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ABSTRACT

Introduction:  Insulin is the first-line phar-
macologic therapy for women with diabetes in 
pregnancy. However, conducting well-designed 
randomized clinical trials (RCTs) and achieving 
recommended glycemic targets remains a chal-
lenge for this unique population. This system-
atic literature review (SLR) aimed to understand 
the evidence for insulin use in pregnancy and 
the outcome metrics most often used to charac-
terize its effect on glycemic, maternal and fetal 

outcomes in gestational diabetes mellitus (GDM) 
and in pregnant women with diabetes.
Methods:  An SLR was conducted using elec-
tronic databases in Medline, EMBASE via Ovid 
platform, evidence-based medicine reviews 
(2010–2020) and conference proceedings (2018–
2019). Studies were included if they assessed the 
effect of insulin treatment on glycemic, mater-
nal or fetal outcomes in women with diabetes in 
pregnancy. Studies on any type of diabetes other 
than gestational or pre-existing diabetes as well 
as non-human studies were excluded.
Results:  In women diagnosed with GDM or 
pre-existing diabetes, most studies compared 
treatment of insulin with metformin (n = 35) fol-
lowed by diet along with lifestyle intervention 
(n = 24) and glibenclamide (n = 12). Most stud-
ies reporting on glycemic outcomes compared 
insulin with metformin (n = 22) and glibencla-
mide (n = 4). Fasting blood glucose was the most 
reported clinical outcome of interest. Among the 
studies reporting maternal outcomes, method of 
delivery and delivery complications were most 
commonly reported. Large for gestational age, 
stillbirth and perinatal mortality were the most 
common fetal outcomes reported.
Conclusion:  This SLR included a total of 108 
clinical trials and observational studies with 
diverse populations and treatment arms. Out-
comes varied across the studies, and a lack of 
consistent outcome measures to manage dia-
betes in pregnant women was observed. This 
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elucidates a need for global consensus on study 
design and standardized clinical, maternal and 
fetal outcomes metrics.

Keywords:  Gestational diabetes mellitus; Insulin 
use in pregnancy; Pregnancy; Systematic review; 
Type 1 diabetes mellitus; Type 2 diabetes mellitus

Key Summary Points 

Why carry out this study?

The prevalence of diabetes during pregnancy 
has increased in recent years, and many 
women with this complication require insu-
lin during their pregnancy. Despite this, there 
remains a paucity of well-designed clinical 
trials targeting insulin use in this unique 
population

This systematic literature review aimed to 
assess and summarize the current body of 
evidence for insulin use in pregnant women 
with gestational or pre-existing diabetes and 
its effects on clinical, maternal and fetal 
outcomes

What was learned from the study?

This SLR included a total of 108 unique stud-
ies, both clinical and observational, and the 
most commonly reported outcomes were 
fasting blood glucose, method of delivery and 
large for gestational age

Overall, the results of this review revealed 
that the outcomes evaluated in studies 
investigating the use of insulin as a treatment 
option for pregnant women with diabetes 
varied widely across the included studies, 
illustrating the need for standardization of 
study design and outcome metrics

INTRODUCTION

Diabetes is the most prevalent antenatal com-
plication of pregnancy and can be subdivided 
into two types: pregestational and gestational 

diabetes mellitus (GDM) [1]. The prevalence of 
diabetes in pregnancy has been increasing in 
the USA [2]. About 1–2% of pregnant women 
have pre-existing diabetes, and approximately 
1–14% of all pregnancies are affected by GDM 
[3, 4]. Women diagnosed with diabetes during 
pregnancy are at an increased risk to develop 
other maternal complications such as gesta-
tional hypertension, preeclampsia and hypo-
glycemia, which subsequently can lead to the 
development of type 2 diabetes (T2D) later in 
life [3]. They are also at a higher risk to undergo 
cesarean section or have premature delivery. In 
addition, diabetes in pregnancy is associated 
with a risk of developing fetal complications 
such as macrosomia and neonates with large for 
gestational age (LGA), small for gestational age, 
premature birth, neonatal respiratory distress, 
asphyxia, neonatal hypoglycemia and congeni-
tal anomalies [5, 6].

The recommendations from current standard 
of care of diabetes management in pregnant 
women are beyond regular blood glucose level 
monitoring, lifestyle behavioral changes, medi-
cal nutrition therapy (MNT), physical exercise 
and pharmacotherapy (metformin, glyburide 
or insulin) [7]. Insulin is considered the most 
efficacious pharmacotherapy for all types of 
diabetes in pregnancy, including GDM and 
pregestational diabetes [8]. The 2023 update of 
the the American Diabetes Association (ADA) 
guidelines, The American College of Obstetri-
cians and Gynecologists-2018 (ACOG-2018) 
and International Diabetes Federation (IDF) 
guidelines recommend use of insulin as a first-
line pharmacological therapy for management 
of pre-existing diabetes and GDM over other oral 
anti-diabetic agents [9–12].

Recent advances in insulin therapy are 
focused on improving the pharmacokinetics 
and pharmacodynamics of insulin. These goals 
enable prolonged profile of action, flexible dos-
ing regimen and reduce the risk of hypoglyce-
mia [13]. However, well-powered randomized 
clinical trials (RCTs) in pregnant women with 
diabetes are often conducted well after non-
pregnant populations, if it is done at all, which 
leads to delayed implementation of evidence-
based practices for insulin use in pregnancy. In 
addition, designing studies to demonstrate the 
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achievement of stringent glycemic targets as rec-
ommended by the guidelines remains challeng-
ing for this unique population [14]. A variety 
of insulins have been commercially available 
globally, many of which have limited data on 
their use in pregnancy. Real-world barriers such 
as access to insulin or newer insulins, access to 
glucose monitoring and delayed prenatal care 
can further make adhering to guidelines diffi-
cult, if not impossible. Considering the different 
insulin options available in the global market 
and understanding the use and effects of types 
of insulin and/or insulin regimens on glycemic, 
maternal and fetal outcomes may support clini-
cal practice. This may as well aid in improv-
ing study designs for treatment of diabetes in 
pregnancy. Therefore, to assess and evaluate the 
current body of evidence including RCTs and 
real-world observational data, we performed 
a systematic literature review (SLR) to better 
understand and summarize the evidence for 
insulin use in pregnancy to harmonize future 
study design in this special population.

METHODS

Study Design

Search Strategy

A comprehensive search was conducted to iden-
tify relevant studies using electronic databases 
in Medline, EMBASE via Ovid platform and evi-
dence-based medicine reviews from 1 January 
2010 to 25 August 2020. In addition, manual 
(hand) searches were performed for relevant 
conference abstracts that were published from 
2018 to 2019.

Inclusion and Exclusion Criteria

The eligibility for assessing the relevance of 
each article for data extraction was based on 
the population, intervention, comparison, out-
comes and study design (PICOS) criteria (Sup-
plementary Table 1). Inclusion criteria for the 
selection of articles consisted of studies that 
were RCTs, non-RCTs and observational studies 

(Supplementary Table 1). Studies were included 
with perinatal women diagnosed with either ges-
tational, pre-existing diabetes (type 1 diabetes 
[T1D] or type 2 diabetes [T2D]) or mixed popula-
tion (pregnant women with GDM, T1D or T2D). 
Specific glycemic (fasting blood glucose [FBG], 
post prandial glucose [PPG] and time in range), 
maternal (prevalence of hypoglycemia, cesarean 
section, preterm labor, hypertension, induced 
labor and preterm delivery) and fetal (fetal mor-
tality, fetal morbidity and LGA) outcomes were 
included in this review (Supplementary Table 1). 
Studies on any type of diabetes other than ges-
tational diabetes or pre-existing T1D or T2D as 
well as non-human studies were excluded.

Study Selection and Data Extraction

The DistillerSR tool, a cloud-based literature 
review software, was used to screen, compile 
and manage all the identified studies. Two inde-
pendent reviewers screened the identified stud-
ies based on their titles and abstracts against the 
eligibility criteria. Subsequently, full-text articles 
were retrieved for full-text screening against eli-
gibility criteria. A third, independent reviewer 
resolved any uncertainties/conflicts between 
the two reviewers. The reasons for exclusion are 
reported in the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) 
flow diagram (Fig. 1). DistillerSR was used to 
extract data from the included studies. Details 
of study characteristics, patient characteristics, 
interventions and outcomes of interest were 
extracted in the data extraction form. Studies 
with multiple publications were identified and 
linked to the primary study; all relevant data 
were extracted under the primary study. Identi-
fication and screening of the available literature 
was performed in accordance with PRISMA state-
ment [15], the Centre for Reviews and Dissemi-
nation [16] and the Cochrane Collaboration [17].

Quality Assessment

The quality of the included RCTs was assessed 
using the quality assessment checklist, in 
accordance with the recommendations by 
the Centre for Reviews and Dissemination’s 
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Guidance for Undertaking Reviews in Health 
Care (NICE, 2019) [18]. The quality of observa-
tional studies was assessed using the Newcas-
tle-Ottawa Scale, 2019 [19]. Three factors were 
considered to score the quality of included 
observational studies: selection, comparability 
and outcomes assessment.

Ethical Approval

This article is based on previously conducted stud-
ies and does not contain any studies with human 
participants or animals.

Fig. 1   PRISMA flow diagram presenting number of studies included and excluded at each stage of screening
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RESULTS

Study Selection

A total of 2628 citations were retrieved after 
initial search through electronic databases and 
conference proceedings (Fig. 1). After removing 
duplicates, 2614 articles were assessed for title-
abstract screening. Subsequently, 835 articles 
were assessed for full-text screening. Overall, 
724 records were excluded, and 111 publica-
tions, representing 108 unique studies were 
included in the SLR (Fig. 1).

Study and Patient Characteristics

Of the total 108 included studies, 30 were clini-
cal trials, 74 were observational studies, and 
1 was a quasi-experimental study. In three 
studies the study designs were not clear. The 
RCTs and observational studies included in this 
review covered perinatal women across differ-
ent continents, like America, Europe, Asia, Oce-
ania, Africa and/or multinational.

Details on patient characteristics including 
maternal age, gestational weight, gestational 
age at diagnosis and treatment initiation 
and relevant obstetrical history are given in 
Tables 1 and 2. Study characteristics are sum-
marized in Supplementary Table 2 and 3, and 
treatment interventions along with types of 
insulin utilized by the women diagnosed with 
GDM or pre-existing diabetes are summarized 
in Supplementary Tables 4 and 5.

Glycemic Outcomes in People with GDM 
and Pre‑existing Diabetes

Of the 108 included studies, 21 clinical trials 
and 20 observational studies reported the clini-
cal outcomes of interest (FBG, PPG, glycemic 
range and glycemic variability) in women with 
GDM (Table 3). Six clinical trials and 12 obser-
vational studies reported the clinical outcomes 
of interest in women with pre-existing diabetes 
and mixed population (Table 4).

Evidence from Clinical Trials

In women diagnosed with GDM, majority of the 
trials compared an insulin regimen [basal only, 
basal/bolus, or bolus only] to metformin (n = 13) 
(Table 3). In addition, few trials compared insu-
lin to glibenclamide/glyburide (n = 3), (Table 3). 
The difference in the glycemic outcomes in 
women treated with insulin versus other thera-
pies varied across the trials and provided very 
low-quality of evidence for the outcomes. The 
study design varied widely across the trials.

FBG was the most reported clinical outcome 
(n = 22). Some RCTs (n = 3) reported a signifi-
cantly better (p ≤ 0.01) FBG in the metformin-
treated group compared to those with insulin 
[20–22]. Two RCTs by Zawiejska et al. and Khan 
et  al. compared glycemic control in women 
diagnosed with GDM in response to insulin and 
metformin and reported significantly better FBG 
in the insulin-treated groups compared to other 
therapies (p ≤ 0.01) [23, 24]. Arshad et al. com-
pared insulin with diet therapy and exercise and 
reported a significantly better FBG in the diet-
treated group compared to those treated with 
insulin [25].

In an RCT by Somani et al. with no differ-
ences in glycemic outcomes between the met-
formin and insulin groups at baseline, higher 
PPG levels were reported in group treated with 
insulin compared to those treated with met-
formin (p = 0.005) [26]. In an RCT by Ji et al. with 
mixed population, a significant improvement in 
PPG and time in range (TIR) was observed with 
insulin detemir compared to insulin neutral pro-
tamine Hagedorn (NPH) (p < 0.001) [27].

Evidence from Observational Studies

In women with GDM, most observational stud-
ies that reported clinical outcomes of interest 
compared insulin to diet/MNT (n = 6), met-
formin (n = 5), combination of metformin and/or 
diet and/or lifestyle interventions (n = 4). Addi-
tionally, other studies reported a comparison 
between different types of insulin (n = 3), insu-
lin versus no insulin (n = 1) and insulin versus 
glyburide (n = 1) (Table 3). Five studies showed 
significant improvement in FBG and PPG among 
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those managed with other therapies compared 
to the insulin-treated group [28–32] (p < 0.05). 
These observational studies provide an insight 
into the real-world use of insulin within this 
specific population, highlighting that potential 
barriers of insulin use may be limiting its full 
benefits in optimizing glycemic control.

Maternal Outcomes in People with GDM and 
Pre‑existing Diabetes

Of the 108 included studies, 18 clinical trials and 
44 observational studies reported the maternal 
outcomes of interest (prevalence of hypoglyce-
mia, cesarean section, preterm labor, hyperten-
sion, induced labor and preterm delivery) in 
women with GDM (Table 5). Maternal outcomes 
in women with diabetes prior to pregnancy and 
mixed population were reported in 6 trials and 
18 observational studies (Table 6). 

Evidence from Clinical Trials

Most trials included in this study had small 
numbers of participants and no prolonged fol-
low-up after the treatment. Some of the included 
trials had unclear risk of bias due to lack of 
blinding, unclear methods of randomization 
and selective reporting of outcomes. The pri-
mary outcomes of interest were different across 
the included studies.

Most included trials reported no difference 
in the proportion of cesarean sections among 
women treated with metformin versus insulin 
[21, 24, 26, 33–39]. However, two RCTs by Galal 
et al. and Hassan et al. reported a significantly 
higher rate (p ≤ 0.05) of cesarean sections in the 
insulin-treated group [20, 40], while an RCT by 
Ijas et al. reported a lower rate of cesarean section 
in the insulin-treated group versus metformin 
(p = 0.047) [41]. In three RCTs by Khan et al., Mir-
zamoradi et al. and Huhtala et al., numerically 
higher rates of preterm delivery, preeclampsia 
and induced labor were observed in the insulin-
treated group relative to comparator group using 
oral anti-diabetic agents [24, 42, 43]. Other RCTs 

by Galal et al., Niromanesh et al. and Hassan 
et al. reported a numerically higher incidence of 
preterm delivery and induced labor in the group 
treated with metformin versus insulin [20, 39, 
40]. In women with pre-existing diabetes, an 
open-label, randomized study by Ainuddin et al. 
reported a significantly high rate of incidence of 
pregnancy-induced hypertension in the insulin-
treated group compared to only metformin group 
and metformin and insulin-treated group [44], 
while an RCT by Ji et al. demonstrated a numeri-
cally higher incidence of gestational hypertension 
in the insulin NPH-treated group compared to the 
insulin detemir-treated-group [27].

Evidence from Observational Studies

Among women diagnosed with GDM, across 
different interventions, retrospective analyses 
revealed that cases of cesarean section and pre-
term delivery were higher in women managed 
with insulin than in those managed with other 
interventions such as diet/MNT, metformin and 
metformin + insulin [28, 32, 45, 46]. Compared 
with other interventions, insulin did not show 
a significant difference in the rate of gestational 
hypertension and induced labor in women treated 
with insulin and those managed with lifestyle 
modification [47, 48] or metformin [49, 50]. In the 
mixed population, a prospective cohort study by 
Negrato et al. compared insulin glargine with NPH 
and reported a significantly higher rate of preec-
lampsia in the NPH-treated group compared to 
the glargine-treated group (p < 0.0001) in women 
diagnosed with diabetes prior to pregnancy [51].

Maternal Hypoglycemia in Clinical Trials 
and Observational Studies

The overall rate of hypoglycemia in women with 
GDM and a mixed population was significantly 
higher in the insulin-treated group compared 
to metformin and metformin with additional 
insulin therapy [27, 52, 53]. Contrarily, a sig-
nificantly lower incidence of hypoglycemia was 
reported with insulin (p < 0.001) compared to 
glyburide [54, 55].
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Fetal Outcomes in Women with GDM and 
Pre‑existing Diabetes or Mixed Population

Of the 108 included studies, 7 RCTs and 24 
observational studies reported fetal outcomes 
of interest in women with GDM, and 2 trials 
and 14 observational studies reported fetal out-
comes of interest in women diagnosed with dia-
betes prior to pregnancy and a mixed population 
(Tables 7, 8). Most of the included studies scored 
low to moderate on the Newcastle-Ottawa Scale 
and quality assessment checklist; they had lim-
ited power, relatively small sample size, long 
individual study period and a high drop-out 
rate.

Evidence from Clinical Trials

A number of studies on women with GDM and 
pre-existing diabetes reported a numerically 
higher proportion of LGA in women treated 
with insulin compared to women treated with 
metformin [34, 36, 41, 56], with a significant 
difference (p = 0.001) reported by Eid et al. [34]. 
In an RCT, Hod et al. compared insulin detemir 
with NPH in pregnant women diagnosed with 
diabetes and reported a significantly higher rate 
of LGA in the group treated with insulin NPH 
compared to the group treated with insulin 
detemir [57]. Other RCTs by Ainuddin et al. and 
Mukopadhyay et al. reported a lower propor-
tion of LGA in women treated with basal/bolus 
insulin compared to metformin + insulin and 
glibenclamide, respectively [44, 58]. In another 
RCT, Somani et al. compared stillbirth in women 
treated with insulin (regular or NPH or both) 
versus metformin. This trial reported one case 
of stillbirth in the insulin-treated group com-
pared to no stillbirth in the metformin group 
(p = 0.32) [26].

Evidence from Observational Studies

In women diagnosed with GDM, three retro-
spective cohort studies by Koren et al., Castillo 
et al. and Hedderson et al. compared insulin ver-
sus glyburide and reported no substantial differ-
ences in the proportion of LGA in between the 

treatment groups [55, 59, 60]. However, other 
retrospective analyses by Simeonova-Krstevska 
et  al., Benhalima et  al. and Bogdanet et  al. 
reported a significantly higher proportion of 
LGA in the insulin-treated group compared to 
diet/MNT and metformin (p < 0.0001–p < 0.05) 
[28, 32, 46]. In women diagnosed with diabetes 
prior to pregnancy, one retrospective database 
review by Neff et al. reported a significantly 
higher rate of delivery of LGA in mothers treated 
with CSII-aspart and NPH compared to those 
treated using MDI-aspart and NPH (p = 0.03) [61]. 
Most of the studies did not report stillbirth, with 
only five studies reporting this outcome. Perina-
tal mortality among women with pre-existing 
diabetes was reported in retrospective studies by 
Bartal et al., Abell et al. and Billionnet et al., and 
no differences across the treatment arms were 
observed [48, 62, 63]. However, in a prospective 
cohort study by Negrato et al., a significantly 
higher rate of perinatal mortality (p = 0.028) in 
pregnant women diagnosed with diabetes prior 
to pregnancy was reported among NPH-treated 
women compared to those treated with glargine 
[51].

DISCUSSION

We conducted an SLR that assessed the paradigm 
of reported insulin use in pregnant women with 
diabetes, as well as the outcomes, including rec-
ommended clinical parameters related to glyce-
mic control as part of their treatment goals and 
maternal and fetal outcomes. The wide variety 
in outcomes of interest when comparing insu-
lin use with other anti-diabetic agents across 
the included studies makes it extremely difficult 
and potentially misleading to summarize find-
ings and make management recommendations, 
illustrating the need for standardization of study 
design with consistent glycemic and maternal/
fetal efficacy outcomes to evaluate the use of 
glucose-lowering medications in pregnancy.

Glycemic outcomes of interest were reported 
in 27 clinical trials and 32 observational stud-
ies. Notably, while 1-h and 2-h PPGs are the 
recommended treatment goals in patients with 
GDM, many of the studies captured in this 
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review focused on HbA1c as a primary outcome 
measure. Furthermore, compared to the non-
pregnant population, there are very few well-
powered RCTs evaluating insulin use in preg-
nancy. Ji et al. published a well-designed RCT 
in 2020 showing that in pregnant women diag-
nosed with diabetes prior to pregnancy, a signifi-
cant improvement in PPG and TIR was observed 
among those treated with detemir compared 
with insulin NPH as basal insulin. Both groups 
received the short-acting human insulin three 
times a day before the meals [27]. These results 
increase the options for women requiring basal 
insulin therapy for diabetes management in 
pregnancy [27]. Use of continuous glucose mon-
itoring (CGM) was also observed to be effective 
in improving glycemic range metrics in women 
treated with insulin. However, at the time of this 
SLR there was limited evidence to draw a con-
clusive statement on the impact of CGM role 
in improving glycemic outcomes for diabetes in 
pregnancy. Overall, there was no clear consensus 
between the study outcomes and use of various 
intervention types and regimens. The quality of 
the included studies was assessed, and they were 
found to be low on evidence with high risk of 
bias. Therefore, we could not conclude which 
intervention type or regimen was best for preg-
nant women with diabetes.

Maternal outcomes such as hypoglycemia, 
preeclampsia, cesarean delivery, preterm deliv-
ery and induced labor were reported in 18 RCTs, 
which may be due to the difficulty in collecting 
these outcome measures. They were reported 
more frequently in studies designed to compare 
an insulin regimen to another regimen such 
as in women treated with insulin versus those 
treated with metformin, diet/MNT and other 
anti-diabetic agents [20, 28, 32, 40, 45, 46, 64]. 
Most of the studies included in this review used 
insulin therapy as the last option of treatment, 
after the failure of nutritional therapy or in asso-
ciation with other drug interventions such as 
metformin and/or sulfonylureas. This suggests 
that these patients could have had more severe 
insulin resistance and/or deficiency than the 
other patients, and this would likely confound 
glycemic, maternal and fetal outcomes. Hetero-
geneity was observed across maternal outcomes 
among the studies, including rates of cesarean 

delivery, gestational age at delivery and induc-
tion of labor. The plausible reason for hetero-
geneity could be due to various ethnic groups, 
study designs, treatment requirements and selec-
tion criteria.

The most common fetal complication 
reported across the included studies for any type 
of diabetes during pregnancy was LGA, confirm-
ing that these patients were mostly in hyper-
glycemic state, a common cause of LGA. Other 
common neonatal outcomes observed, com-
monly associated with LGA and the mother’s 
hyperglycemia, included the rate of complica-
tions such as preterm birth and neonatal hypo-
glycemia. Across studies covered in this review, 
insulin was associated with fewer cases of LGA 
only compared with glibenclamide, as observed 
in a study by Mukopadhyay et al. that compared 
insulin and glibenclamide for treatment of GDM 
[58]. In accordance with another meta-analysis, 
women treated with glibenclamide reported the 
highest incidence of LGA, preeclampsia, neona-
tal hypoglycemia and preterm birth; metformin 
(plus insulin when required) had the lowest risk 
of macrosomia, pregnancy hypertension, LGA, 
preterm birth and low birth weight [65]. Overall, 
there was no clear evidence of the risk of deliv-
ery of LGA in those born of mothers with dia-
betes treated with insulin versus other oral anti-
diabetic agents. Based on the current results, it 
is difficult to make a conclusive affirmation of 
the most effective form of treatment to reduce 
incidence of neonatal complications in pregnant 
women with diabetes.

Across the included studies, treatments with 
metformin and diet/MNT were associated with 
better clinical, maternal and fetal outcomes than 
those treated with insulin therapy. However, 
the studies did not provide enough evidence 
on whether insulin can help achieve improved 
outcomes compared with other therapies. Over-
all, the quality of the evidence of RCTs ranged 
from low to moderate, whereas for observational 
studies the quality ranged from low to good. A 
variety of methods was used to diagnose GDM in 
the included studies. Furthermore, it is difficult 
to draw conclusions about the optimal approach 
to treatment of diabetes in pregnancy because of 
inconsistencies in the criteria for management of 
glucose targets, patient adherence to treatment, 
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clinical outcome measures across studies and lack 
of long-term safety data.

The current SLR included clinical trials and 
observational studies with diverse populations 
and treatment arms. Some studies lacked appro-
priate sample size, and many studies utilized a 
variety of methods for diagnosis of GDM. Data on 
pregnant women diagnosed with diabetes prior to 
pregnancy were very limited. Furthermore, high-
quality studies are needed to identify the optimal 
treatment regimens for women with diabetes in 
pregnancy who are treated with insulin.

There were clear limitations to the current SLR. 
With limited evidence and meta-analyses, the 
included studies did not provide sufficient evi-
dence to identify clear differences between the 
various insulin types and regimens. Most of the 
included studies did not adjust for other potential 
confounding factors such as maternal age, edu-
cational status, income, ethnicity and other fac-
tors that might influence the results; therefore, 
findings should be interpreted with caution. This 
SLR included clinical trials and observational 
studies with varied populations and treatment 
arms. For some studies, sample size was small, 
and many studies did not report statistical tests 
for significance. In the included studies, there was 
no consensus on the types of outcome measures 
reported in pregnant women with diabetes. Most 
of the studies reported that there was no evidence 
of clear-cut benefit of one intervention type or 
regimen over the other. Hence, no firm conclu-
sions or management recommendations could be 
made about different insulin types and regimens 
in pregnant women with diabetes. Future trials 
are required that are multi-centered, randomized, 
well-powered and of improved methodological 
quality with standardization of glycemic and 
maternal/fetal efficacy outcome measures. Fur-
thermore, more research is warranted with larger 
groups of pregnant women, with transparent 
reporting of how the trials were conducted, and 
that reports clinical, maternal and fetal outcomes.

CONCLUSION

In summary, the findings of this review were 
comparable to the existing reviews evaluating 

treatment of diabetes in pregnancy. There is a 
tremendous paucity of well-designed RCTs and 
no consensus for the study design and defini-
tion of diabetes in pregnancy in the existing 
literature. We identified a variety of defini-
tions being used that did not always overlap. 
We observed that the lack of standard diag-
nosis also results in a diversity of outcomes 
that are used in clinical practice to evaluate 
optimal medical management in pregnant 
women with diabetes. It would be helpful for 
the practitioners and patient populations if 
the outcomes were consistently defined and 
reported globally. According to the ADA Man-
agement of Diabetes in Pregnancy guidelines, 
the standard treatment goals for pregnant 
women with diabetes are aimed at maintain-
ing target blood glucose levels (fasting glucose 
70–95 mg/dl [3.9–5.3 mmol/l], 1-h postpran-
dial glucose 110–140 mg/dl [6.1–7.8 mmol/l] 
and/or 2-h postprandial glucose 100–120 mg/
dl [5.6–6.7 mmol/l]) to prevent maternal and 
fetal complications, achieved through strin-
gent glucose monitoring and insulin therapy 
[11]. However, the universal adoption of these 
recommendations in the real-world is limited, 
as we identified in the observational studies 
analyzed, and some misalignment still exists in 
randomized clinical trials as well. This makes 
identifying any real-world association of the 
effectiveness of insulin in maternal and fetal 
outcomes difficult. With the increased access 
to CGM, the collection of glycemic values will 
increase, and more glycemic outcome data will 
be generated. However, this will require a more 
standardized approach, especially without a 
clear consensus on clinically relevant CGM 
metrics for GDM and T2D.

Conducting well-designed RCTs to evalu-
ate the efficacy of various insulins or insulin 
regimens in this unique population remains an 
area that requires specialized attention. There 
is a need to be better aligned on clinical end-
points to study pregnant populations to deline-
ate what treatment or therapies unequivocally 
demonstrate improvement in maternal and 
neonatal outcomes, especially with introduc-
tion of innovative insulin formulations and 
improved technologies that evaluate glucose 
management.
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