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Abstract: Gestational diabetes mellitus (GDM) is one of the most common and severe
complications of pregnancy, which is not only associated with perinatal complications but
also has a long-term adverse effect on maternal and their offsprings. At present, the treatment
of GDM focuses on the control of maternal blood glucose. Although lifestyle changes,
hypoglycemic drugs, blood glucose monitoring, and other medicines that can improve
maternal blood glucose to a certain extent, there are still some patients affected and have
adverse pregnancy outcomes. The prevention of GDM and the treatment of improving
pregnancy outcomes are urgently needed. This review summarized recently published clin-
ical trials related with the treatment of GDM, aiming to provide additional options for the
treatment of GDM.
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Introduction

Gestational diabetes mellitus (GDM) is defined as carbohydrate intolerance onset
identified during pregnancy,’ has a wide range of prevalence worldwide, with
higher rates in the Middle East and North Africa, Southeast Asia and the Western
Pacific, and lowest rates in Europe.” A systematic review and meta-analysis results
showed that the incidence of GDM in mainland China was 14.8%, suggesting that
China may be the country with the most GDM patients in the world.’

GDM can lead to a variety of severe perinatal complications, including macro-
somia, fetal demise, shoulder dystocia, birth traumas, congenital anomalies, neona-
tal hypoglycemia, hyperbilirubinemia. The offspring of GDM also have an
increased risk of diabetes mellitus,” which is in accordance with the high preva-
lence of type 2 diabetes mellitus (T2DM)/pre-diabetes in adult offspring of women
with GDM or type 1 diabetes mellitus (T1IDM).> Furthermore, GDM is correlated
with an increased incidence of diabetes in offspring during childhood and
adolescence.® In addition, mothers with GDM are associated with an increased
risk of T2DM and cardiovascular disease later in life.” It is a recognized fact that
GDM affects the health of the fetus and mother. Therefore, the prevention and
treatment of GDM is extremely urgent.

At present, the treatment of GDM mainly includes medical nutrition therapy,
hypoglycemic drugs, blood glucose monitoring, among which the use of insulin is
still the main treatment. Although the use of insulin for women suffered from GDM
has already been demonstrated effective, the subcutaneous injection of insulin has

some inevitable disadvantages. Besides, the choice of oral hypoglycemic drugs is
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limited. Clinical trials have found that probiotics, fish oil,
Epigallocatechin 3-gallate (EGCG), minerals, and vita-
mins may bring additional benefits to patients with GDM.

Use “gestational diabetes mellitus” or “diabetes in
pregnancy ” AND “clinical trials” as the search query to
search the PubMed database systematically, and at the
same time apply the literature retrospective method to
search for appropriate articles. The inclusion criteria are
the literature of all clinical trials related to the treatment of
GDM in the PubMed database. Articles published between
2015 and 2020 are given priority. The exclusion criteria
In this
review, the recent clinical trials related to the treatment

are non-clinical randomized controlled trials.

of GDM are summarized and compared in order to inter-
vene in time for GDM patients or high-risk women of
GDM and ultimately improve pregnancy outcomes.

Lifestyle Intervention

Diet management and moderate exercise are included in
lifestyle interventions. Lifestyle interventions are safe
interventions that are beneficial for a wide range of dis-
eases, and physical exercise as one of these lifestyle inter-
ventions is important for reducing the risk of
cardiovascular disease and T2DM.*”?

In a small-scale study (n=38), on the basis of standard
prenatal care, women with GDM were instructed to
engage in personalized, structured aerobic and resistance
exercise for 50-55 minutes twice a week until delivery (at
least six weeks).'” The study found that in the intervention
group, the average postprandial blood glucose levels were
lower at the end of pregnancy and absence of pregnancy
complications. However, there was no significant improve-
ment in weight gain in pregnancy and neonatal body mass
index (BMI). It suggested that structured aerobic and
resistance exercise is safe and effective in improving post-
prandial blood glucose in patients with GDM.

Regarding whether lifestyle has a preventive effect on
women at high risk of GDM, in 2017, a prospective ran-
domized trial in China divided early pregnant women who
were overweight or obese (BMI> 24 kg/m?) into exercise
group (n=150) and control group (n=150) until 37 weeks
of gestation, the results showed that the incidence of GDM
in the experimental group who received cycling at least 30
minutes three times a week was significantly lower than
that in the control group.'' The Finnish Gestational
Diabetes Prevention study (RADIEL) found that pregnant
women with a high risk of GDM who were prior to 20

weeks of gestation (with a previous history of GDM, BMI

> 30 kg/m” or both) received personalized lifestyle inter-
ventions (n=144), including appropriate exercise and diet
interventions, the incidence of GDM was 13.9%, while the
incidence of GDM in the control group (received standard
prenatal care, n=125) was 21.6%.'? Besides, weight gain
in pregnancy in the intervention group was less. It indi-
cated that appropriate lifestyle intervention for patients
with a high risk of GDM is beneficial to reduce the
incidence of GDM and reduce weight gain in pregnancy.

Although the specific schemes of the intervention
group were different in these studies, personalized lifestyle
interventions benefited both the improvement of blood
glucose in patients with GDM and the prevention of
patients at high risk of GDM. However, the GeliS study
showed that recommendations for lifestyle changes did not
significantly improve pregnancy weight gain and the risk
of GDM in pregnant women with pre-pregnancy BMI
between 18.5 and 40 kg/m?."* It is worth mentioning that
these studies do not clarify whether lifestyle intervention
has a beneficial effect on the long term.

In Table 1, we summarize basic characteristics and
advantages/disadvantages of clinical trials related to life-
style intervention.

Hypoglycemic Agents
Insulin and Insulin Analogs
Insulin and insulin analogs are often recommended as
a first-line treatment when blood glucose fails to reach
the target blood glucose levels after controlled diet and
physical activity. The benefit of insulin and insulin analogs
is that they cannot cross the placental barrier. Insulin
reduces blood glucose levels by regulating glucose meta-
bolism. There are a variety of commonly used insulin
preparations, including rapid insulin, short-acting insulin,
intermediate-acting insulin, long-acting insulin. It is easier
to use short-acting insulin or rapid-acting insulin before
each meal in combination with basal insulin at night for
blood glucose control. However, it is not clear which of
certain types of insulin has the best efficacy and safety.
A small clinical study compared the efficacy and safety
of insulin aspart 5 minutes before each meal or regular
human insulin injection 30 minutes before each meal on
women with GDM (n=27) who used insulin neutral prota-
mine Hagedorn (NPH) two daily doses as basal insulin,
and the results indicated that mean blood glucose level 30
minutes after the meal in insulin aspart group was lower
than that in regular human insulin group (4.7+0.19 mmol/l
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Table | Basic Characteristics and Advantages/Disadvantages of Clinical Trials Related to Lifestyle Intervention

Clinical Trials Participants Group Outcome Advantages/Disadvantages of Clinical Trials
Assignment | Assessments
Sklempe Kokic, GDM patients Exercise: GC and other health- Combination of a structured aerobic and
I. et al'® (2018) n=18 related outcomes resistance exercise/Small sample size
Control:
n=20
Wang, C. et al'' Overweight/obese Exercise: The prevalence of GDM | Regular cycling exercise/Lack of dietary
(2017) pregnant women n=150 intervention
Control:
n=150
Koivusalo, Pregnant women with Lifestyle: The prevalence of GDM | Individualized counseling
S.B.etal'? (2016) | high-risk of GDM n=144 on lifestyle
Control:
n=125
Kunath, J. et al'? Pregnant women Lifestyle: The prevalence of GDM | Face-to-face counselling sessions
(2019) n=1152
Control:
n=1134

Abbreviations: GDM, gestational diabetes mellitus; GC, glycaemic control.

vs 5.1£0.23 mmol/l), mean peak blood glucose concentra-
tion and change from baseline for C-peptide in the insulin
aspart group was lower. Overall efficacy and safety were
similar between the two groups.'*

Another clinical trial compared the effects of insulin
aspart, regular human insulin and no exogenous insulin on
the treatment of GDM (n=15), the results showed that
insulin aspart decreased the peak postprandial blood glu-
cose more significantly than that of regular human insulin
as well as no exogenous insulin."”

As mentioned above, insulin aspart may have an
advantage in reducing postprandial blood glucose and
keeping postprandial blood glucose stable. Since the
increase in postprandial blood glucose concentration is
associated with an increased risk of macrosomia,'¢ the
use of insulin aspart may have a potentially more benefi-
cial effect on the reduction of newborn birth weight,
although Pettitt DJ et al found that neonatal weight was
comparable in both groups.'* Nevertheless, the sample
size of the above two studies is small, and large-scale
studies are needed to confirm this hypothesis.

Insulin detemir and NPH are used as basal insulin in
patients with GDM. In 2015, a prospective randomized
controlled non-inferiority trial found that pregnant
women with GDM and T2DM (n=87) were randomly
treated with insulin detemir or NPH on the basis of
adding insulin aspart as needed, the study reported that

the overall mean blood glucose, fasting plasma glucose
and postprandial blood glucose were similar in the two
groups, and the results were similar after removing
T2DM.'7 There was no difference in perinatal outcomes
and maternal weight gain between the two groups. Still,
the proportion of hypoglycemia was higher in the NPH
group (36% vs 26%), and half of the hypoglycemia
events were nocturnal, although there was no statistical
difference.

However, in another randomized controlled trial, treat-
ment of pregnant women with TIDM with insulin aspart
plus insulin detemir (n=152) or NPH (n=158), the results
showed that fasting plasma glucose levels were lower in
the insulin detemir group than in the NPH group at 24
weeks of gestation (96.8 vs 113.8 mg/dL) and 36 weeks of
gestation (85.7 vs 97.4 mg/dL), and there was no increased
risk of occurrence of hypoglycemic events. The estimated
Alc at 36 weeks of gestation was slightly lower (6.27% vs
6.33%) in insulin detemir group.'®

In regards to the effectiveness of the treatment regimen of
basal insulin in combination with bolus insulin, a randomized
controlled study in 2019 compared the effects of regular
human insulin and NPH with Novo-rapid and Levemir insu-
lin on blood glucose control in patients with GDM (n=100),
the study found that the two groups were similar in control-
ling blood sugar, but the latter had more advantages in terms
of patient satisfaction and hospital stays.'?

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14

submit your manuscript

317

Dove


http://www.dovepress.com
http://www.dovepress.com

Chen et al

Dove

Table 2 Basic Characteristics and Advantages/Disadvantages of Clinical Trials Related to Insulin Intervention

(2019) lAsp + IDet: n=50

Clinical Trials Participants Group Assignment Outcome Advantages/Disadvantages of

Assessments Clinical Trials
Pettitt, D. J. et al'* | GDM patients 1Asp: n=14 GC Contains an analysis of the safety
(2007) HI: n=13 and immunogenicity
Pettitt, D. J. et al'®> | GDM patients 3 meal tests with no exogenous | GC Short-term efficacy and small
(2003) insulin, HI, or |Asp sample size

(n=15)

Herrera, GDM patients and NPH: n=45 Overall mean BG Open-label and lack of cost
K.M.etal'” (2015) | T2DM in pregnancy IDet: n=42 analysis of interventions
Mathiesen, Pregnant women with NPH: n=158 GC, maternal Open-label
E. R etal'® (2012) | TIDM IDet: n=152 hypoglycemia, and

maternal safety
Amini, F. G. et al'” | GDM patients HI + NPH: n=50 GC Contains comparison of patients’

satisfaction

Abbreviations: GDM, gestational diabetes mellitus; GC, glycaemic control; BG, blood glucose; IAsp, insulin aspart; HI, regular human insulin; IDet, insulin detemir; NPH,

neutral protamine Hagedorn.

In Table 2, we summarize basic characteristics and
advantages/disadvantages of clinical trials related to insu-
lin intervention.

Oral Anti-Diabetic Agents

Metformin

Metformin is a biguanide oral hypoglycemic drug, which
can reduce gluconeogenesis and increase insulin
sensitivity.” It is widely used in T2DM.

With regards to the effects of metformin on mothers
during pregnancy, a study compared the efficacy of met-
formin (initial dose of 500mg at noon, maximum dose of
1500mg in three doses) and insulin (insulin detemir at
night and insulin aspart before meals) in the treatment of
GDM (n=286).%° The results showed that metformin and
insulin were equally effective in controlling maternal
blood glucose. A recently published prospective, multi-
center, international, randomized controlled clinical trial
(MiTy) included a total of 502 women with T2DM in
pregnancy who were given placebo (n=249) or metformin
(n=253) 1000 mg twice a day on the basis of insulin
treatment, the study found that compared with the placebo
group, women in the metformin group had better glycae-
Besides, in 2016,

a meta-analysis included 1712 patients with GDM from

mic control and less weight gain.?'

eight randomized controlled trials, and the study found
that most patients in the metformin group had their blood
glucose well controlled, and their total weight gain
reduced.”” The incidence of preeclampsia and cesarean

section was similar in the metformin group compared
with the insulin group.

With regards to the effects of metformin on postpar-
tum or long-term outcomes in patients with GDM,
a follow-up study compared the effects on maternal
weight and postpartum glucose tolerance in women diag-
nosed GDM who needed medication treatment to achieve
the target value of blood glucose including metformin
group (n=110) and insulin group (n=107) with patients
who needed only diet (n=128).%* The results showed that
there was no significant difference in weight gain, oral
glucose tolerance test (OGTT) glucose values, and gly-
cosylated hemoglobin Alc (HbAlc) between metformin
group and insulin group and diet-only group in 6-8
weeks or one year postpartum. However, the risk of
impaired glucose tolerance or diabetes in the diet-only
group was lower than that in the metformin group and
insulin group. Another randomized controlled study con-
firmed that women with a history of GDM had a higher
risk of developing diabetes than women without
a history of GDM.?* Moreover, metformin has been
found to be effective in slowing down the progression
of diabetes.

Metformin can penetrate the placenta, so it is worried
about whether it will affect the fetus or newborn. B. Zhu
et al found that metformin treatment of GDM reduced
neonatal hypoglycemia and neonatal at intensive care
unit (NICU) admissions, did not increase the risk of pre-
term delivery, and no other severe adverse reactions were
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observed.”? A clinical trial found that adverse neonatal
outcomes including neonatal hypoglycemia, NICU, gesta-
tional age <37 weeks at birth, birth trauma, term birth,
Apgar score at 5 min <7, birth weight were not signifi-
cantly improved in women with GDM treated with met-
formin compared with insulin treatment.”® However, the
MiTy study found that the metformin group was beneficial
to neonatal adiposity compared with the placebo group,
but it increased the proportion of infants who were small-
for-gestational-age infants.?!

Metformin was similar to insulin in controlling blood
glucose, and no obvious adverse pregnancy outcomes were
observed. However, the associated potential and the long-
term effects caused by metformin on generations need to
be further evaluated.

Glyburide

Glyburide is a sulfonylurea oral anti-diabetic agent. The
American College of Obstetricians and Gynecologists con-
siders glyburide as the first-line drug for blood glucose
control.

In 2015, a randomized placebo-controlled trial divided
women with mild GDM who received dietary therapy (at
least two abnormal values in a 3-hour 100g OGTT and
fasting plasma glucose less than 105 mg/dl between 24
and 30 weeks of pregnancy) into two groups: glyburide
group (n = 189) and placebo group (n = 186).>> The results
revealed that on the basis of dietary therapy, the addition
of glyburide significantly improved maternal blood glu-
cose control, but no benefits were found to improve birth
weight and pregnancy outcomes compared with the pla-
cebo group.

In addition, a French multicenter non-inferiority study
compared glyburide (initial dose 2.5 mg/d, maximum dose
20 mg/d) and insulin (rapid-acting analogs 1 to 3 times
before meals and basal insulin at bedtime as needed) on
perinatal complications in patients with GDM (n=809).%°
The study found that the proportion of well-controlled
fasting plasma glucose in the glyburide group (71.7%)
was higher than that in the insulin group (63.2%); how-
ever, a composite criterion includes macrosomia, neonatal
hypoglycemia, and hyperbilirubinemia in glyburide group
is 4.2% higher than that in insulin group, suggesting that
glyburide is beneficial to blood glucose control, but may
have adverse effects on newborns. Post hoc analysis
showed that the proportion of neonatal hypoglycemia in
the glyburide group was higher than that in the insulin
group. Ancillary analysis of the above study showed that

41.1% of women with GDM treated with glyburide had at
least one episode hypoglycemia, compared with 9.1% in
the insulin group. It is worth mentioning that the propor-
tion of severe maternal hypoglycemia in the glyburide
trial.>’

Therefore, pregnant women receiving glyburide should

group decreased during the course of the

closely monitor glucose of pregnant women and newborns
to reduce the occurrence of hypoglycemic events, whether
it is maternal hypoglycemia or neonatal hypoglycemia. To
sum up, glyburide is beneficial to maternal blood glucose
control, but it is not considered the first choice because of
the increased risk of perinatal complications.

There are relatively many studies on metformin and
glyburide in GDM compared with other oral antidiabetic
agents; metformin and glyburide have the advantages of
easy management, low cost, and high patients’
compliance.”® Few studies have compared metformin
with glyburide in the treatment of GDM. A prospective
randomized controlled study used glyburide (n=53) and
metformin (n=51) as first-line treatment in GDM women
between 13 and 33 weeks of gestation.”” Treatment fail-
ures included poor blood glucose control or adverse reac-
tions, adding or replacing another drug as second-line
treatment, and insulin as third-line treatment. The study
found that the success rate of metformin group was higher
than that of glyburide group after second-line treatment
(87% vs 50%); the glyburide group was more likely to end
up receiving insulin treatment than the metformin group
(17% vs 4%); mean daily blood glucose and obstetric and
neonatal outcomes were similar in both groups. It is worth
mentioning that the proportion of adverse reactions caused
by glyburide (hypoglycemic) is slightly higher than that of
metformin (gastrointestinal discomfort), although there
was no statistical significance. It is suggested that metfor-
min may have more advantages than glyburide in the
treatment of GDM. Nevertheless, the sample size of
above clinical trial is small, and large-scale studies are
needed to confirm the results.

Based on the above studies, clinical trials have found
that regardless of whether metformin or glyburide is used to
treat GDM, there will eventually be different proportions of
pregnant women who need insulin treatment in order to
achieve the target blood glucose values.?’?**3262° The
treatment of mild GDM with glyburide on the basis of
dietary therapy did not reduce the use of insulin.®
However, another prospective randomized controlled trial,
using insulin as a third-line treatment, found that the com-
bination of glyburide and metformin significantly reduced
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insulin use.?” Since oral anti-diabetic agents seem to be
more acceptable than insulin, which can be reflected in

1 insulin can be used

the results of Brian M. Casey et a
as second-or third-line therapy for GDM who prefer oral
hypoglycemic drugs. Although no FDA approval for oral
hypoglycemic agents, more and more studies on oral hypo-
glycemic agents used in patients with GDM have shown
that metformin or glyburide can provide good glycaemic
control. However, they also have different safety issues.
Therefore, when using oral hypoglycemic agents to treat
pregnant women, they should be informed of the possible
risks due to oral hypoglycemic agents that can penetrate the
placenta. The long-term effect of oral hypoglycemic agents
used in pregnant women on the offspring still needs numer-
ous studies to verify.

In Table 3, we summarize basic characteristics and
advantages/disadvantages of clinical trials related to oral
anti-diabetic agents’ intervention.

Other Treatments

Anti-Inflammatory and Antioxidant Stress
Probiotics and Fish Oil

GDM is associated with insulin resistance, which is also
associated with inflammation and oxidation. Probiotics
and fish oil have been shown to have anti-inflammatory
and antioxidant effects. Probiotics and fish oil may
improve insulin resistance through this mechanism and
have a beneficial effect on GDM.

A small randomized controlled trial compared the
effects of probiotic supplements (including 1000 million
colony-forming units (CFU) of Lactobacillus acidophilus
and 1000 million CFU of Bifidobacterium bifidum, n=28)
and placebo (n=29) for four weeks on insulin resistance in
GDM who needed only dietary therapy at 24-28 weeks of
gestation.”® The results showed that probiotic supplements
greatly reduced fasting plasma glucose (0.68+5.88 vs
4.620+7.78 mg/dL), fasting plasma insulin (1.11£1.71 vs

Table 3 Basic Characteristics and Advantages/Disadvantages of Clinical Trials Related to Oral Anti-Diabetic Agents Intervention

Clinical Participants Group Assignment Outcome Advantages/Disadvantages of Clinical Trials
Trials Assessments
Ghomian, GDM patients Metformin: n=143 GC and fetal Lack of prolonged follow-up of the infants
N. et al®® Insulin: n=143 outcomes
(2019)
Feig, D. Pregnant women Metformin + insulin: n=253 GC, neonatal A prospective, multicentre, international, double-
S. etal?! with T2DM Placebo + insulin: n=249 morbidity and masked trial/The results might not apply to women on
(2020) mortality metformin alone
Pellonpera, GDM patients Metformin: n=110 Weight gain and A prospective clinical trial (6-8 weeks and | year
O.etal® Insulin: n=107 glucose tolerance postpartum)
(2016) Diet: n=128 postpartum
Aroda, Women with and History of GDM (Placebo/ Fasting plasma A 10-year follow-up period
V.R. et al** without a history Metformin/Lifestyle): n=122/ | glucose and OGTT
(2015) of GDM Iz
No history of GDM
(Placebo/Metformin/
Lifestyle): n=487/464/465
Casey, Mild GDM Glyburide + diet: n=189 Pregnancy The study was performed at a single institution
B. M. etal® | patients Placebo + diet: n=186 outcomes
(2015)
Senat, GDM patients Glyburide: n=367 Neonatal perinatal | A multicenter study/Some criteria were not
M. V. et al*® Insulin: n=442 complications prespecified in the initial protocol
(2018)
Nachum, GDM patients Glyburide: n=53 The rate of A prospective trial and the use of multiple aspects for
Z. etal® Metformin: n=51 treatment failure evaluating treatment results/No blind allocation of
(2017) and GC treatment

Abbreviations: GDM, gestational diabetes mellitus; GC, glycaemic control; OGTT, oral glucose tolerance tests.
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3.7741.70 mlIU/L), and homeostasis model assessment-
insulin resistance (HOMA-IR) in GDM who only needed
dietary therapy in the late second- and early third trimester
of pregnancy, but had no effect on maternal weight gain.

Another clinical trial found that daily administration of
probiotics including Lactobacillus acidophilus (2*10° CFU/
g), L.casei (2*10° CFU/g) and Bifidobacterium bifidum
(2*10° CFU/g) for six weeks improved fasting plasma glucose,
serum insulin levels, HOMA-IR, HOMA for B-cell function
(HOMA-B) and increased insulin sensitivity check index in
women with GDM compared with the placebo group.®' In
addition, probiotics were found to be effective in decreased
triglycerides and very low-density lipoprotein (VLDL).

However, a meta-analysis in 2017 included four high-
quality clinical trials involving 288 patients with GDM, and
the results showed that probiotics supplement for 6 to 8 weeks
significantly reduced insulin resistance, but had no effect on
fasting plasma glucose, gestational weight gain, low-density
lipoprotein (LDL), delivery method and neonatal outcomes.*>
Thus, whether probiotic supplements are beneficial to improv-
ing fasting plasma glucose levels and maternal weight change
is still controversial, and further clinical trials are needed.

Probiotic supplements have been shown to improve
insulin resistance in pregnant women with GDM, which
can be used as adjuvant drugs for patients with GDM, but
the time of taking probiotics is short and contains different
probiotic components and dosages. The most beneficial
probiotic composition, dosages, and intervention times
are worth further exploration. Besides, it is worth mention-
ing that the above studies lack data of probiotics on fetuses
or newborns, and attention should be paid to whether it
will affect the offspring of GDM.

Given the benefits of probiotics for insulin resistance in
patients with GDM, it is not surprising to consider whether
probiotics can prevent GDM. The Study of Probiotics In
Gestation (SPRING) divided overweight and obese pregnant
women (n=411) who were prior to 20 weeks of gestation into
group
Bifidobacterium animalis subspecies lactis) and placebo

probiotics (Lactobacillus ~ rhamnosus  and
group, and the results showed that the incidence of GDM
was 18.4% in the probiotics group diagnosed by OGTT at 28
weeks of gestation, and 12.3% in the placebo group, with no
statistically significant difference.*® It was also found that in
the OGTT, the probiotic group had higher mean fasting plasma
glucose than the placebo group, and the incidence of excessive
weight was lower. This study failed to conclude that taking
probiotics in the second trimester of overweight and obese

pregnant women can prevent GDM.

In another randomized controlled trial, pregnant women
with a history of atopic diseases in a person or partner ran-
domly taken the probiotic Lactobacillus thamnosus HNOO1
(6109 CFU, n=212) or placebo (n=211) for the pregnancy,
the results showed that the incidence of GDM was assessed
using the International Association of Diabetes and Pregnancy
Study Groups (IADPSG) guideline at 24 to 30 weeks of
gestation in the HNOO1 group had lower tendency than the
control group, using New Zealand guideline, significantly
lower incidence of GDM in the HNOO1 group than the placebo
group (2.1% vs 6.5%).>* Also, a higher 5-min Aspar score was
observed in the HNOO1 group, and no detrimental effect was
found on birth outcome. In the clinical trials described above,
differences between the guidelines used to assess the preva-
lence of GDM and in the included population may have an
impact on the results, and future studies need to take these
factors into account.

Fish oil contains omega-3fatty acid. A clinical study
observed the effects of 1000 mg omega-3fatty acid (containing
360 mg eicosapentaenoic acid (EPA) and 240 mg docosahex-
aenoic acid (DHA)) twice a day and/or 50000 IU vitamin
D every 2 weeks for six weeks on glucose metabolism in
patients with GDM (n=140)." The results showed that
omega-3 fatty acid combined with vitamin D had positive
effects on fasting plasma glucose and improved insulin resis-
tance, and found a reduction in serum triglyceride and very
low-density lipoprotein. This result is similar to that of probio-
tics in patients with GDM.>!

A meta-analysis in 2020 included four clinical randomized
controlled trials of patients with GDM and concluded that the
combination of vitamin and omega-3fatty acid was beneficial
to the metabolism of patients with GDM.*® Due to the small
sample size of the included studies, large-scale studies were
needed to evaluate the effect of their combination.

However, a double-blind, randomized controlled trial
found that patients with GDM (n=20) who took 1000 mg
fish oil capsule containing 180 eicosapentaenoic acid and
120 mg docosahexaenoic acid twice daily for six weeks
had lower fasting plasma glucose and serum triglyceride
levels and increased levels of low-density lipoprotein and
high-density lipoprotein than those in the placebo group.’’
In general, fish oil/omega-3 fatty acid can improve the
glucose and lipid metabolism of GDM. A randomized
controlled trial compared the prevalence of GDM in over-
weight and obese women (BMI> 25 kg/m?, n=439) who
took fish oil + placebo, fish oil + probiotics, probiotics +
placebo and placebo + placebo, and the results showed that
there was no significant difference in the prevalence of

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14

submit your manuscript

321

Dove


http://www.dovepress.com
http://www.dovepress.com

Chen et al

Dove

GDM among groups, suggesting that fish oil and/or pro-
biotics did not reduce the risk of GDM in overweight or

obese women.>®

In Table 4, we summarize basic characteristics and
advantages/disadvantages of clinical trials related to pro-

biotics and fish oil intervention.

Table 4 Basic Characteristics and Advantages/Disadvantages of Clinical Trials Related to Probiotics and Fish Oil Intervention

Clinical Participants Group Outcome Assessments Advantages/Disadvantages of Clinical Trials
Trials Assignment
Kijmanawat, Diet-controlled Probiotic: Insulin resistance A double-blind study/Lack of data on the gut
A et al*® GDM patients n=28 microbiota composition at baseline or after the
(2019) Placebo: intervention
n=29
Karamali, GDM patients Probiotic: GC and lipid profiles Double-blind design and its consideration of
M. et al®! n=30 confounding variables/small sample size
(2016) Placebo:
n=30
Callaway, Overweight and Probiotic: The prevalence of GDM A double-blind RCT
L K. et al*® obese pregnant n=207
(2019) women. Placebo:
n=204
Wickens, Women in early HNOOI: The prevalence of GDM Good follow-up rates and
K. L. etal* pregnancy n=212 good generalisability/Lack of maternal
(2017) Placebo: anthropometric measures
n=211
Jamilian, GDM patients Vitamin D: GC and lipid concentrations A single-center study and lack of measurements of
M. et al*® n=35 fatty acids fractions at the baseline and end of the trial
(2017) Omega-3:
n=35
Vitamin D +
omega-3:
n=35
Placebo:
n=35
Jamilian, GDM patients Omega-3: Gene expression related to insulin | Lack of evaluation of fatty acids profiles levels and
M. et al¥’ n=20 action, blood lipids, and plasma adiponectin levels at the baseline and end of
(2018) Placebo: inflammation the trial
n=20
Pellonpera, Overweight and Fish oil + Glucose metabolism and Combine fish oil with probiotics
O. etal®® obese pregnant placebo: prevalence of GDM
(2019) women. n=109
Probiotics +
placebo:
n=110
Fish oil +
probiotics:
n=109
Placebo +
placebo:
n=110

Abbreviations: GDM, gestational diabetes mellitus; GC, glycaemic control; RCT, randomized controlled trial.
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EGCG

GDM is associated with oxidative stress and inflammation.
EGCG has the effects of anti-inflammation, antioxidation
and promoting insulin secretion, and is currently used as
an anti-tumor agent. A clinical trial observed the effects of
EGCG (n=176) on maternal and neonatal outcomes in
pregnant women diagnosed with GDM in the third trime-
ster of pregnancy and found that 500 mg EGCG daily was
effective in eliminating diabetic symptoms and improving
maternal and neonatal outcomes in patients with GDM.*

Minerals and Vitamins

Existing relevant clinical trials demonstrated that some
minerals and vitamins, including magnesium,4° zinc,41
calcium, and vitamin D,** could reduce inflammation and
oxidative stress. Pregnant women with GDM have signifi-
cantly lower serum levels of magnesium, calcium, zinc,
and vitamin D than healthy pregnant women,**"** leading
to an interest in treating GDM with minerals and/or
vitamins.

In a clinical trial, 70 patients with GDM who were
given either 250 mg of magnesium oxide or placebo for
six weeks, magnesium oxide supplementation was shown
to be beneficial in reducing fasting plasma glucose, plasma
insulin concentration, HOMA-IR, HOMA-B, high sensi-
tivity C-reactive protein and plasma malondialdehyde con-
centrations, besides, magnesium supplement group the
prevalence of neonatal hyperbilirubinemia was 5.9%,
while in the control group was 26.5%.%° It is suggested
that magnesium supplementation may improve glucose
metabolism and reduce certain adverse pregnancy out-
comes in patients with GDM. In another clinical study,
improvements in blood glucose control and blood lipids
(except for HDL levels) were found in women with GDM
who received supplements of 250 mg magnesium oxide
plus 400 1U/day vitamin E (n=30) or placebo (n=30) orally
for six weeks.* However, the sample size of the above
research is small, which needs to be confirmed by large-
scale studies in the future.

Magnesium, zinc, calcium, and vitamin D are related to
anti-inflammation, antioxidant, and lipid metabolism, and
in theory their combination may be more effective than
a single drug. A randomized controlled trial observed the
effects of oral magnesium-zinc-calcium-vitamin D co-
supplementation (100 mg magnesium, 4 mg zinc,
400 mg calcium, 200 IU vitamin D) or placebo on bio-
markers associated with inflammation and oxidative stress
in GDM patients (n=60) without taking oral hypoglycemic

drugs for six weeks."® The results showed that magne-
sium-zinc-calcium-vitamin D co-supplementation could
the
C-reactive protein and plasma malondialdehyde and

reduce concentration of serum high-sensitivity
increase the total antioxidant capacity. Also, neonatal
weight and the incidence of macrosomia in the interven-
tion group tended to decrease.

Another study observed the effects of oral magnesium-
zinc-calcium-vitamin D co-supplementation (100 mg mag-
nesium, 4 mg zinc, 400 mg calcium, 200 IU vitamin D) or
placebo on glycemic control and cardio-metabolic risk
biomarkers in GDM patients (n=60) for six weeks.*” The
study found that magnesium-zinc-calcium-vitamin D co-
supplementation treatment for six weeks significantly
improved glycemic control and significantly reduced
serum triglycerides and VLDL concentrations. However,
the study did not compare and analyze single minerals or
vitamins with combined use.

In general, taking some mineral and vitamin supple-
ments, either alone or in combination, is beneficial for
patients with GDM, and no obvious adverse effects have
been found. Therefore, it is hoped that they will be widely
used as adjunct drugs for patients with GDM. However,
the above studies are small in scale and are given six
weeks of intervention, and although some trials evaluate
pregnancy outcomes, they do not cover all pregnancy out-
comes. Therefore, large-scale studies are needed to evalu-
ate the effects of minerals and/or vitamins.

In Table 5, we summarize basic characteristics and
advantages/disadvantages of clinical trials related to
EGCG, mineral and vitamin intervention.

Blood Glucose Monitoring
Blood glucose monitoring is essential throughout pregnancy
in patients with GDM, whether for the health of the pregnant
woman or the fetus. The frequency of blood glucose mon-
itoring should be paid attention to. A randomized controlled
trial found that for well-controlled GDM patients, blood
glucose monitoring every other day (n=144) compared
with daily blood glucose monitoring (n=149) found no
increase in pregnancy complications and adverse neonatal
outcomes, and higher compliance.*® It is suggested that
blood glucose monitoring every other day is more accepta-
ble to GDM patients with good glycemic control than daily
blood glucose monitoring and does not come at the expense
of increasing the adverse pregnancy outcomes.

Continuous glucose monitoring (CGM) has high sensi-
tivity and can dynamically reflect the changes in blood
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Table 5 Basic Characteristics and Advantages/Disadvantages of Clinical Trials Related to EGCG, Minerals and Vitamins Intervention

Clinical Participants | Group Outcome Assessments Advantages/Disadvantages of Clinical Trials
Trials Assignment
Zhang, GDM EGCG: n=176 Maternal and neonatal outcomes Report the potential therapeutic value of EGCG in
H. et al*’ patients Placebo: n=150 GDM
(2017)
Asemi, GDM Magnesium: n=35 Metabolic status and pregnancy A double-blind RCT/Lack of other biomarkers of
Z. etal® patients Placebo: n=35 outcomes systemic inflammation or oxidative stress
(2015)
Maktabi, GDM Magnesium and Metabolic status Lack of assessment of the effects of each
M. et al*® patients vitamin E: n=30 supplement on GC and lipid profiles
acebo: n=
2018 Placeb 30
amilian, agnesium-zinc- arameters of inflammation an mall sample size and short duration of intervention
| GDM Magi P: f infl d Small pl d short d f
M. et al* patients calcium-vitamin oxidative stress, and pregnancy
1 n= outcomes

2019 D: n=30

Placebo: n=30
Karamali, GDM Magnesium-zinc- GC and cardio-metabolic risk Lack of assessment of single supplementation
M. et al¥’ patients calcium-vitamin D: | markers comparison with co-supplementation the beneficial
(2018) n=30 effects

Placebo: n=30

Abbreviations: GDM, gestational diabetes mellitus; EGCG, epigallocatechin 3-gallate; GC, glycaemic control; RCT, randomized controlled trial.

glucose. A randomized controlled trial in Malaysia found
that glycosylated hemoglobin (HbAlc) increased by
Immol/L from 28 to 37 weeks gestation in patients with
GDM (n=50) who needed insulin therapy using retrospec-
tive CGM (6-day sensor) at 28, 32, and 36 weeks gesta-
tion, compared with an increase of 3 mmol/L in the control
group.*” Mean HbAlc in the retrospective CGM group
remained stable with the progression of pregnancy, while

that in the control group increased, and retrospective CGM
did not increase the incidence of hypoglycemia events.
However, in another multicenter Glucose Monitoring
with Sensor (GlucoMOMS) trial, intermittent retrospec-
tive CGM (n=147) or standard treatment (n=153) was
performed in pregnant women (n=300) who were diag-
nosed with TIDM or T2DM or GDM who needed
insulin therapy, the results showed that the incidence

Table 6 Basic Characteristics and Advantages/Disadvantages of Clinical Trials Related to CGM Intervention

Clinical Trials | Participants | Group Outcome Advantages/Disadvantages of Clinical Trials
Assignment Assessments
Mendez- Well- Testing BG Birth weights The primary endpoint, birth weight, may lack clinical
Figueroa, controlled daily: n=149 meaningfulness
H. et al*® GDM Testing BG
(2017) patients every
other day:
n=144
Paramasivam, Insulin- CGM: n=25 HbAlc Small sample size and single centre
S. S etal® treated GDM | Control: n=25
(2018) patients
Voormolen, Diabetic CGM: n=147 Macrosomia, GC, Inclusion of all types of diabetes/The high number of patients
D. N. et al*® pregnancies Control: n=153 | maternal and neonatal that refused continued use of the CGM after the first or second
(2018) complications time
Abbreviations: GDM, gestational diabetes mellitus; BG, blood glucose; CGM, continuous glucose monitoring; HbAlc, glycosylated hemoglobin Alc; GC, glycaemic
control.
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of macrosomia was 31.0% in the CGM group and
28.4% in the control group,’® suggesting that intermit-
tent retrospective CGM had no improvement in reducing
the risk of macrosomia.

In Table 6, we summarize basic characteristics and
advantages/disadvantages of clinical trials related to
CGM intervention.

CGM is a blood glucose monitoring method that should
not been ignored, which is beneficial to the blood glucose
control and the avoidance of hypoglycemia, but there are
few studied on the effect of CGM on pregnancy outcomes in
patients with GDM, which may require further attention.

Conclusions

Most patients with diabetes in pregnancy can be controlled
with basic treatment such as insulin and lifestyle interven-
tions, and the development of CGM also provides conve-
nience. However, for some patients, especially those with
pregestational diabetes mellitus, glycemic control is diffi-
cult, so the application of oral agents and other adjuvant
therapy is possible, and its safety and effectiveness need to
be supported by large sample clinical trials.
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