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Background: To investigate the potential predictors of insulin treatment during pregnancy
and abnormal postpartum glucose metabolism in gestational diabetes mellitus (GDM).
Methods: A total of 534 patients with GDM, who were diagnosed based on 75 g oral glucose
tolerance test (OGTT) during pregnancy, were divided into the diet group (n=354) and insulin
group (n=180) according to the treatment of hyperglycemia in pregnancy. Based on 75
g OGTT after delivery, 178 of the 534 patients were divided into the normal glucose tolerance
(NGT; n=104) and the abnormal glucose tolerance (AGT; n=74) groups. Characteristics and
metabolic indicators were compared. Logistic regression analysis was developed to assess the
potential predictors of insulin treatment and abnormal postpartum glucose metabolism.
Receiver operating characteristic curve was performed to determine the cut-off values.
Results: Fasting plasma glucose (FPG), 1 h plasma glucose, and hemoglobin Alc (HbAlc)
at GDM diagnosis were higher in the insulin group compared with the diet group (P <0.05).
FPG, 1 h plasma glucose, HbAlc, maternal age, pre-gestational weight and maximum
weight, pre-gestational body mass index, maternal birth weight, family history of diabetes
in first-degree relatives, acanthosis nigricans, and prenatal weight were risk factors for
insulin treatment (P <0.05), and the cut-offs of FPG, 1 h plasma glucose and HbAlc were
5.7 mmol/L, 11.4 mmol/L and 5.3%. Simultaneously, FPG at GDM diagnosis, insulin
treatment during pregnancy, maternal age, family history of diabetes in first-degree relatives,
acanthosis nigricans, and prenatal weight were risk factors of abnormal postpartum glucose
metabolism (P <0.05), and the cut-off of FPG was 5.7 mmol/L.

Conclusion: Patients with FPG >5.7 mmol/L, 1 h plasma glucose >11.4 mmol/L, or HbAlc
>5.3% at GDM diagnosis required insulin treatment, and patients with FPG >5.7 mmol/L had
a greater risk of abnormal postpartum glucose metabolism. FPG at GDM diagnosis was the
most important predictor.
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Plain Language Summary

Gestational diabetes mellitus (GDM) is the most common hyperglycemia in pregnancy and
could result in short-term and long-term adverse outcomes for both the fetus and mother.
Most patients with GDM can achieve normal blood glucose levels through diet and exercise
management, with only 20-30% requiring drug treatment. Furthermore, the majority of
GDM return to normal blood glucose levels after delivery, with only a few patients retaining
high levels. However, few people screen for glucose metabolism after delivery, and the lower
screening rate has resulted in the untimely discovery of blood glucose abnormalities.
Therefore, it is crucial for clinicians to identify high-risk populations who require insulin
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treatment during pregnancy and have abnormal postpartum blood
glucose levels based on their characteristics and metabolic indi-
cators. We found that fasting plasma glucose (FPG), 1 h plasma
glucose, and hemoglobin Alc (HbAlc) at GDM diagnosis,
maternal age, pre-gestational weight and maximum weight, pre-
gestational body mass index, maternal birth weight, family his-
tory of diabetes in first-degree relatives, acanthosis nigricans, and
prenatal weight were risk factors for insulin treatment during
pregnancy. Simultaneously, FPG at GDM diagnosis, insulin treat-
ment during pregnancy, maternal age, family history of diabetes
in first-degree relatives, acanthosis nigricans, and prenatal weight
were risk factors of abnormal postpartum glucose metabolism.
Patients with FPG >5.7 mmol/L, 1 h plasma glucose >11.4
mmol/L, or HbAlc >5.3% at GDM diagnosis required insu-
lin treatment during pregnancy, and patients with FPG >5.7
mmol/L had a greater risk of abnormal postpartum glucose
metabolism.

Introduction

Gestational diabetes mellitus (GDM) refers to glucose
intolerance that is first discovered or occurred during
pregnancy, and it is the most common hyperglycemia in
pregnancy.' Several studies have demonstrated that hyper-
glycemia in pregnancy could result in short-term and long-
term adverse outcomes for both the mother and fetus.”
Therefore, it is very crucial to precisely manage blood

glucose during pregnancy. Current guidelines™*

recom-
mended that blood glucose levels should be as close to
the normal levels as possible without hypoglycemia.

In contrast to patients with pre-gestational diabetes
who mostly require insulin treatment during pregnancy,
most patients with GDM can achieve normal blood glu-
cose levels through diet and exercise management, with
only 20-30% requiring drug treatment.” Pregnancy was
associated with lots of biochemical changes. The insulin
sensitivity decreased by 50-70% during pregnancy and
was usually compensated by an increase in insulin secre-
tion by 200% to maintain euglycemia.® As a temporary
organ formed during pregnancy, the placenta is not just the
only interface connecting the mother and fetus, but also
has important endocrine function. Placenta-derived hor-
mones antagonize insulin and increase insulin resistance,
which in turn lead to GDM.”* However, the majority of
GDM patients return to normal blood glucose levels after
delivery, with only a few patients retaining high levels.
Kim et al.” reviewed 28 postpartum follow-up studies in
patients with GDM from 1965 to 2001 and found that the
cumulative incidence of diabetes at 6 weeks to 28 years
after delivery increased from 2.6% to more than 70%,

especially within 5 years. GDM was the most important
risk factor of developing diabetes in the future, and the
risk of type 2 diabetes mellitus (T2DM) in GDM patients
was 7.43 times than that of non-pregnant women.'’
However, only a few GDM patients were currently
screened for diabetes after delivery. The screening rate
was less than 50% at 6-12 weeks postpartum,'’ and the
long-term follow-up rate was even less than 20%.'* This
lower screening rate has resulted in the untimely discovery
of blood glucose abnormalities. When discovered, these
alterations have become severely abnormal and may even
have progressed to diabetes.

Therefore, it is crucial for clinicians to identify high-risk
populations who require insulin treatment during pregnancy
and have abnormal postpartum blood glucose levels based
on their characteristics and metabolic indicators, recom-
mend insulin treatment in time to strictly manage blood
glucose, give them some warnings and urge them to
undergo screening to prevent T2DM. In the present study,
patients with GDM were enrolled to explore the potential
predictors of insulin requirement during pregnancy and risk

factors affecting abnormal postpartum glucose metabolism.

Materials and Methods
Patients with GDM

Between June 2015 and October 2018, pregnant women
who were at the endocrinology outpatient clinic of
Shengjing Hospital affiliated to China Medical University
with no adverse outcomes, were recruited. None of them
had previous type 1 and type 2 diabetes, any other diseases
affecting blood glucose levels, including hyperthyroidism,
Cushing syndrome, and pancreatitis, and acute complica-
tions such as diabetic ketoacidosis and severe heart, liver,
and kidney disease. This study was conducted in accor-
dance with the Declaration of Helsinki and approved by
the ethics committee of Shengjing Hospital affiliated to
China Medical University. All the participants provided
written informed consent.

Finally, a total of 534 patients with GDM, who were
diagnosed based on the 75 g oral glucose tolerance test
(OGTT)
Furthermore, based on the 75 g OGTT results screened
for glucose metabolism after delivery in our hospital, 178
of the 534 patients with GDM were further divided into
the normal glucose tolerance (NGT; n=104) group and the

results during pregnancy, were recruited.

abnormal glucose tolerance (AGT; n=74) group.
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Diagnostic Criteria

Pregnant women were diagnosed with GDM if one or more
of the following 75 g OGTT results were met: 5.1 mmol/L
< fasting plasma glucose (FPG) <7.0 mmol/L, 1 h plasma
glucose >10.0 mmol/L, and 8.5 mmol/L <2 h plasma glu-
cose <11.I mmol/L.>"

World Health Organization (WHO) criteria'® were used
to assess postpartum glucose metabolism of subjects.
Impaired fasting glucose (IFG) was defined as FPG >6.1-
<7.0 mmol/L and 2 h plasma glucose <7.8 mmol/L.
Impaired glucose tolerance (IGT) was defined as FPG
<6.1 mmol/L and 2 h plasma glucose >7.8—<11.1 mmol/L.
Subjects with IFG and/or IGT were considered prediabetic.
Subjects with typical symptoms of diabetes and FPG >7.0
mmol/L, or 2 h plasma glucose >11.1 mmol/L, or random
venous blood glucose >11.1 mmol/L were diagnosed with
T2DM. Subjects without typical symptoms of diabetes were
tested again on the following day; if the results were con-
firmed, the subjects were diagnosed with T2DM.

Clinical Data and Observation Indicators
Collected clinical data included maternal age, height, pre-
gestational weight, history of polycystic ovary syndrome,
history of menstruation, family history of diabetes in first-
or second-degree relatives, acanthosis nigricans, parity, the
number and causes of previous adverse pregnancy out-
comes, obstetric complications, insulin treatment during
pregnancy, prenatal weight, delivery time and methods,
birth weight, gender, and feeding methods of newborns.
Pre-gestational body mass index (BMI) was calculated as
weight (kg)/height® (m?). Low birth weight infant referred
to newborns with birth weight <2500 g, and macrosomia
were newborns with birth weight >4000 g.

At the first visit during pregnancy, alanine aminotransfer-
ase, aspartate aminotransferase, and alkaline phosphatase
were measured using serial detection (OLYMPUS AUS5800,
China); y-glutamine transferase was measured using the JSCC
method (OLYMPUS AU5400, Japan); triglyceride (TG), high
density lipoprotein-cholesterol (HDL-C) and low density lipo-
protein-cholesterol (LDL-C) were measured using the
enzyme method (OLYMPUS AUS5400, Japan); and thyroid
stimulating hormone (TSH), free triiodothyronine (FT3), free
thyroxine (FT4), thyroid peroxidase antibody (TPOAD) and
thyroglobulin antibody (TgAb) were measured using chemi-
luminescent microparticle immunoassay (Abbott, USA).

The 75 g OGTT was performed as described by the
WHO."" After overnight fasting for at least 10 h, venous

blood samples were collected from all subjects at 08:00
am. FPG was detected using the glucose oxidase method
(OLYMPUS AUS5800, China), and fasting plasma insulin
(FINS) was detected using chemiluminescent microparti-
cle immunoassay (ARCHITECT 12000, China). Glycated
albumin (GA) was detected using the enzymatic method
(OLYMPUS AUS5400, Japan),
(HbA1c) was detected using high performance liquid chro-
matography (VARIANT II, USA). FPG, FINS, GA, and
HbAlc levels were determined from the same blood sam-

and hemoglobin Alc

ple. Similarly, venous blood samples were also collected
1 h and 2 h after drinking 200—300 mL of glucose solution
(containing 75 g glucose powder). The homeostasis model
assessment of insulin resistance (HOMA-IR) was calcu-
lated as [FINS (uU/mL) x FPG (mmol/L)]/22.5."> The
homeostasis model assessment of B cell (HOMA-B) was
calculated as 20 x FINS (uU/mL)/[FPG (mmol/L)-3.5]."
The composite insulin sensitivity index (CISI) was calcu-
lated as 10,000/\ [FPG (mmol/L) x FINS (upU/mL)] x
[meanGLUggrr (mmol/L) x meanINSogrr (uU/mL)],16
and meanGLUpgrt and meanINSogrt represent the aver-
age blood glucose and insulin levels following the
75g OGTT, FPG,
2 h postprandial blood glucose, and GA were evaluated

respectively. During pregnancy,

every 24 weeks; and HbAlc was evaluated every 2-3
months.

Treatment Principles and Measures
Medical nutrition therapy (MNT) was the first-line treat-
ment for all patients with hyperglycemia in pregnancy.
It was individualized with respect to the pre-gestational
BMI of patients. Physical activity included aerobic exer-
cise and resistance exercise, and less than 45 mins
per day was recommended as a reasonable target to all
patients.

The control standard levels for blood glucose during
pregnancy were fingerprick fasting blood glucose
>3.3-5.3 mmol/L, 1 h postprandial blood glucose <7.8
mmol/L, and 2 h postprandial blood glucose <6.7 mmol/
L.* If the glycemic targets were not achieved after 1-2
weeks of lifestyle management, insulin treatment
was initiated along with a continuation of lifestyle

interventions.

Statistical Analysis

Data processing and statistical analysis were performed
using SPSS 22.0 software (IBM, Armonk, NY, USA).
The Kolmogorov—Smirnov test was used to test the
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normality of each variable. Variables with a normal dis-
tribution are presented as mean + standard deviation,
whereas variables with a skewed distribution are
shown as median (interquartile range). For continuous
variables, differences between the groups were analyzed
using Student’s #-test or Mann—Whitney U-test in case
of skewed distribution. Categorical variables were com-
pared using the Chi-square test. Spearman’s rho was
used to explore the correlation between different vari-
ables during pregnancy and postpartum glucose metabo-
lism indicators. Logistic regression models were
developed to assess the potential predictors of insulin
treatment during pregnancy and abnormal postpartum
glucose metabolism in patients with GDM. Receiver
operating characteristic (ROC) curve was performed to
determine the cut-off values in the requirement for insu-
lin treatment during pregnancy and predicting postpar-
tum prediabetes and T2DM. P <0.05 was considered

statistically significant.

Results

Predictors for Insulin Requirement
During Pregnancy in Patients with GDM
Characteristics of Patients with GDM

Of the 534 patients with GDM, glycemic control was
achieved in 354 of them with medical nutrition therapy
only, while in 180 (33.7%) of them required additional insulin

treatment along with a continuation of lifestyle interventions.

Table | Characteristics of Patients with GDM

Maternal age, pre-gestational weight and maximum weight,
pre-gestational BMI, maternal birth weight, neck and armpit
acanthosis nigricans, and prenatal weight in the insulin group
were higher than in the diet group (P <0.05, Table 1).

Comparison of 75 g OGTT and Glucose Metabolism
Indicators During Pregnancy
FPG and 1 h plasma glucose following 75 g OGTT, and
HbA Ic at the time of GDM diagnosis were significantly higher
in the insulin group compared with the diet group (P <0.05,
Table 2). No statistically significant difference in other glucose
metabolic indicators was observed between the two groups.
There were no statistical differences in FPG (5.0 [4.7,
5.4] vs 5.1 [4.9, 5.4] mmol/L, P =0.156), 2 h postprandial
blood glucose (6.3 [5.6, 7.2] vs 6.4 [5.8, 7.4] mmol/L,
P =0.251), GA (12.0 [10.8, 13.7] vs 11.8 [10.6, 13.4] %,
P =0.235) and HbAlc (5.1 [4.9, 5.3] vs 5.1 [4.8, 5.3] %,
P =0.506) in the third trimester, indicating that blood
glucose levels between the diet and insulin groups are
equivalent after the lifestyle intervention or insulin treat-
ment during pregnancy.

Comparison of Other Metabolic Indicators During
Pregnancy

Of the metabolic indicators that were measured at the first
visit during pregnancy, only FT4 level in the insulin group
was lower than in the diet group (12.78 [11.35, 15.09] vs
13.85[11.95, 15.35] pmol/L, P =0.037). TPOAD level was
higher in the insulin group compared with the diet group
(1.14 [0.20, 40.97] vs 0.42 [0.14, 9.30] IU/mL, P =0.055);

Diet Group (n=354) Insulin Group (n=180) P
Maternal age (years) 30.6 £3.9 325+ 4.1° <0.001
Bachelor degree and above (n/%) 78 (22.0%) 19 (10.6%) 0.056
Pre-gestational weight (kg) 62.7 £ 11.1 683 + 12.3° <0.001
Pre-gestational maximum weight (kg) 653+ 11.8 70.1 £ 11.7° <0.001
Pre-gestational BMI (kg/m?) 242 + 43 25.7 £ 42° 0.001
Maternal birth weight (g) 3061 = 586 3352 + 546° 0.012
Family history of diabetes in first-degree relatives (n/%) 56 (15.8%) 53 (29.4%) 0.053
Family history of diabetes in second-degree relatives (n/%) 82 (23.2%) 44 (24.4%) 0.884
Neck acanthosis nigricans (n/%) 39 (11.1%) 44 (24.4%)* 0.028
Armpit acanthosis nigricans (n/%) 60 (16.9%) 73 (40.6%)° 0.002
History of polycystic ovary syndrome (n/%) 4 (1.1%) 2 (1.1%) 1.000
Previous adverse pregnancy outcomes (n/%) 72 (20.3%) 49 (27.2%) 0.307
In vitro fertilization (n/%) 24 (6.8%) 24 (13.3%) 0.180
Prenatal weight (kg) 710 £ 11.1 768 + 12.8° <0.001

Notes: Data are presented as mean * standard deviation (maternal age, pre-gestational weight, maximum weight and BMI, maternal birth weight and prenatal weight), or

percentage (other characteristics). *P<0.05, ®P<0.01 vs the diet group.
Abbreviations: GDM, gestational diabetes mellitus; BMI, body mass index.
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Table 2 Comparison of 75 g OGTT and Glucose Metabolism Indicators During Pregnancy
Diet Group (n=354) Insulin Group (n=180) P

Gestational period (weeks) 22374 20.1 + 8.6 0.102
Fasting plasma glucose (mmol/L) 53 (5.1, 5.5) 5.8 (5.5, 6.2)° <0.001
I h plasma glucose (mmol/L) 9.5 (8.3, 10.6) 102 (9.0, 11.8)° <0.001
2 h plasma glucose (mmol/L) 8.3 (7.0,94) 8.6 (7.5,9.3) 0.292
Fasting plasma insulin (uU/mL) 10.9 (7.3, 15.3) 1.2 (9.1, 17.7) 0.376
I h plasma insulin (nU/mL) 63.1 (43.5, 111.6) 90.6 (63.0, 112.7) 0.084
2 h plasma insulin (uU/mL) 67.0 (46.9, 104.3) 83.1 (62.1, 130.9) 0.069
GA (%) 12.0 (10.6, 13.2) 1.9 (10.5, 13.1) 0.400
HbAlc (%) 5.1 (4.9, 54) 54 (5.1,5.8)° <0.001
HOMA-IR 2.6 (1.5, 3.6) 2.8 (2.3, 45) 0.125
HOMA-B 121.4 (87.0, 164.8) 100.0 (77.5, 184.2) 0.378
Cisl 85.8 (56.7, 128.9) 72.4 (56.1, 103.8) 0.403
Number of two or more abnormal values (n/%) 122 (34.5%) 89 (49.4%) 0.127

Notes: Data are presented as mean # standard deviation (gestational period), percentage (number of two or more abnormal values), or median (interquartile range) (other

glucose metabolism indicators). 2P<0.05, ®P<0.01 vs the diet group.

Abbreviations: OGTT, oral glucose tolerance test; GA, glycated albumin; HbAlc, hemoglobin Alc; HOMA-IR, homeostasis model assessment of insulin resistance;
HOMA-B, homeostasis model assessment of B cell; CISI, composite insulin sensitivity index.

however, the differences were not statistically significant.
Furthermore, no significant difference in other metabolic
indicators was observed between the two groups.

Risk Analysis of Factors Related to the Requirement
of Insulin Treatment During Pregnancy

In the logistic regression model, FPG (odds ratio [OR] =8.378,
95% confidence interval [CI]: 4.936-14.220, P <0.001) at
GDM diagnosis, 1 h plasma glucose (OR =1.347, 95% CI:
1.152-1.573, P <0.001) at GDM diagnosis, HbAlc
(OR =2.165, 95% CI: 1.333-3.516, P =0.002) at GDM diag-
nosis, maternal age (OR =1.126, 95% CI: 1.075-1.179,
P <0.001), pre-gestational weight (OR =1.041, 95% CI: 1.-
023-1.160, P <0.001), pre-gestational BMI (OR =1.087, 95%
CI: 1.035-1.141, P <0.001), pre-gestational maximum weight
(OR =1.038, 95% CI: 1.019-1.058, P <0.001), family history
of diabetes in first-degree relatives (OR =2.221, 95% CIL:
1.446-3.411, P <0.001), neck acanthosis nigricans
(OR =2.390, 95% CI: 1.526-3.743, P <0.001), armpit acantho-
sis nigricans (OR=2.372,95% CI: 1.719-3.274, P<0.001), and
prenatal weight (OR =1.042, 95% CI: 1.022-1.062, P <0.001)
were potential predictors of insulin treatment during

pregnancy.

ROC Curve for Insulin Treatment During Pregnancy
As shown in Figure 1, the cut-off values of FPG,
1 h plasma glucose, and HbAlc at the time of GDM
diagnosis were 5.7 mmol/L (sensitivity 59.6% and speci-
ficity 89.9%; area under the curve [AUC] 0.788, 95% CI:
0.704-0.872, P <0.001), 11.4 mmol/L (sensitivity 34.0%

and specificity 94.4%; AUC 0.642, 95% CI: 0.540-0.744,
P <0.001), and 5.3% (sensitivity 59.6% and specificity
70.8%; AUC 0.683, 95% CI: 0.587-0.779, P <0.001),
respectively.

Factors Affecting Postpartum Glucose

Metabolism in Patients with GDM
Characteristics and Pregnancy-Related Outcomes of
Patients with GDM

Of the 534 patients with GDM, 178 patients screened
for glucose metabolism after delivery in our hospital.
104 had normal glucose tolerance and 74 (41.6%) had
abnormal glucose tolerance (58 had prediabetes and 16
had T2DM). The mean interval from delivery to post-
partum 75 g OGTT was 12.0 = 6.5 weeks. Maternal age,
family history of diabetes in first-degree relatives,
acanthosis nigricans, prenatal weight, and weight gain
per week during pregnancy in the AGT group were
higher than in the NGT group (P <0.05). Furthermore,
there were no significant differences in delivery time,
birth weight of newborns, rates of preterm birth, cesar-
ean section and breast feeding, incidence of low birth
weight infants and macrosomia. None of the newborns
developed hypoglycemia and no other neonatal adverse
outcomes were observed (Table 3).

Comparison of 75 g OGTT and Glucose Metabolism
Indicators During Pregnancy and After Delivery

FPG, 1 h plasma insulin following 75 g OGTT, and
HbAlc at the time of GDM diagnosis, and proportion of
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Figure | Receiver operating characteristics curve for fasting and | h plasma glucose levels following 75 g oral glucose tolerance test and hemoglobin Alc. The green, blue

and red lines represent fasting plasma glucose, | h plasma glucose and hemoglobin Alc, respectively. The black line is the reference line.

insulin treatment during pregnancy were significantly
higher in the AGT group compared with the NGT group
(P <0.05, Table 4). Comparison of postpartum glucose

metabolism between the two groups was also shown in

Table 4.

Correlation Between Indicators During Pregnancy
and Postpartum Glucose Metabolism
A positive correlation was observed between maternal age,

weight gain per week during pregnancy, and postpartum

FPG. Prenatal weight was positively correlated with

Table 3 Comparison of Pregnancy-Related Outcomes

NGT Group (n=104) AGT Group (n=74) P
Delivery time (weeks) 386+ 1.7 384+ 1.3 0.423
Preterm birth (n/%) 10 (9.6%) 6 (8.1%) 0.637
Cesarean section (n/%) 6 (5.8%) 5 (6.8%) 0.782
Birth weight of newborns (g) 3306 + 580 3430 £ 516 0.178
Low birth weight infant (n/%) 6 (5.8%) 2 (2.7%) 0.317
Macrosomia (n/%) 8 (7.7%) 8 (10.8%) 0.491
Breast feeding (n/%) 37 (35.6%) 20 (27.0%) 0.257
Neonatal hypoglycemia (n/%) 0 0 -
Other neonatal adverse outcomes (n/%) 0 0 -

Notes: Data are presented as mean # standard deviation (delivery time and birth weight of newborns), or percentage (other pregnancy-related outcomes). *P<0.05, °P<0.01

vs the NGT group.

Abbreviations: NGT, normal glucose tolerance; AGT, abnormal glucose tolerance.
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Table 4 Comparison of 75 g OGTT and Glucose Metabolism Indicators During Pregnancy and After Delivery
NGT Group (n=104) AGT Group (n=74) P
Gestational period at diagnosis
Fasting plasma glucose (mmol/L) 5.3 (5.1, 5.6) 5.6 (5.2, 6.1)* 0.033
| h plasma glucose (mmol/L) 9.4 (8.3, 10.5) 9.9 (8.6, 11.2) 0.120
2 h plasma glucose (mmol/L) 82 (7.0,9.2) 85 (7.6,94) 0.301
Fasting plasma insulin (uU/mL) 11.4 (8.3, 20.0) 13.5(11.2, 17.9) 0.227
| h plasma insulin (uU/mL) 64.9 (44.5, 130.6) 111.8 (91.1, 139.9)* 0.038
2 h plasma insulin (uU/mL) 82.1 (50.9, 141.8) 99.8 (67.7, 142.7) 0.621
GA (%) 11.3 (9.7, 12.7) 11.5(10.3, 13.2) 0.254
HbAIc (%) 5.1 (4.9, 5.5) 54 (5.1,5.9)° 0.007
HOMA-IR 2.6 (2.0, 4.6) 33 (28,42) 0.147
HOMA-3 124.1 (82.0, 227.2) 135.8 (95.1, 203.7) 0.705
Number of two or more abnormal values (n/%) 36 (34.6%) 32 (43.2%) 0.365
Basal insulin treatment (n/%) 29 (27.9%) 43 (58.1%)° 0.001
Meal insulin treatment (n/%) 15 (14.4%) 26 (35.1%)° 0.003
Screening period after delivery
Fasting plasma glucose (mmol/L) 5.5 (5.1,5.7) 6.2 (5.6, 6.7)° <0.001
| h plasma glucose (mmol/L) 8.4 (6.9, 10.2) 10.2 (8.9, 11.8)° <0.001
2 h plasma glucose (mmol/L) 6.8 (6.2, 7.4) 8.5 (7.6, 9.1)° <0.001
Fasting plasma insulin (uU/mL) 7.9 (5.3, 125) 9.9 (5.5, 15.1) 0.387
| h plasma insulin (uU/mL) 70.5 (38.1, 128.6) 66.0 (38.6, 97.4) 0.312
2 h plasma insulin (uU/mL) 39.7 (26.8, 67.9) 56.6 (37.9, 86.9)" 0.031
GA (%) 11.5(10.6, 12.8) 1.9 (10.8, 13.5) 0.178
HbAIc (%) 5.3 (5.0, 5.6) 5.6 (54, 6.1)° <0.001
HOMA-IR 2.0(1.3,32) 2.6 (1.4,42) 0.138
HOMA-3 747 (61.9, 124.1) 773 (51.9, 110.9) 0.423

Notes: Data are presented as percentage (number of two or more abnormal values and insulin treatment), or median (interquartile range) (other glucose metabolism

indicators). 2P<0.05, °P<0.01 vs the NGT group.

Abbreviations: OGTT, oral glucose tolerance test; GA, glycated albumin; HbAlc, hemoglobin Alc; HOMA-IR, homeostasis model assessment of insulin resistance;
HOMA-B, homeostasis model assessment of B cell; NGT, normal glucose tolerance; AGT, abnormal glucose tolerance.

postpartum FPG, FINS, HOMA-IR, and HOMA-f.
Furthermore, FPG at the time of GDM diagnosis was posi-
tively correlated with postpartum FPG, FINS, 1 h plasma
glucose and insulin, HbAlc, and HOMA-IR. HbAlc at the
time of GDM diagnosis was significantly positively corre-
lated with postpartum 1 h plasma glucose, and HbAlc. No
correlation was found between the other indicators (P >0.05,
Table 5).

Risk Analysis of Factors Affecting Postpartum
Glucose Metabolism

In a logistic regression model, FPG (OR =2.021, 95% CI:
1.058-3.863, P =0.033) at GDM diagnosis, basal insulin
treatment during pregnancy (OR =3.587, 95% CI: 1.911-
6.736, P <0.001), meal insulin treatment during pregnancy
(OR =3.214, 95% CI: 1.555-6.642, P =0.002), maternal
age (OR =1.079, 95% CI: 1.002-1.162, P =0.044), family
history of diabetes in first-degree relatives (OR =2.480,
95% CI: 1.201-5.123, P =0.014), acanthosis nigricans

(OR =2.197, 95% CI: 1.192-4.048, P =0.012), and pre-
natal weight (OR =1.034, 95% CI: 1.002-1.067,
P =0.035), were independent predictors of abnormal post-
partum glucose metabolism.

ROC Curve for Abnormal Postpartum Glucose
Metabolism

ROC curves were used to determine the cut-off values to
predict abnormal postpartum glucose metabolism. As
shown in Figure 2, the cut-off value of FPG at the time
of GDM diagnosis were 5.7 mmol/L (sensitivity of 42.1%
and specificity of 81.5%; AUC 0.607, 95% CI: 0.508-
0.706, P =0.033).

Discussion

Medical nutrition therapy is the cornerstone of treatment
for hyperglycemia in pregnancy and should be pre-
scribed throughout the pregnancy. Good glycemic con-
trol in most patients with GDM can be obtained through
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Table 5 Correlation Between Indicators During Pregnancy and Postpartum Glucose Metabolism

Maternal Weight Gain Per Prenatal FPG at GDM HbAIlc at GDM
Age Week Weight Diagnosis Diagnosis
FPG r | 0.162° 0.255° 0.205° 0.357° 0.166
P | 0.048 0.015 0.035 <0.001 o0.101
I h plasma r | 0.166 -0.028 —0.066 0.371° 0.418°
glucose P | O.101 0.834 0.601 <0.001 0.001
2 h plasma r | 0.067 —0.004 —0.196 0.097 0.186
glucose P | 0.466 0.974 0.070 0.328 0.098
FINS r | 0.062 0.059 0.338° 0.218° 0.220
P | 0.540 0.658 0.005 0.041 0.078
| h plasma insulin | r | —0.025 —0.090 0.199 0.244° —0.003
P | 0.821 0.535 0.134 0.029 0.983
2 h plasma insulin | r | —0.052 —0.029 0.223 0.132 0.129
P | 0.605 0.825 0.066 0.216 0.301
GA r | —0.006 0.080 —0.196 —0.107 0.160
P | 0.956 0.602 0.165 0.419 0.261
HbAlc r | —0.001 0.116 0.228 0.302° 0.392°
P | 0.996 0.360 0.055 0.004 0.001
HOMA-IR r | 0.066 0.076 0.338° 0.248° 0.230
Pl 0514 0.566 0.005 0.019 0.065
HOMA-B r | 0.002 0.001 0.278% 0.048 0.188
P | 0.984 0.995 0.022 0.655 0.134

Notes: °P <0.05, °P <0.01.

Abbreviation: FPG, fasting plasma glucose; FINS, fasting plasma insulin; GA, glycated albumin; HbAlc, hemoglobin Alc; HOMA-IR, homeostasis model assessment of
insulin resistance; HOMA-B, homeostasis model assessment of 3 cell; GDM, gestational diabetes mellitus. Vertical axis shows the postpartum glucose metabolism indicators.

diet and exercise guidance. For patients who fail to
effectively control blood glucose, it is an important
challenge for clinicians to identify those at high-risk
based on characteristics and biochemical indicators and
to determine when to start insulin treatment. Our study
found that FPG and 1 h plasma glucose following 75
g OGTT, and HbAlc at the time of GDM diagnosis
were significantly higher in the insulin group compared
with the diet group. FPG, 1 h plasma glucose, HbAlc,
maternal age, pre-gestational weight and maximum
weight, pre-gestational BMI, family history of diabetes
in first-degree relatives, acanthosis nigricans, and prena-
tal weight were potential predictors of insulin treatment
during pregnancy, and FPG was the most important
predictor. Patients with FPG >5.7 mmol/L, 1 h plasma
glucose >11.4 mmol/L, or HbAlc >5.3% at the time of
GDM diagnosis require insulin treatment during preg-
nancy. These predictors were previously reported in

1721

several studies; however, different studies have

reported different blood glucose thresholds, which may
be related to the population characteristics (such as
ethnicity), number of study samples, dietary compliance
of subjects, different glucose metabolism screening
methods, diagnostic criteria for GDM, and glycemic
control standards in each study under different times
and conditions.'®

Additionally, a total of 178 pregnant women with GDM
underwent 75 g OGTT at 12 weeks postpartum, and 74 had
abnormal glucose tolerance, of which 58 had prediabetes and
16 had T2DM. FPG, 1 h plasma insulin following
75 g OGTT, and HbAlc at the time of GDM diagnosis
were significantly higher in the AGT than in the NGT
group. FPG at the time of GDM diagnosis was positively
correlated with postpartum fasting and 1 h plasma glucose
and insulin, HbAlc and HOMA-IR. FPG following
75 g OGTT at the time of GDM diagnosis, maternal age,
family history of diabetes in first-degree relatives, acanthosis

nigricans, insulin treatment during pregnancy, and prenatal
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Figure 2 Receiver operating characteristics curve for fasting plasma glucose fol-
lowing 75 g oral glucose tolerance test. The green line represents fasting plasma
glucose and the black line is the reference line.

weight were all independent predictors of abnormal postpar-
tum glucose metabolism. Our results showed that FPG at the
time of GDM diagnosis was the most important predictor,
and patients with FPG >5.7 mmol/L had a greater risk of
abnormal postpartum glucose tolerance, which was consis-
tent with the findings of Nouhjah et al.*? and Capula et al.*
in which the diagnostic criteria for GDM, the timing of
OGTT during pregnancy, and postpartum screening for
blood glucose were all similar. Furthermore, Liu et al.**
found that a 1 mmol/L increase in FPG increased the risk
of postpartum diabetes by 1.61-fold. Monroy et al.* also
considered FPG was the best predictor of abnormal postpar-
tum glucose tolerance. The importance of FPG at the time of
GDM diagnosis in predicting postpartum glucose metabo-
lism was thus demonstrated. Moreover, several
studies®®*’

ing OGTT and HbAlc were also risk factors for postpartum

reported that 1 h and 2 h plasma glucose follow-

prediabetes and T2DM, indicating that the degree of abnor-
mal blood glucose in patients with GDM was closely related
to postpartum glucose metabolism. Factors such as age,
family history of diabetes, acanthosis nigricans, and insu-
lin treatment during pregnancy have also been shown to
influence the recovery of blood glucose after delivery.?® !
The Hyperglycemia and Adverse Pregnancy
Outcomes (HAPO) study®? found that even if maternal

blood glucose levels were lower than the diagnostic
criteria of diabetes, the incidence of adverse outcomes
would increase with rising blood glucose levels. Based
on this study, by considering a 75% increase in the
the cut-off The
International Association of Diabetes and Pregnancy

adverse outcomes as value,
Study Groups proposed the “one-step” diagnostic cri-
teria for GDM in 2010. Subsequently, international
organizations re-defined hyperglycemia in pregnancy
and established new control standards. Nevertheless,
this measure led to a great controversy. Some scholars
argued that the diagnostic and control criteria were set
so low that might result in wasting of medical resources.

However, Parretti et al.®3

studied the changes in blood
glucose in healthy pregnant women and reported that the
blood glucose levels gradually increased during 28-38
weeks of gestation, even until 38 weeks; nevertheless,
the peak postprandial blood glucose was still lower than
6.0 mmol/L. Therefore, the control standard for hyper-
glycemia in pregnancy were reasonable and clinicians
should continuously raise awareness among pregnant
women of strict blood glucose management, especially
in women with higher risk of perinatal complications, in
order to reduce the duration of hyperglycemia and
improve the prognoses of both the fetus and mother.

Diabetes is rapidly and dramatically increasing in various
countries and regions around the world. Apart from factors
such as more frequent overweight and obesity and changes in
lifestyle, the increase in the number of young women with
a history of GDM is also an important reason. Due to the lack
of relevant knowledge of high-risk factors for diabetes, this
population has poor compliance with postpartum evaluation,
resulting in low screening rates and consequently in untimely
finding blood glucose abnormalities. Guidelines* recom-
mend that patients with GDM should perform 75 g OGTT
to assess blood glucose levels 412 weeks postpartum, even
if blood glucose levels are normal, and should screen glucose
metabolism every 1-3 years. The frequency of screening
depends on other risk factors, including family history of
diabetes, pre-gestational BMI, and treatment with insulin or
oral hypoglycemic drugs. Pre-diabetes women with a history
of GDM should receive intensive lifestyle interventions or
metformin treatment to prevent diabetes.’

This study has certain limitations. First, retrospective
collection may result in selective bias and incomplete
clinical data, such as lack of other factors. Second, the
long-term follow-up of the subjects has not been per-
formed in this study, and the long-term incidence of
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metabolic syndrome such as diabetes and hypertension
cannot be obtained. Third, we could not provide infor-
mation on the growth and development of the offspring.

In summary, it is really crucial for patients with FPG
>5.7 mmol/L, 1 h plasma glucose >11.4 mmol/L, or HbAlc
>5.3% at the time of GDM diagnosis to require appropriate
glucose-lowering therapy such as insulin that was safely
used in this cohort, in order to reduce the duration of
hyperglycemia and enable a healthy intrauterine environ-
ment, with FPG having the biggest impact. Simultaneously,
efforts should also be employed to improve the awareness
of these patients, especially those with FPG >5.7 mmol/L at
the time of GDM diagnosis, for regular screening of glucose
metabolism after delivery and throughout life, and to sti-
mulate lifestyle changes to prevent or delay the occurrence
of T2DM.

Conclusion

Patients with FPG >5.7 mmol/L, 1 h plasma glucose >11.4
mmol/L, or HbAlc >5.3% at the time of GDM diagnosis
required insulin treatment during pregnancy, and patients
with FPG >5.7 mmol/L had a greater risk of abnormal post-
partum glucose metabolism.
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