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and Fetal Medicine of Hebei Provincial, Shijiazhuang, China

Purpose: This study investigated the effects of attending a one-day outpatient
service on the outcomes of patients with gestational diabetes mellitus (GDM)
and different pre-pregnancy body mass indices (BMls).

Methods: The study recruited 311 pregnant women with GDM into a one-
day outpatient service at The Fourth Hospital of Shijiazhuang from September
2019 to December 2021. They were randomly assigned to three groups, based
on their pre-pregnancy BMI as follows: group A, BMI <18.5 kg/mz; group B,
185> BMI > 25.0 kg/mz; group C, BM| >25 kg/m2. The following information
was collected from all the participants: fasting blood glucose, hemoglobin Alc
(HbA1QC), insulin dose, gestational weight gain, weight gain after the one-day
outpatient service, and perinatal outcomes.

Results: The three groups showed significant differences in fasting blood
glucose and HbA1C, insulin treatment rate, and the incidence of pregnancy
hypertension/preeclampsia and neonatal jaundice (all P < 0.05). The rate of
excessive gestational weight gain in all of the groups also reflected significant
differences (P < 0.05). Group A showed the lowest weight gain, while group
C gained the most weight. There is no significant difference in the incidences
of hypertension/preeclampsia, neonatal jaundice, or premature birth between
patients with weight loss/no weight gain and those with positive weight gain.

Conclusion: One-day diabetes outpatient integrated management may
effectively help to manage weight gain and blood glucose in patients with GDM
and different pre-pregnancy BMIs. Dietary control after a GDM diagnosis may
have helped to avoid weight gain entirely, as well as negative weight gain, but
did not increase the risk of maternal and infant-related complications.

gestational diabetes mellitus, one-day clinic, body mass index, gestational weight
gain, blood sugar
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Introduction

(GDM)
the most common complications during pregnancy. It is

Gestational diabetes mellitus is the one of
commonly defined as the very first recognition of diabetes
or impaired glucose tolerance during pregnancy. However,
there is no universally accepted protocol to diagnose GDM
(1-3). According to the report of the International Diabetes
Federation (IDF) in 2019, 16.7% of live births were affected
by hyperglycemia in pregnant women and 84% of them had
gestational diabetes (4). GDM has gradually become a global
health concern. The prevalence of GDM was the highest
in Middle East and North Africa, followed by Southeast
Asia, Western Pacific regions, and even in the developed
areas, such as North America (5). Approximately 10% of
pregnant women in Asia developed GDM, and the prevalence
of GDM was much higher in low- and upper-middle areas
(6). GDM is associated with many other complications in
pregnant women. Existing studies indicated that GDM was
closely related to type 2 diabetes (7, 8). Moreover, in 2011,
the American Heart Association classified GDM as a risk
factor for the development of cardiovascular disease in
women (9). GDM not only impairs the health of pregnant
women but also potentially raises the risk of disease in
the offspring. Several studies have shown that women who
had been diagnosed with GDM were more likely to give
birth to offspring with hypertension, meanwhile, high blood
glucose levels during pregnancy were shown to alter the
metabolism of neonates, leading to adiposity (10, 11). Therefore,
the effective management and treatment of patients with
GDM are of great significance to maternal and infant health
and prognosis.

A meta-analysis showed a pooled estimated risk of GDM
in pregnant women of 16.8%, with a risk of 10.7% in the
underweight/normal group, and 23% in the overweight/obesity
group, suggesting an elevated risk of GDM in pregnant
women who are overweight/obese (12). One-day outpatient
management of diabetes enables patients with GDM to
learn effective self-management strategies by providing
them with information about diet control and exercise
therapy, as well as one-to-one supervision and guidance
using the WeChat application. By actively following a doctor’s
advice regarding diet control and exercise, patients can
effectively manage their blood glucose levels and reduce
adverse pregnancy outcomes. This study aimed to identify
the differences in blood glucose control, perinatal outcomes,
and weight change during pregnancy among participants
with GDM who had different pre-pregnancy body mass

Abbreviations: GDM, gestational diabetes mellitus; BMIs, body mass
indices; ADA, American Diabetes Association; ODOS, One-day outpatient

service; LGA, large for gestational age; OGTT, oral glucose tolerance test.
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indices (BMIs). Additionally, the study assessed the impact
of attending a comprehensive one-day diabetes outpatient
management program on gestational weight change and
pregnancy-related outcomes.

Materials and methods

Study design

This observational study included 311 pregnant women
with GDM who participated in a one-day diabetes outpatient
program at the authors’ hospital from September 2019 to
December 2021. All participants were of Chinese Han ethnicity.
All participants provided a signed informed consent form for
their inclusion in the study.

Body mass index is an internationally used body-fat
and health measurement tool and is calculated using the
following formula: BMI = weight/height?, with weight in
kg and height in meters. The participants were divided
into three groups, based on their BMI prior to becoming
pregnant as follows: group A represented the low weight
group (BMI <18.5 kg/m? before pregnancy), group B reflected
the normal weight group (18.5 < BMI <25.0 kg/m? before
pregnancy), and group C represented the overweight and
obese group (BMI >25 kg/m? before pregnancy). Age, height,
family history of diabetes, gestational age, and other patient
characteristics were not significantly different (P > 0.05),
indicating comparability among the three BMI groups. After
attending the one-day outpatient service, the pregnant women
with GDM were classified according to positive, negative, or no
weight gain.

Inclusion and exclusion criteria

The following criteria were based on guidelines issued
by the American Diabetes Association (13). All participants
included in this study had been newly diagnosed with GDM
using a 75g oral glucose tolerance test (OGTT). The study’s
exclusion criteria were as follows: (1) fasting plasma glucose
>7.0 mmol/L; (2) OGTT 2-h blood glucose >11.1 mmol/L;
(3) typical symptoms of hyperglycemia or hyperglycemia
crisis accompanied by an arbitrary blood glucose level >11.1
mmol/L; (4) hemoglobin Alc (HbAlc) >6.5%, indicative of pre-
pregnancy diabetes combined with pregnancy; (5) gemellary or
multiple pregnancy.

One-day outpatient service

The one-day outpatient service is an umbrella program
that includes the following services: (1) introducing a healthy
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diet and how to cook scientifically; (2) guiding patients on
how to appropriately and individually design an exercise
plan; (3) conducting introductory courses in the management
of weight and blood glucose, and in addition, completing
a quiz; (4) creating a friendly environment for instructors
and patients in which to communicate with each other;
(5) setting up a WeChat group to monitor and follow up
the patients.

The authors conducted the one-day outpatient training
twice per week, each time with a small class of ~10 participants.
An endocrinologist and a diabetes nurse were responsible
for delivering this training. In the morning, participants
underwent physical examinations and were given diabetes-
friendly meals. The endocrinologist educated the participants
about exercise and delivered introductory courses. Through
these courses, the participants were able to learn about a
GDM diagnosis and recognize its related risk factors. The
courses enabled the current authors to help participants
design more scientific and healthier diets and exercise plans,
and they were also trained on how to monitor their blood
glucose levels and other related simple symptoms on their
own at home. The participants were reminded to conduct
retesting once they had given birth. Counseling services were
available to participants if necessary. In the afternoon, they
watched childbirth and breastfeeding videos, and the study
authors gave them one-on-one instructions. After finishing
all the training sessions, the authors presented a questions-
and-answers session. Furthermore, a quiz was conducted to
test how much the participants had learned from the one-day
outpatient service, and a questionnaire subsequently assisted in
adjusting and improving the one-day outpatient service. During
the entire day of training, participants completed multiple
blood glucose tests before and after diets. Notably, WeChat
groups were created at the end of the one-day program via
which the authors regularly posted GDM-related information
and reminded participants to regularly retest themselves.
The authors also answered participants’ questions via the
application to help them gain a better understanding of their
health condition.

Statistical analysis

The SPSS Statistics 26.0 software program was used to
analyze the collected data. Continuous variables were described
using mean =+ standard deviation and ANOVA was used to
compare the mean values among three groups. Categorical
data were expressed as a percentage (%) and compared
using chi-square (xz) test. Given that the sample size was
>30, and based on existing studies (14, 15), the statistical
significance was set as P < 0.05, and all tests were two-
sided.
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Results

Demographic characteristics

A total of 320 pregnant women were screened and 9 of them
were excluded due to gemellary pregnancy. Finally, 311 patients
were enrolled. The age, height, family history of diabetes, and
gestational age were not significantly different among the three
groups (P > 0.05) (Table 1).

Comparison of blood glucose changes
among the three groups after the
intervention

Fasting blood glucose and HbA1C were significantly
different among the three groups at enrollment and before
delivery (P < 0.05), where group A had the lowest and group
C had the highest fasting blood glucose and HbA1C levels. No
significant differences were observed in fasting blood glucose
and HbA1C among the three groups before delivery (P > 0.05).
Meanwhile, the insulin treatment rate was significantly different
among the three groups (P < 0.05), where group A had the
lowest and group C had the highest insulin treatment rate
(Table 2).

Comparison of pregnancy outcomes
among the three groups after the
intervention

The incidences of pregnancy, hypertension/preeclampsia,
and neonatal jaundice were significantly different among the
three groups (P < 0.05), where group A had the lowest
and group C had the highest incidences. No significant
differences were found in the incidence of premature membrane
rupture, premature delivery, polyhydramnios/oligohydramnios,
neonatal hypoglycemia, fetal distress, macrosomia, fetal growth
restriction, or cesarean section rate among the three groups (P
> 0.05) (Table 3).

Comparison of body weight changes
among the three groups after the
intervention

The overall weight change and excess weight-gain rate
during pregnancy were significantly different among the three
groups (P < 0.05), where group A had the lowest and group C
had the highest overall weight change and excess weight-gain
rate during pregnancy. No statistically significant differences
were observed in negative weight-gain rate, underweight-gain
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TABLE 1 Comparison of the general data among the three groups (X £ s).

Items A(n=18) B (n=183) C(n=110) p

Age (years) 30.33 £3.73 30.43 +4.07 31.01 +£4.38 0.49
Height (cm) 161.3 3£ 4.55 161.36 £ 4.71 161.66 £ 4.85 0.86
Pregnancy week at entry (weeks) 26.00 +1.19 26.13 +£1.34 26.03 +1.30 0.07
Family history of diabetes — no./total no. (%) 8/18 (44.4) 61/183 (33.3) 36/110 (32.7) 0.65

A: low weight group (body mass index [BMI] <18.5 kg/m? before pregnancy), B: normal weight group (18.5 < BMI < 25.0 kg/m? before pregnancy), C: overweight and obesity group
(BMI > 25 kg/m? before pregnancy).

TABLE 2 Comparison of blood glucose changes among the three groups (X + S).

Items A (n=18) B (n=183) C(n=110) P
Fasting glucose (mmol/L) At entry 5.08 +0.38 5.2540.46 5.52 +0.43 <0.001
Before delivery 4.66 £0.35 4.77 £0.41 493 +0.47 <0.001
At entry to before delivery 0.43+£0.33 0.49 £0.50 0.60 £0.52 0.11
HbAI1C (%) Atentry 5.09 £0.37 5.18 £0.33 5.24 £0.37 <0.001
Before delivery 5.18 £ 0.40 5.31£0.34 5.49 £ 0.44 <0.001
At entry to before delivery —0.09 £0.21 —0.14 £0.26 —0.13 £0.27 0.78
Insulin-treated women, no./total no. (%) 0/18 (0.0) 10/183 (5.5) 15/110 (13.6) 0.02

A: low weight group (body mass index [BMI] < 18.5 kg/m? before pregnancy), B: normal weight group (18.5 < BMI < 25.0 kg/m? before pregnancy), C: overweight and obesity group
(BMI > 25 kg/m? before pregnancy).

rate, or normal weight-gain rate (P > 0.05). Body- weight childbearing age in China between 2010 and 2012 were 1.4 and
changes were significantly different among the three groups after 12.9%, respectively. Meanwhile, incidences of being overweight
admission to a one-day outpatient clinic (P < 0.05), where group (BMI 25.0-29.9 kg/mz) and obese (BMI >30 kg/mz) were
A had the lowest negative weight gain and a zero weight-gain 7.2 and 1.0%, respectively (16). Being overweight or obese
rate, while group C had the highest, including three participants before becoming pregnant poses an independent risk for
with negative weight gain. The positive weight-gain rate was the GDM development. A multivariate logistic regression study
highest in group A and the lowest in group C (Table 4). discovered that pre-pregnancy BMI was significantly associated

with maternal hyperglycemia (17). Similarly, another meta-
analysis revealed that the incidence of GDM was significantly

i i i igher in obese women before pregnancy than in the norma
The influence of weight gain on high b bef gnancy th h 1
pregnancy outcomes after the one-day BMI group, regardless of weight gain, and that the incidence
Outpatient clinic of GDM increased by 0.92% (95% confidence interval, 0.73-

1.10) for every l-unit increase in BMI (18). Excessive weight

The incidences of pregnancy, hypertension/preeclampsia, gain during pregnancy increased the risk of infants presenting as

premature membrane rupture, premature childbirth, large for gestational age (LGA), macrocephaly, cesarean section,

polyhydramnios/oligohydramnios, neonatal jaundice, neonatal hypertension during pregnancy, postpartum hemorrhage, and

hypoglycemia, fetal distress, macrosomia, fetal growth other adverse events. Even among women with a normal BMI

restriction, and cesarean section rate were not significantly before pregnancy, excessive gestational weight gain increased the

different among the negative weight gain, no weight gain, and risk of postpartum hemorrhage and LGA babies (19). Therefore,

positive weight gain groups (P > 0.05) (Table 5). pre-pregnancy weight and weight gain during pregnancy are

critical for patients with GDM.
The one-day outpatient service was implemented to manage

Discussion patients’ weight gain using a science-based diet and proper
exercise, to empower patients to effectively control their blood

Weight gain and obesity are critical risk factors for the glucose levels, and to reduce maternal and infant-related
development of diabetes. A cross-sectional study including complications. This study observed the therapeutic effects of
31 provinces and cities in Mainland China showed that the attending the one-day outpatient service on participants with
prevalence rates of diabetes and prediabetes in women of GDM who had different pre-pregnancy BMIs. The study also
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TABLE 3 Comparison of preghancy outcomes among the three groups (X & S).

Items A (n=18) B (n=183) C(n=110) P
Gestational hypertension/preeclampsia, no./total no. (%) 0/18 (0.0) 9/183 (4.9) 22/110 (20.0) <0.001
Women with PMR, no./total no. (%) 5/18 (27.8) 34/183 (18.6) 20/110 (18.2) 0.62
Preterm birth, no. /total no. (%) 3/18 (16.7) 11/183 (6.0) 15/110 (13.6) 0.05
‘Women with hydramnios/oligohydramnios, no./total no. (%) 0/18 (0.0) 11/183 (6.0) 3/110 (2.7) 0.40
Newborn babies with jaundice, no./total no. (%) 0/18 (0.0) 42/183 (23.0) 38/110 (34.5) <0.001
Newborn babies with hypoglycemia, no. /total no. (%) 1/18 (5.6) 6/183 (3.3) 1/110 (0.9) 0.19
Fetal distress, no. /total no. (%) 1/18 (5.6) 21/183 (11.5) 9/110 (8.2) 0.57
Macrosomia, no. /total no. (%) 0/18 (0.0) 9/183 (4.9) 9/110 (8.2) 0.26
Fetal growth restriction, no./total no. (%) 0/18 (0.0) 2/183 (1.1) 1/110 (0.9) 1.00
Cesarean delivery rate, no./total no. (%) 5/18 (27.8) 77/183 (42.1) 58/110 (52.7) 0.07

A: low weight group (body mass index [BMI] <18.5 kg/m? before pregnancy), B: normal weight group (18.5 < BMI <25.0 kg/m? before pregnancy), C: overweight and obesity group
(BMI >25 kg/m? before pregnancy).
PMR, premature membrane rupture.

TABLE 4 Comparison of body weight changes among the three groups (X £ S).

Items A (n=18) B (n=183) C(n=110) p

Changes in total weight during Negative rate of weight gain (%) 0/18 (0.0) 0/183 (0.0) 3/110 (2.7) 0.07
pregnancy

Underweight gain rate (%) 7/18 (38.9) 84/183 (45.9) 40/110 (36.4) 0.29

Normal rate of weight gain (%) 9/18 (50.0) 70/183 (38.3) 34/110 (30.9) 0.23

Excessive weight gain rate (%) 2/18 (11.1) 29/183 (15.8) 33/110 (30.0) 0.01
Body weight changes after admission to Negative weight gain and no weight gain rate (%) 1/18 (5.6) 30/183 (16.4) 32/110 (29.1) 0.01
the one-day clinic

Positive rate of weight gain (%) 17/18 (94.4) 153/183 (83.6) 78/110 (70.9)

A: low weight group (body mass index [BMI] < 18.5 kg/m? before pregnancy), B: normal weight group (18.5 < BMI < 25.0 kg/m? before pregnancy), C: overweight and obesity group
(BMI >25 kg/m? before pregnancy).

assessed the impacts of different weight-gain levels during the low weight group showed the lowest HbA1C level compared
gestation on pregnancy-related outcomes. with the normal weight and overweight and obesity groups. The

The study findings demonstrated that fasting blood glucose data also showed that changes in blood glucose proportionally
was lowest in the low weight group at enrollment and before increased along with BMI. However, this study found that from
delivery but was slightly higher in the normal weight group and enrollment to delivery, the average level of HbA1C increased
highest in the overweight and obesity group. This difference in all three groups, with no significant difference in the degree
was statistically significant among the three groups, indicating of increase among the three groups, and HbA1C was within
that pre-pregnancy BMI had a crucial impact on the blood the normal range. In this case, however, HbA1C reflected only
glucose of pregnant women, with blood glucose increasing the average blood glucose levels of the previous 2-3 months.
proportionately with an increase in BMI. By implementing Additionally, insulin resistance in pregnant women with GDM
the comprehensive management strategies during the one-day was mild during early pregnancy but gradually increased at 24-
outpatient service, fasting blood glucose in all three groups was 28 weeks of pregnancy. Following a diagnosis, insulin resistance
decreased, suggesting that the outpatient service had a vital was steadily aggravated. Furthermore, the 2017 China Diabetes
impact on controlling blood glucose and protecting patients Society guidelines note that HbAlc was often underestimated
with GDM and different pre-pregnancy BMIs from pre-diabetes and had limited value in GDM diagnosis because of increased
progressing to diabetes. red blood cell conversion in the second and third trimesters, and

According to the 2020 ADA guidelines for the diagnosis because of the effects of anemia during pregnancy.
and treatment of diabetes during pregnancy, it is appropriate The insulin utilization rate was different among the three
to set the HbA1C target to <6%. Following a GDM diagnosis, groups; the overweight and obesity group showed the highest
HbAIC in the three groups was in the normal range; however, insulin utilization rates. Among the three groups, the overweight
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TABLE 5 Influence of weight change on pregnancy outcomes after 1 day of the outpatient clinic (X + S).

Items

Gestational hypertension/preeclampsia, no./total no. (%)
‘Women with PMR, no./total no. (%)

Preterm birth, no./total no. (%)

Women with hydramnios/oligohydramnios, no./total no. (%)
Newborn babies with jaundice, no./total no. (%)

Newborn babies with hypoglycemia, no./total no. (%)

Fetal distress, no./total no. (%)

Macrosomia, no./total no. (%)

Fetal growth restriction, no./total no. (%)

Negative weight gain Positive growth P
and no weight gain (n=248)

(n=63)

4/63 (6.3) 27/248 (10.9) 0.28
7/63 (11.1) 52/248 (21.0) 0.08
8/63 (12.7) 21/248 (8.5) 033
3/63 (4.8) 11/248 (4.4) 1.00

20/63 (31.7) 60/248 (24.2) 022
0/63 (0.0) 8/248 (3.2) 032
5/63 (7.9) 26/248 (10.5) 0.55
3/63 (4.8) 15/248 (6.0) 0.93
1/63 (1.6) 2/248 (0.8) 0.49

27/63 (42.9) 113/248 (45.6) 0.70

Cesarean delivery rate, no./total no. (%)

PMR, premature membrane rupture.

and obesity group presented with the highest blood glucose
levels. As a result of the comprehensive management presented
in the one-day outpatient service, the blood glucose levels of
these participants decreased compared with their initial levels;
however, the overweight and obesity group still reported the
highest levels of insulin utilization. These findings highlight
that an increased BMI corresponds to greater perturbations
in blood glucose and subsequently increases the likelihood
that insulin will be used as a treatment for controlling blood
glucose during pregnancy. Moreover, studies have shown that
a pre-pregnancy BMI has a greater impact on insulin resistance
than weight gain during pregnancy, with a higher BMI before
pregnancy correlating with more severe insulin resistance (20).
Other studies have also demonstrated that insulin resistance
indices were elevated at the time of a GDM diagnosis in
patients who had been obese before conception, and the insulin
resistance indices were positively correlated with BMI both
before pregnancy and at GDM screening (21). Therefore, it may
be more challenging to control blood glucose during pregnancy
in patients who had been overweight or obese before becoming
pregnant due to more severe insulin resistance and a subsequent
increase in the use of insulin.

In this study, the overweight and obesity group had
the highest incidence of gestational hypertension/preeclampsia
and neonatal jaundice, indicating that being overweight
or obese prior to becoming pregnant may increase the
incidence of hypertension and neonatal jaundice in patients
with GDM. No significant difference was observed in the
rates of premature membrane rupture, premature delivery,
polyhydramnios/oligohydramnios, neonatal hypoglycemia, fetal
distress, macrosomia, fetal growth restriction, or cesarean
section. These findings may have resulted from = improved
blood glucose and weight control as a result of attending the
one-day outpatient service.

In addition, the study results showed that positive (but
not excessive) weight gain and normal weight gain were
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predominant among the three groups, and the differences
were not statistically significant. However, the overweight and
obesity group had the highest rate of excessive weight gain,
and the differences among the three groups were statistically
significant. The highest negative weight-gain rate and the
no weight-gain rate were observed in the overweight and
obesity group, followed by the normal weight group, with
the lowest rates found in the low-weight group. These data
indicated that excessive weight gain in the overweight and
obesity group occurred prior to enrollment, but the weight
gain had been well-controlled after comprehensive diabetes
outpatient management. Excessive weight gain might occur
during pregnancy because of excessive weight gain that
occurred prior to enrollment. Excessive weight gain during
pregnancy is associated with an increased risk of medication use,
hypertensive disorders, cesarean section, gestational age, and
macrosomia, compared with normal or no excessive weight gain.
Furthermore, low weight gain during pregnancy was shown
to have a protective function against macrosomia and did not
increase the risk of low birth weight. In pregnant women
with GDM, less weight gain than what is recommended is
beneficial, but the effective prevention of excessive weight gain
is paramount (22).

After recruitment to the one-day outpatient service,
some pregnant women evidenced no weight gain, as well
as negative weight gain, but only three pregnant women
showed negative weight gain during the entire pregnancy
period, which was considered to have been related to
a high pre-pregnancy BMI and excessive weight gain
before a GDM diagnosis. After delivery of the outpatient
service, no statistically significant difference was observed
in the incidence of hypertension/preeclampsia, premature
rupture of membranes, chorioamnionitis, premature delivery,
polyhydramnios/oligohydramnios, neonatal jaundice, neonatal
fetal fetal growth

restriction, and cesarean section rate among the participants

hypoglycemia, distress, macrosomia,
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with a negative, zero, and positive weight gain (P > 0.05). The
results showed that no weight gain and negative weight gain had
no significant adverse effects on maternal and infant outcomes.
Existing findings have demonstrated a higher gestational
weight gain during the third trimester (28-36 weeks) to be
associated with LGA babies, higher insulin doses, and increased
postpartum 2-h OGTT results (23). Therefore, the one-day
outpatient service had a substantial impact on weight control
in pregnant women who had been diagnosed with GDM, as
demonstrated by the controlled weight gain in late pregnancy
and the reduced occurrence of related complications.

Collectively, the current study results showed that the
comprehensive one-day outpatient management of DM
may control blood glucose and body weight in GDM
patients with different pre-pregnancy BMIs. Overweight
or obese patients reflected a higher risk of developing
gestational hypertension/preeclampsia and neonatal jaundice.
Furthermore, these patients had a higher use rate of insulin
for controlling blood glucose. Some pregnant women showed
negative weight gain, no weight gain, or insufficient weight
gain, but these outcomes did not increase the risk of adverse
pregnancy outcomes; this may have been due to inappropriate
weight gain before or during early pregnancy. Therefore,
women of childbearing age should control their weight to
ensure they remain within a reasonable weight range before
becoming pregnant to reduce the risk of GDM.

The current study includes several limitations. First, all
of the participants were recruited from the authors’ hospital,
thus limiting the patient representation. Second, all patient
information was collected through the electronic medical
records system of the authors’ hospital, but, some important
measurements were not included. Third, since this had been
a cohort study, the authors lost some test information from
participants in the mid-phase of the study. Nevertheless, despite
these limitations, the authors can confidently assert that the
one-day outpatient service presents a promising and effective
strategy for improving the current management of women
with GDM.

References

1. McIntyre
Damm P. Gestational diabetes mellitus.
5:47. doi: 10.1038/s41572-019-0098-8

HD, Catalano P, Zhang C, Desoye G, Mathiesen ER,
Nat Rev Dis Primers. (2019)

2. Szmuilowicz ED, Josefson JL, Metzger BE. Gestational diabetes mellitus.
Endocrinol Metab Clin North Am. (2019) 48:479-93. doi: 10.1016/j.ec1.2019.05.001

3. O’sullivan Jb, Mahan Cm. Criteria for the oral glucose tolerance test in
pregnancy. Diabetes. (1964) 13:278-85.

4. IDF Diabetes Atlas. 9th edition (2019). Retrieved from: https://www.
diabetesatlas.org/en/ (accessed November 18, 2019).

5. Zhu Y, Zhang C. Prevalence of gestational diabetes and risk of
progression to type 2 diabetes: a global perspective. Curr Diab Rep. (2016)
16:7. doi: 10.1007/s11892-015-0699-x

Frontiersin Public Health

07

10.3389/fpubh.2022.1051582

Data availability statement

The original contributions presented in the study are
included in the article/supplementary material, further inquiries
can be directed to the corresponding authors.

Ethics statement

The studies involving human participants were reviewed
and approved by The Fourth Hospital of Shijiazhuang Ethics
Committee. The patients/participants provided their written
informed consent to participate in this study.

Author contributions

Conception and design of the research, acquisition of data,
and writing of the manuscript: Y-MC and MM. Analysis and
interpretation of the data: MM and WW. Statistical analysis and
critical revision of the manuscript for intellectual content: WW
and N-NC. All authors have read and approved the final draft.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

6. Nguyen CL, Pham NM, Binns CW, Duong DV, Lee AH. Prevalence of
gestational diabetes mellitus in eastern and southeastern asia: a systematic
review and meta-analysis. ] Diabetes Res. (2018) 2018:6536974. doi: 10.1155/2018/
6536974

7. Auvinen AM, Luiro K, Jokelainen J, Jirveld I, Knip M, Auvinen JJ, Tapanainen
S. Type 1 and type 2 diabetes after gestational diabetes: a 23 year cohort study.
Diabetologia. (2020) 63:2123-8. doi: 10.1007/s00125-020-05215-3

8. England LJ, Dietz PM, Njoroge T, Callaghan WM, Bruce C, Buus RM,
et al. Preventing type 2 diabetes: public health implications for women with

a history of gestational diabetes mellitus. Am ] Obstet Gynecol. (2009) 365.e1-
365.8. doi: 10.1016/j.2j0g.2008.06.031

9. Mosca L, Benjamin EJ, Berra K, Bezanson JL, Dolor RJ, Lloyd-Jones DM,
et al. Effectiveness-based guidelines for the prevention of cardiovascular disease in

frontiersin.org


https://doi.org/10.3389/fpubh.2022.1051582
https://doi.org/10.1038/s41572-019-0098-8
https://doi.org/10.1016/j.ecl.2019.05.001
https://www.diabetesatlas.org/en/
https://www.diabetesatlas.org/en/
https://doi.org/10.1007/s11892-015-0699-x
https://doi.org/10.1155/2018/6536974
https://doi.org/10.1007/s00125-020-05215-3
https://doi.org/10.1016/j.ajog.2008.06.031
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Cao et al.

women-2011 update: a guideline from the American heart association. Circulation.
(2011) 123:1243-52. doi: 10.1161/CIR.0b013e31820faaf8

10. S Shafaeizadeh S, Harvey L, Abrahamse-Berkeveld M, Muhardi L, M van der
Beek E. Public health, gestational diabetes mellitus is associated with age—speciﬁc
alterations in markers of adiposity in offspring: a narrative review. Int ] Environ
Res. (2020) 17. doi: 10.3390/ijerph17093187

11. Lu J, Zhang S, Li W, Leng J, Wang L, Liu H, et al. Maternal gestational
diabetes is associated with offspring’s hypertension. Am J Hypertens. (2019) 32:335-
42. doi: 10.1093/ajh/hpz005

12. Najafi F, Hasani J, Izadi N, Hashemi-Nazari SS, Namvar Z, Shamsi
H, et al. Risk of gestational diabetes mellitus by pre-pregnancy body mass
index: a systematic review and meta-analysis. Diabetes Metab Syndr. (2021)
15:102181. doi: 10.1016/j.dsx.2021.06.018

13. American Diabetes Association (ADA, 2011). Available online at: https://m.
haodf.com/neirong/wenzhang/415177679.html

14. Pérez-Ferre N, Galindo M, Fernandez MD, Velasco V, Runkle I, de la Cruz
M], et al. The outcomes of gestational diabetes mellitus after a telecare approach
are not inferior to traditional outpatient clinic visits. Int J Endocrinol. (2010)
3:386941. doi: 10.1155/2010/386941

15. Utz B, Assarag B, Smekens T, Ennassiri H, Lekhal T, El Ansari N, et al.
Detection and initial management of gestational diabetes through primary health
care services in Morocco: an effectiveness-implementation trial. PLoS ONE. (2018)
13:¢0209322. doi: 10.1371/journal.pone.0209322

16. Zhou Q, Wang Q, Shen H, Zhang Y, Zhang S, Li X. Prevalence of
diabetes and regional differences in Chinese women planning pregnancy: a

Frontiersin Public Health

08

10.3389/fpubh.2022.1051582

nationwide population-based cross-sectional study. Diab Care. (2017) 40:e16-
8. doi: 10.2337/dc16-2188

17. Riskin-Mashiah S, Damti A, Younes G, Auslander R. Pregestational body
mass index, weight gain during pregnancy and maternal hyperglycemia. Gynecol
Endocrinol. (2011) 27:464-7. doi: 10.3109/09513590.2010.495436

18. Chu SY, Kim SY, Lau J. Prepregnancy BMI and the risk of gestational
diabetes: a systematic review of the literature with meta-analysis. Obes Rev Re.
(2009) 10:487-8. doi: 10.1111/j.1467-789X.2009.00566.x

19. R Goldstein RF, Abell SK, Ranasinha S, Misso M, Boyle JA, Black
MH, et al. Association of gestational weight gain with maternal and infant
outcomes: a systematic review and meta-analysis. JAMA. (2017) 317:2207-
25. doi: 10.1001/jama.2017.3635

20. Onem MG, Coker C, Baysal K, Altunyurt S, Keskinoglu P. The effects of pre-
pregnancy obesity and gestational weight gain on maternal lipid profiles, fatty acids
and insulin resistance. Perinat Med. (2021) 49:873-83. doi: 10.1515/jpm-2020-
0540

21. Jeon EJ, Hong SY, Lee JH. Adipokines and insulin resistance according to
characteristics of pregnant women with gestational diabetes mellitus. Diab Metab
J. (2017) 41:457-65. doi: 10.4093/dmj.2017.41.6.457

22. Viecceli C, Remonti LR, Hirakata VN, Mastella LS, Gnielka V, Oppermann
ML, et al. Weight gain adequacy and pregnancy outcomes in gestational diabetes:
a meta-analysis. Obes Rev. (2017) 18:567-80. doi: 10.1111/0br.12521

23. Aiken CEM, Hone L, Murphy HR, Meek CL. Improving outcomes in
gestational diabetes: does gestational weight gain matter? Diabet Med. (2019)
36:167-76. doi: 10.1111/dme.13767

frontiersin.org


https://doi.org/10.3389/fpubh.2022.1051582
https://doi.org/10.1161/CIR.0b013e31820faaf8
https://doi.org/10.3390/ijerph17093187
https://doi.org/10.1093/ajh/hpz005
https://doi.org/10.1016/j.dsx.2021.06.018
https://m.haodf.com/neirong/wenzhang/415177679.html
https://m.haodf.com/neirong/wenzhang/415177679.html
https://doi.org/10.1155/2010/386941
https://doi.org/10.1371/journal.pone.0209322
https://doi.org/10.2337/dc16-2188
https://doi.org/10.3109/09513590.2010.495436
https://doi.org/10.1111/j.1467-789X.2009.00566.x
https://doi.org/10.1001/jama.2017.3635
https://doi.org/10.1515/jpm-2020-0540
https://doi.org/10.4093/dmj.2017.41.6.457
https://doi.org/10.1111/obr.12521
https://doi.org/10.1111/dme.13767~
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

	The therapeutic effects of attending a one-day outpatient service on patients with gestational diabetes and different pre-pregnancy body mass indices
	Introduction
	Materials and methods
	Study design
	Inclusion and exclusion criteria
	One-day outpatient service
	Statistical analysis

	Results
	Demographic characteristics
	Comparison of blood glucose changes among the three groups after the intervention
	Comparison of pregnancy outcomes among the three groups after the intervention
	Comparison of body weight changes among the three groups after the intervention
	The influence of weight gain on pregnancy outcomes after the one-day outpatient clinic

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher's note
	References


