001) (Table 3). FPG-SD values were 
significantly correlated with LGA (OR =2.022, P=0.041), 

Using HIS of Shengjing Hospital of China Medical University, 
screening obstetric inpatient wards (Obstetrics Department 1–

Obstetrics Department 6) from June 2019 to December 2021, who 
was discharged and diagnosed with gestational diabetes mellitus, 

pregnancy with hyperglycemia (n=8,261) 

Patients diagnosed with overt diabetes mellitus or gestational 
diabetes mellitus in pregnancy who performed fasting plasma 

glucose monitoring for no less than 4 times in our hospital 
between delivery and delivery (n=933) 

A total of 608 patients with gestational diabetes or overt diabetes 
mellitus were included in this study according to the 2020 CDS 

guidelines (n=608)

A total of 807 patients were able to calculate blood glucose 
variability (n=807) 

Patients with venous fasting 
plasma glucose monitoring less 
than 4 times in our outpatient 

clinic (n=7,328)

1.	 The interval between  
two adjacent intravenous 
fasting plasma glucose is less 
than 7 days (n=105)

2.	 Multiple pregnancy (n=21)

1.	 Incomplete clinical data (n=171)
2.	 Smoking and drinking (n=15)
3.	 Previous history of diabetes in 

pregnancy (n=13)

Figure 1 Study flowchart. HIS, Hospital Information System; CDS, Chinese Diabetes Society.
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low birth weight infants (OR 3.727, P=0.012), preterm birth 
(OR =4.160, P=0.002), and preeclampsia (OR =17.555, 
P<0.001) (Table 4).

We then adjusted for age and BMI (model 1). FPG-
CV remained independently associated with SGA (OR 

=1.066, P=0.032), low birth weight (OR =1.079, P=0.008), 
preterm birth (OR =1.071, P=0.008), and preeclampsia (OR 
=1.152, P<0.001). Also, FPG-SD remained independently 
associated with low birth weight (OR =3.949, P=0.010), 
preterm birth (OR =4.475, P=0.002), and preeclampsia (OR 

Table 1 Baseline data of pregnant hyperglycemia population grouped by the FPG-CV quartile

Variables
Quartile of FPG-CV

P
Q1 (<6.01) Q2 (6.01–8.88) Q3 (8.88–11.98) Q4 (>11.98)

N 152 152 152 152

General data

Age† (years), M [P25, P50] 32 [30, 35] 32.5 [30.0, 36.0] 32 [29, 35] 32 [29, 35] 0.968

BMI† (kg/m2), M [P25, P50] 25.59 [22.52, 28.22] 25.75 [22.76, 28.67] 26.23 [23.01, 29.74] 26.05 [23.45, 29.30] 0.317

SBP† (mmHg), M [P25, P50] 120 [111, 129] 120 [112, 128] 120 [110, 130] 120 [112, 131] 0.587

DBP† (mmHg), M [P25, P50] 78 [69, 84] 78 [68, 85] 80 [69, 86] 80 [70, 88] 0.223

Unipara, n (%) 114 (75.00) 120 (78.95) 122 (80.26) 114 (75.00) 0.591

Blood biochemical indices, M [P25, P50]

Triglyceride† (mmol/L) 3.41 [2.46, 4.79] 3.68 [2.97, 4.69] 4.03 [2.86, 5.20] 3.68 [2.81, 5.37] 0.078

Total cholesterol† (mmol/L) 5.68 [4.86, 6.74] 5.76 [4.85, 6.65] 5.85 [4.99, 6.70] 5.63 [4.70, 6.40] 0.400

HDL-C† (mmol/L) 1.78 [1.45, 2.12] 1.78 [1.51, 2.06] 1.71 [1.40, 1.97] 1.68 [1.43, 1.99] 0.950

LDL-C† (mmol/L) 3.22 [2.47, 3.95] 3.05 [2.43, 3.79] 3.17 [2.49, 3.89] 3.25 [2.54, 3.77] 0.681

Lifestyles, n (%)

Family history 74 (48.68) 75 (49.34) 68 (44.74) 67 (44.08) 0.724

Abortion history 3 (1.97) 1 (0.66) 2 (1.32) 2 (1.32) 0.750

Diabetes-related variables, M [P25, P50]

Mean of FPG† (mmol/L) 4.98 [4.71, 5.24] 4.96 [4.68, 5.26] 4.90 [4.64, 5.23] 4.89 [4.67, 5.29] 0.578

FPG-SD† (mmol/L) 0.23 [0.17, 0.26] 0.37 [0.34, 0.41] 0.51 [0.47, 0.55] 0.75 [0.64, 0.89] <0.001*

2-hour postprandial blood glucose† (mmol/L) 7.65 [7.00, 8.80] 8.10 [6.90, 9.10] 7.85 [6.93, 8.90] 8.10 [6.90, 9.00] 0.544

Medications, n (%)

Insulin 18 (11.84) 17 (11.18) 33 (21.71) 31 (20.39) 0.016*

Oral hypoglycemic drugs 2 (1.32) 3 (1.97) 1 (0.66) 1 (0.66) 0.396

Fetus

Gestational age† (weeks), M [P25, P50] 39.00 [38.32, 39.71] 39.00 [38.29, 39.57] 39.14 [38.43, 40.00] 39.00 [38.04, 39.71] 0.396

Male fetus, n (%) 87 (57.24) 82 (53.95) 81 (53.29) 74 (48.68) 0.518

Fetal weight† (kg), M [P25, P50] 3.34 [3.01, 3.64] 3.36 [3.07, 3.70] 3.37 [3.09, 3.72] 3.36 [3.00, 3.68] 0.588

The quartiles of FPG-CV were divided into four groups according to the quartile method. Group Q1: < P25; group Q2: P25–P50; group Q3: 
P50–P75; group Q4: > P75. Categorical variables are expressed as n (%) and were compared using the chi-square test. †, it does not conform 
to the normal distribution; therefore, it is expressed by the median [interquartile spacing] and was compared using a non-parametric test; 
*, P<0.05. FPG, fasting plasma glucose; CV, coefficient of variation; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic 
blood pressure; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; SD, standard deviation.
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=15.186, P<0.001). Moreover, FPG-CV was consistently 
independently associated with low birth weight (OR 
=1.086, P=0.007), preterm birth (OR =1.069, P=0.012), 
and preeclampsia (OR =1.180, P<0.001). There was no 
notable correlation between LGA, macrosomia, emergency 
cesarean section, stillbirth, dystocia, fetal malformation, 
neonatal hypoglycemia, and FPG-CV in the univariate 
and multivariate logistic regression analyses (P>0.05). 
Moreover, FPG-SD was consistently independently 
associated with low birth weight (OR =4.092, P=0.012), 
preterm birth (OR =4.125, P=0.004), and preeclampsia 
(OR =23.754, P<0.001). In model 2, FPG-VIM was 
significantly correlated with SGA (OR =1.083, P=0.048), 
low birth weight infants (OR =1.123, P=0.004), premature 
delivery (OR =1.101, P=0.006), and preeclampsia (OR 
=1.245, P<0.001) (Table 5).

To reduce the impact of HbA1c on maternal and infant 
outcomes, we further performed subgroup regression 
analysis on the HbA1c level in the third trimester (≥5.9% 
and <5.9%), and the results are shown in Table 6. In the 
multivariate logistic regression models 1 and 2, FPG-
CV was independently and positively correlated with low 
birth weight infants (OR =1.083, P=0.015) in the subgroup 
with HbA1c <5.9%; however, there was no significant 

correlation in the subgroup with HbA1c ≥5.9%. In the 
subgroup with HbA1c ≥5.9%, FPG-CV was independently 
and positively correlated with preterm birth (OR =1.292, 
P=0.013); however, there was no marked correlation in the 
subgroup with HbA1c <5.9%. In the subgroups with HbA1c 
<5.9% and HbA1c ≥5.9%, FPG-CV was independently 
and positively correlated with preeclampsia (OR =1.181, 
P=0.001 vs. OR =1.165, P=0.040).

To reduce the impact of insulin on maternal and infant 
outcomes, we further performed subgroup regression 
analysis on the insulin injection in the third trimester 
(unused and used), and the results are shown in Table 7. In 
the multivariate logistic regression models 1 and 2, FPG-
CV was positively correlated with low birth weight infants 
(OR =1.801, P=0.016) and preterm delivery (OR =1.210, 
P=0.015) in the subgroup using insulin, while there was no 
notable correlation in the subgroup not using insulin. In 
the multivariate logistic regression model 1, FPG-CV was 
independently and positively correlated with preeclampsia 
(OR =1.119, P=0.001 vs. OR =1.300, P=0.001) in the 
subgroups without and with insulin. In model 2, FPG-
CV was still independently and positively correlated with 
preeclampsia in the subgroup without insulin, while there 
was no significant correlation in the subgroup with insulin.

Table 2 Comparison of pregnancy outcomes according to FPG-CV quartile in patients with gestational hyperglycemia

Pregnancy outcomes Q1 (<6.01), n Q2 (6.01–8.88), n Q3 (8.88–11.98), n Q4 (>11.98), n P

Summary† 60 69 69 78 0.231

LGA 35 42 40 43 0.732

SGA 6 8 11 12 0.454

Macrosomia 12 10 15 15 0.679

Low birth weight 7 12 5 15 0.076

Premature delivery 16 10 7 20 0.037*

Preeclampsia 2 4 11 16 0.001*

Urgent cesarean section 12 10 15 15 0.679

Stillbirth 0 1 1 0 0.999

Dystocia 1 3 0 4 0.340

Birth defects 1 2 3 4 0.154

Neonatal hypoglycemia 3 4 7 3 0.742

The quartiles of FPG-CV were divided into four groups according to the quartile method. Group Q1: < P25; group Q2: P25–P50; group Q3: 
P50–P75; group Q4: > P75. 

†, patients with hyperglycemia during pregnancy can have two or more maternal and infant outcomes at the same 
time; *, P<0.05. FPG, fasting plasma glucose; CV, coefficient of variation; LGA, large for gestational age; SGA, small for gestational age.
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Prediction of maternal and infant outcomes by FPG-CV

We used ROC curves to evaluate the ability of FPG-CV to 
identify and predict SGA, low birth weight infants, preterm 
birth, and preeclampsia, and the results are presented in 
Table 8 and Figure 3. For the predictive diagnosis of SGA, 
the optimal FPG-CV boundary value was 7.9, with a 
sensitivity of 78.4% and specificity of 41.7% [area under the 
curve (AUC) =0.587]. For the predictive diagnosis of low 
birth weight infants, the best FPG-CV boundary value was 
14.375, with a sensitivity of 33.3% and specificity of 85.9% 
(AUC =0.564). For the predictive diagnosis of preterm 
delivery, the best FPG-CV boundary value was 14.189, with 
a sensitivity of 34% and specificity of 85.6% (AUC =0.537). 
For the predictive diagnosis of preeclampsia, the optimal 

FPG-CV boundary value was 9.178, with a sensitivity of 
94.9% and a specificity of 44.1% (AUC =0.725).

Discussion

This study showed that FPG-CV, as an evaluation index of 
FPG variability, was associated with SGA, low birth weight 
infants, preterm birth, and preeclampsia in patients with 
hyperglycemia during pregnancy. After excluding other 
conventional risk factors, FPG-CV was associated with low 
birth weight infants, preterm birth, and preeclampsia. Our 
results suggest that patients with gestational hyperglycemia 
should undergo regular routine monitoring of FPG from 
diagnosis to delivery, and the impact of blood glucose 
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Table 3 Logistic regression was used to evaluate the relationship between FPG-CV and maternal and infant outcomes in patients with gestational 
hyperglycemia

Dependent variables
Univariate Model 1a Model 2b

OR (95% CI) P OR (95% CI) P OR (95% CI) P

LGA 1.023 (0.987–1.060) 0.222 1.017 (0.981–1.055) 0.367 1.018 (0.980–1.056) 0.362

SGA 1.067 (1.007–1.130) 0.029* 1.066 (1.006–1.129) 0.032 1.055 (0.993–1.121) 0.083

Macrosomia 1.015 (0.960–1.073) 0.600 1.006 (0.951–1.065) 0.830 1.007 (0.948–1.070) 0.821

Low birth weight 1.077 (1.018–1.138) 0.009* 1.079 (1.020–1.141) 0.008* 1.086 (1.023–1.152) 0.007*

Premature delivery 1.069 (1.016–1.124) 0.009* 1.071 (1.019–1.127) 0.008* 1.069 (1.015–1.127) 0.012*

Preeclampsia 1.159 (1.092–1.229) <0.001* 1.152 (1.085–1.222) <0.001* 1.180 (1.091–1.276) <0.001*

Urgent cesarean section 1.048 (0.995–1.104) 0.076 1.047 (0.994–1.104) 0.082 1.045 (0.989–1.103) 0.118

Stillbirth 1.004 (0.759–1.328) 0.978 0.994 (0.745–1.326) 0.965 1.050 (0.736–1.499) 0.787

Dystocia 1.019 (0.892–1.166) 0.778 1.025 (0.894–1.174) 0.723 1.034 (0.905–1.182) 0.622

Birth defects 1.083 (0.983–1.193) 0.107 1.084 (0.984–1.194) 0.103 1.116 (0.999–1.246) 0.052

Neonatal hypoglycemia 1.028 (0.939–1.126) 0.545 1.021 (0.932–1.118) 0.657 1.026 (0.936–1.124) 0.589

The correlation between FPG-CV and LGA, SGA, macrosomia, low birth weight infants, premature delivery, preeclampsia, emergency 
cesarean section, stillbirth, dystocia, fetal malformation, and neonatal hypoglycemia was examined using binary logistic regression 
analysis. a, adjusted for age and BMI index; b, SBP, DBP, 2-hour postprandial blood glucose, triglyceride, cholesterol, HDL-C, LDL-C, 
family history, and abortion history were further adjusted; *, P<0.05. Multivariate binary logistic regression was used for models 1 and 2. 
FPG, fasting plasma glucose; CV, coefficient of variation; OR, odds ratio; CI, confidence interval; LGA, large for gestational age; SGA, 
small for gestational age; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C, high-density 
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.

Table 4 Logistic regression was used to evaluate the relationship between FPG-SD and maternal and infant outcomes in patients with gestational 
hyperglycemia

Dependent variables
Univariate Model 1a Model 2b

OR (95% CI) P OR (95% CI) P OR (95% CI) P

LGA 2.022 (1.030–3.969) 0.041* 1.754 (0.884–3.481) 0.108 1.783 (0.881–3.607) 0.108

SGA 2.682 (0.897–8.021) 0.077 2.635 (0.871–7.976) 0.086 2.101 (0.668–6.606) 0.204

Macrosomia 1.467 (0.519–4.147) 0.469 1.185 (0.406–3.463) 0.756 1.241 (0.389–3.954) 0.715

Low birth weight 3.727 (1.332–10.428) 0.012* 3.949 (1.391–11.208) 0.010* 4.092 (1.365–12.267) 0.012*

Premature delivery 4.160 (1.668–10.380) 0.002* 4.475 (1.766–11.335) 0.002* 4.125 (1.567–10.864) 0.004*

Preeclampsia 17.555 (6.034–51.075) <0.001* 15.186 (5.191–44.428) <0.001* 23.754 (5.813–97.067) <0.001*

Urgent cesarean section 2.532 (0.967–6.624) 0.058 2.483 (0.940–6.563) 0.067 2.238 (0.812–6.169) 0.120

Stillbirth 0.418 (0.001–211.507) 0.784 0.335 (0.001–204.673) 0.738 0.463 (0.000–563.751) 0.832

Dystocia 1.106 (0.077–15.784) 0.941 1.275 (0.087–18.712) 0.859 1.469 (0.107–20.133) 0.773

Birth defects 4.354 (0.740–25.618) 0.104 4.477 (0.755–26.547) 0.099 7.489 (1.008–55.640) 0.049*

Neonatal hypoglycemia 2.083 (0.411–10.555) 0.376 1.730 (0.340–8.798) 0.509 1.962 (0.374–10.289) 0.425

The correlation between FPG-SD and LGA, SGA, macrosomia, low birth weight infants, premature delivery, preeclampsia, emergency 
cesarean section, stillbirth, dystocia, fetal malformation, and neonatal hypoglycemia was investigated using binary logistic regression 
analysis. a, adjusted for age and BMI index; b, SBP, DBP, 2-hour postprandial blood glucose, triglyceride, cholesterol, HDL-C, LDL-C, 
family history, and abortion history were further adjusted; *, P<0.05. Multivariate binary logistic regression was used for models 1 and 2. 
FPG, fasting plasma glucose; SD, standard deviation; OR, odds ratio; CI, confidence interval; LGA, large for gestational age; SGA, small 
for gestational age; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein 
cholesterol; LDL-C, low-density lipoprotein cholesterol.
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fluctuation on adverse outcomes in mothers and infants 
should be considered in the clinical treatment of patients 
with gestational hyperglycemia.

In recent decades, the incidence rate of GDM has been 
increasing, with a rate of approximately 14% worldwide in 
2017 (17). A meta-analysis of the prevalence of GDM in 
East and Southeast Asia in 2018 showed that the prevalence 
of GDM in China was 11.91% (18). With the complete 
implementation of the “two-child policy” in China in 
January 2016, the number of older adults and overweight or 
obese pregnant women increased significantly, which further 
increased the number of patients with hyperglycemia during 
pregnancy (19). A retrospective study involving 79,064 
Chinese participants showed that the total prevalence of 
GDM in mainland China was 14.8% (20). There is sufficient 
evidence that hyperglycemia during pregnancy can increase 
the risk of adverse pregnancy outcomes in mothers and their 
offspring in both the short and long term compared with 
normal pregnant women (1). A recent systematic review 
in South Asia showed that GDM is positively correlated 
with the occurrence of preeclampsia and has an impact on 

the occurrence of macrosomia, neonatal hyperglycemia, 
intrauterine growth retardation, stillbirth, and low birth 
weight (21). Some studies on LGA in China have shown 
that the incidence of LGA in patients with GDM ranges 
from 10–47.3% (22,23). In this study, the incidence of 
LGA in patients with hyperglycemia was 26.3%, and no 
correlation was observed between FPG-CV and FPG-CV. A 
higher incidence rate was considered for gestational weight 
gain, and BMI was associated with its occurrence (24). It 
is well known that hyperglycemia will increase the risk of 
macrosomia. In this study, the incidence of macrosomia in 
patients with gestational hyperglycemia was 8.5%, which 
was not related to FPG-CV. Also, the incidence of low birth 
weight infants was 6.4%. The possible reason related to 
FPG-CV is that pregnant women with high blood sugar 
and large fluctuations usually reduce their diet. Excessive 
diet control may cause malnutrition, and poor blood sugar 
control may affect the growth and development of the 
fetus. These factors may lead to a small fetus and poor 
development. The results of subgroup analysis regarding 
whether to use insulin in this study showed that after 

Table 5 Logistic regression was used to evaluate the relationship between FPG-VIM and maternal and infant outcomes in patients with 
gestational hyperglycemia

Dependent variables
Univariate Model 1a Model 2b

OR (95% CI) P OR (95% CI) P OR (95% CI) P

LGA 1.023 (0.976–1.072) 0.340 1.014 (0.967–1.063) 0.573 1.014 (0.966–1.065) 0.575

SGA 1.097 (1.018–1.182) 0.015* 1.096 (1.017–1.182) 0.017* 1.083 (1.001–1.172) 0.048*

Macrosomia 1.014 (0.942–1.091) 0.712 1.001 (0.929–1.079) 0.979 0.999 (0.923–1.081) 0.981

Low birth weight 1.105 (1.028–1.188) 0.007* 1.110 (1.031–1.195) 0.006* 1.123 (1.038–1.216) 0.004*

Premature delivery 1.095 (1.025–1.169) 0.007* 1.100 (1.029–1.175) 0.005* 1.101 (1.028–1.181) 0.006*

Preeclampsia 1.214 (1.123–1.312) <0.001* 1.201 (1.111–1.298) <0.001* 1.245 (1.122–1.382) <0.001*

Urgent cesarean section 1.062 (0.992–1.137) 0.084 1.060 (0.990–1.136) 0.095 1.057 (0.984–1.136) 0.128

Stillbirth 1.002 (0.694–1.447) 0.991 0.991 (0.678–1.448) 0.961 1.072 (0.663–1.733) 0.776

Dystocia 1.029 (0.865–1.225) 0.743 1.039 (0.870–1.241) 0.673 1.051 (0.883–1.252) 0.573

Birth defects 1.117 (0.984–1.266) 0.086 1.119 (0.985–1.271) 0.083 1.161 (1.006–1.340) 0.041*

Neonatal hypoglycemia 1.055 (0.942–1.182) 0.354 1.042 (0.930–1.167) 0.477 1.046 (0.933–1.173) 0.437

The correlation between FPG-VIM and LGA, SGA, macrosomia, low birth weight infants, premature delivery, preeclampsia, emergency 
cesarean section, stillbirth, dystocia, fetal malformation, and neonatal hypoglycemia was studied using binary logistic regression analysis. 
a, adjusted for age and BMI index; b, SBP, DBP, 2-hour postprandial blood glucose, triglyceride, cholesterol, HDL-C, LDL-C, family history, 
and abortion history were further adjusted; *, P<0.05. Multivariate binary logistic regression was used for models 1 and 2. OR, odds ratio; 
CI, confidence interval; FPG, fasting plasma glucose; VIM, variability independent of the mean; LGA, large for gestational age; SGA, small 
for gestational age; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein 
cholesterol; LDL-C, low-density lipoprotein cholesterol.
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eliminating the influence of confounding factors, FPG-
CV had an independent positive correlation with low birth 
weight infants (model 1: OR =1.324, P=0.003; model 2: 
OR =1.801, P=0.016) and preterm labor (model 1: OR 
=1.170, P=0.013; model 2: OR =1.210, P=0.015). A possible 
reason for this was that the hyperglycemic pregnant women 
who used insulin in this study had poor blood glucose 
control, which in turn increased the risk of low fetal weight 
and premature delivery. At the same time, the research 
participants included in this study were obstetric inpatients 

at our hospital. The sample size was large, the pregnancy 
situation of the inpatients was more complex, and the 
incidence of maternal and infant outcomes was higher, 
which can explain the high incidence of LGA in this study. 
There were differences between the maternal and infant 
outcomes and those of the research group. The research 
group included endocrine outpatients in our hospital for 
prospective research, and our research included obstetric 
inpatients. So, the different results may be related to the 
patient group.

Table 6 Subgroup regression analysis stratified by the level of HbA1c

Dependent variables
Univariate Model 1a Model 2b

OR (95% CI) P OR (95% CI) P OR (95% CI) P

LGA

HbA1c <5.9% 1.013 (0.970–1.057) 0.558 1.008 (0.965–1.053) 0.716 1.003 (0.961–1.047) 0.897

HbA1c ≥5.9% 1.033 (0.962–1.111) 0.370 1.031 (0.958–1.109) 0.415 1.006 (0.963–1.052) 0.779

SGA

HbA1c <5.9% 1.073 (1.009–1.141) 0.024* 1.071 (1.007–1.139) 0.029* 1.066 (0.999–1.138) 0.054

HbA1c ≥5.9% 1.041 (0.871–1.244) 0.658 1.054 (0.873–1.273) 0.584 1.052 (0.848–1.305) 0.645

Macrosomia

HbA1c <5.9% 1.022 (0.951–1.098) 0.561 1.017 (0.945–1.094) 0.658 1.015 (0.936–1.101) 0.719

HbA1c ≥5.9% 0.985 (0.900–1.079) 0.750 0.977 (0.891–1.072) 0.622 1.000 (0.907–1.102) 0.999

Low birth weight

HbA1c <5.9% 1.087 (1.024–1.155) 0.006* 1.080 (1.016–1.148) 0.014* 1.083 (1.016–1.154) 0.015*

HbA1c ≥5.9% 1.079 (1.015–1.146) 0.014* 1.083 (0.934–1.256) 0.289 1.101 (0.926–1.309) 0.278

Premature delivery

HbA1c <5.9% 1.055 (0.996–1.117) 0.067 1.056 (0.997–1.118) 0.065 1.057 (0.997–1.121) 0.063

HbA1c ≥5.9% 1.128 (1.005–1.264) 0.040* 1.158 (1.020–1.314) 0.023* 1.292 (1.057–1.580) 0.013*

Preeclampsia

HbA1c <5.9% 1.147 (1.072–1.228) <0.001* 1.143 (1.068–1.224) <0.001* 1.181 (1.076–1.295) 0.001*

HbA1c ≥5.9% 1.174 (1.047–1.316) 0.006* 1.177 (1.044–1.327) 0.008* 1.165 (1.007–1.349) 0.040*

Urgent cesarean section

HbA1c <5.9% 1.046 (0.986–1.109) 0.133 1.042 (0.982–1.105) 0.172 1.030 (0.970–1.095) 0.335

HbA1c ≥5.9% 1.056 (0.940–1.185) 0.359 1.073 (0.948–1.215) 0.264 1.108 (0.952–1.289) 0.186

The correlation between FPG-CV and LGA, SGA, macrosomia, low birth weight infants, premature delivery, preeclampsia, emergency 
cesarean section, stillbirth, dystocia, fetal malformation, and neonatal hypoglycemia was studied using binary logistic regression analysis. 
a, adjusted for age and BMI index; b, SBP, DBP, 2-hour postprandial blood glucose, triglyceride, cholesterol, HDL-C, LDL-C, family 
history, and abortion history were further adjusted; *, P<0.05. Multivariate binary logistic regression was used for models 1 and 2. HbA1c, 
hemoglobin A1c; OR, odds ratio; CI, confidence interval; LGA, large for gestational age; SGA, small for gestational age; BMI, body mass 
index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density 
lipoprotein cholesterol.
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Table 7 Subgroup regression analysis stratified by insulin injection

Dependent variables
Univariate Model 1a Model 2b

OR (95% CI) P OR (95% CI) P OR (95% CI) P

LGA

Insulin (unused) 1.010 (0.970–1.052) 0.624 1.002 (0.962–1.044) 0.920 1.000 (0.958–1.044) 0.994

Insulin (used) 1.069 (0.981–1.165) 0.126 1.075 (0.985–1.174) 0.105 1.064 (0.967–1.171) 0.202

SGA

Insulin (unused) 1.062 (0.996–1.131) 0.064 1.065 (0.998–1.136) 0.056 1.052 (0.984–1.124) 0.138

Insulin (used) 1.103 (0.947–1.285) 0.207 1.137 (0.948–1.363) 0.165 1.615 (0.979–2.665) 0.061

Macrosomia

Insulin (unused) 1.023 (0.964–1.086) 0.454 1.013 (0.953–1.076) 0.686 1.007 (0.943–1.074) 0.844

Insulin (used) 0.981 (0.836–1.151) 0.811 0.980 (0.832–1.155) 0.811 0.993 (0.844–1.169) 0.936

Low birth weight

Insulin (unused) 1.039 (0.973–1.110) 0.250 1.037 (0.969–1.109) 0.296 1.043 (0.973–1.118) 0.237

Insulin (used) 1.315 (1.106–1.564) 0.002* 1.324 (1.100–1.593) 0.003* 1.801 (1.114–2.912) 0.016*

Premature delivery

Insulin (unused) 1.034 (0.972–1.100) 0.286 1.031 (0.969–1.097) 0.340 1.029 (0.996–1.095) 0.377

Insulin (used) 1.170 (1.045–1.309) 0.006* 1.170 (1.034–1.325) 0.013* 1.210 (1.037–1.412) 0.015*

Preeclampsia

Insulin (unused) 1.127 (1.055–1.203) <0.001* 1.119 (1.047–1.196) 0.001* 1.127 (1.034–1.227) 0.006*

Insulin (used) 1.266 (1.100–1.458) 0.001* 1.300 (1.115–1.515) 0.001* 104109.914 (0.000–)# 0.984

Urgent cesarean section

Insulin (unused) 1.030 (0.967–1.097) 0.361 1.029 (0.966–1.096) 0.378 1.021 (0.958–1.089) 0.516

Insulin (used) 1.081 (0.970–1.204) 0.159 1.078 (0.996–1.203) 0.182 1.140 (0.990–1.314) 0.068

The correlation between FPG-CV and LGA, SGA, macrosomia, low birth weight infants, premature delivery, preeclampsia, emergency 
cesarean section, stillbirth, dystocia, fetal malformation, and neonatal hypoglycemia was studied using binary logistic regression analysis. 
a, adjusted for age and BMI index; b, SBP, DBP, 2-hour postprandial blood glucose, triglyceride, cholesterol, HDL-C, LDL-C, family history, 
and abortion history were further adjusted; *, P<0.05; #, the large OR value is due to the large deviation between the two groups of sample 
data. Multivariate binary logistic regression was used for models 1 and 2. OR, odds ratio; CI, confidence interval; LGA, large for gestational 
age; SGA, small for gestational age; FPG, fasting plasma glucose; CV, coefficient of variation; BMI, body mass index; SBP, systolic blood 
pressure; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.

Table 8 An ROC curve was used to evaluate the predictive effect of FPG-CV on maternal and infant outcomes

Dependent variables AUC 95% CI lower limit 95% CI upper limit Sensitivity Specificity Best cutoff point

SGA 0.587 0.495 0.679 0.784 0.417 7.900

Low birth weight 0.564 0.462 0.667 0.333 0.859 14.375

Premature delivery 0.537 0.443 0.632 0.340 0.856 14.189

Preeclampsia 0.725 0.644 0.805 0.949 0.441 9.178

ROC, receiver operating characteristics; FPG, fasting plasma glucose; CV, coefficient of variation; AUC, area under the curve; CI, 
confidence interval; SGA, small for gestational age.
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In order to reduce the adverse consequences caused 
by poor blood glucose control, we use blood GV, a new 
evaluation index of blood glucose control (11,12). Studies 
have shown that blood GV is closely related to the 
occurrence of adverse obstetric outcomes (4-6). However, 
some studies have reported no correlation between blood 
GV and adverse outcomes in mothers and infants (25). 
Panyakat et al. conducted a 72-h continuous glucose 
monitoring (CGM) on GDM women in the third trimester 
of pregnancy. The study showed no correlation between 
blood GV and adverse pregnancy outcomes (25). As a 
traditional monitoring index, FPG level is closely related 
to maternal and infant outcomes. Continuous fasting 
hyperglycemia is more likely to lead to adverse maternal and 
infant outcomes in patients with gestational hyperglycemia 

(8,26). FPG in early pregnancy can predict the occurrence 
of LGA and is positively correlated with it (27). However, 
there are few studies on the correlation between FPG-
CV and maternal and infant outcomes in patients with 
gestational hyperglycemia. This study showed that FPG-CV 
was positively correlated with SGA, low birth weight infants, 
preterm birth, and preeclampsia in patients with gestational 
hyperglycemia. After adjusting for common confounding 
factors, FPG-CV was still independently associated with 
the occurrence of low birth weight infants, preterm birth, 
and preeclampsia. Studies have shown that CGM can 
better measure the blood glucose levels of pregnant women 
and accurately determine blood GV. Compared to self-
monitoring of blood glucose (SMBG), CGM can also reduce 
the occurrence of preeclampsia (4,28,29). However, in 
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current relevant studies, CGM was used from 72 h to 7 days, 
and the sample size was small. Few studies have obtained 
blood glucose values throughout pregnancy, and CGM 
is expensive and difficult to popularize (30). The use of 
SMBG makes it easier to obtain the FPG-CV values during 
pregnancy; it only requires the pricking of a finger every day 
to measure the blood glucose levels, and has the advantages 
of low price, convenient operation, and is a popular way to 
measure blood glucose levels.

HbA1c has high specificity and low sensitivity and 
can reflect the average blood glucose level in the past  
2–3 months. Studies have shown that HbA1c can predict the 
occurrence of adverse reactions in women with GDM (31).  
Moreover, women with GDM with HbA1c levels ≥5.9% 
have a higher risk of preeclampsia, premature delivery, 
and neonatal admission to the neonatal intensive care unit 
(NICU) (32). Barbry et al. revealed that HbA1c ≥5.9% 
increases the risk of premature delivery in women with 
GDM (14). Considering the effect of HbA1c level on 
maternal and infant outcomes, we adjusted for HbA1c bias. 
Based on our findings, after adjusting for HbA1c levels in 
patients with hyperglycemia during pregnancy, FPG-CV 
was independently associated with preeclampsia. FPG-CV  
was also positively correlated with SGA and low birth 
weight infants when HbA1c levels in the third trimester of 
pregnancy were <5.9%.

To better predict the occurrence of maternal and infant 
outcomes, this study further evaluated the ability of FPG-
CV to identify and predict SGA, low birth weight infants, 
preterm birth, and preeclampsia. Patients with gestational 
hyperglycemia who had an FPG-CV value >9.178 were 
more likely to develop preeclampsia. However, few studies 
have investigated the correlation between FPG-CV and 
maternal and infant outcomes in patients with gestational 
hyperglycemia from diagnosis to delivery and we discovered 
that there was no accurate reference range for FPG-CV. 
In the future, a larger sample size and more standardized 
correlation studies are needed to determine the actual 
impact of FPG-CV during pregnancy on maternal and 
infant outcomes. It is also important to control blood 
GV to improve maternal and infant outcomes in patients 
with gestational hyperglycemia. Inositol supplementation 
during pregnancy can effectively reduce insulin resistance 
and stabilize blood GV in women with GDM (33). With 
increasing gestational age, insulin resistance also gradually 
increases. The rational application of hypoglycemic 
treatment can stabilize blood glucose levels in patients with 
hyperglycemia during pregnancy (34). However, the effects 

of different hypoglycemic regimens on blood GV and 
maternal and infant outcomes should be studied further.

Our study had several limitations that should be 
noted. Firstly, the measurement of FPG was based on 
the retrospective acquisition of venous FPG during 
obstetric hospitalization. The frequency and interval of 
FPG measurements varied from person to person and the 
differences in this regard have not been resolved. Therefore, 
we cannot rule out the impact of the rising and falling 
trends of FPG during pregnancy on the outcome; however, 
we did not find an appropriate index to define whether 
the FPG during pregnancy is rising or falling. Secondly, 
patients who measured the total number of FPG ≥4 times 
during pregnancy paid more attention to their own blood 
glucose control, and the degree of blood glucose control 
was relatively good, which would have produced a certain 
bias. Finally, considering that there were many groups 
of adverse outcomes in this study and the incidence of 
adverse outcomes (such as fetal malformation and neonatal 
hypoglycemia) was low, a larger sample size is needed to 
confirm the actual impact of blood GV on the outcome.

Conclusions

Our study showed that FPG-CV, as an evaluation index 
of FPG variability, was independently associated with low 
birth weight infants, preterm birth, and preeclampsia in 
patients with gestational hyperglycemia. After adjusting for 
the effect of HbA1c, FPG-CV was independently associated 
with the occurrence of preeclampsia and was also positively 
correlated with SGA and low birth weight infants when 
the HbA1c levels in the third trimester of pregnancy were 
<5.9%. An FPG-CV value greater than 9.178 showed good 
sensitivity and specificity for predicting preeclampsia in 
patients with gestational hyperglycemia.
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