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Abstract

The global prevalence of type 2 diabetes
mellitus (T2DM) is increasing . T2DM is
more common in patients with psychiatric
disorders and those who take certain
psychotropic drugs. T2DM occurs in 2%—
7% of women of reproductive age. The
prevalence of pregestational diabetes

is 0.5%—2.4%, and that of gestational
diabetes is 7%—28%, depending on
geographical region. About 20%-50%

of pregnancies, across the world, are
unplanned; this figure is higher, at about
65%, in women with psychiatric disorders.
As a result, many women of reproductive
age who have diabetes, including women
who do not know that they have diabetes,

may unintentionally become pregnant,
thus unknowingly exposing their
pregnancy to diabetes and its treatment.
Exposure of pregnancy to pregestational
and gestational diabetes is associated
with risks to the mother as well as risks

to the child. Risks to the mother include
obesity, hypertension, and preeclampsia.
Risks to the child include spontaneous
abortion, fetal death, macrosomia,

major congenital malformations (MCMs),
preterm delivery, neonatal hypoglycemia,
neonatal hyperbilirubinemia, and neonatal
respiratory distress syndrome. A recent
large retrospective cohort study with data
from 6 countries in Europe, Asia, and
North America found that, in about 51,000
women with pregestational T2DM, neither

MCMs nor cardiac malformations were
more prevalent in offspring of children
periconceptionally exposed to second-
line antidiabetic treatments relative to
exposure to insulin. These findings are
reassuring but have limitations that are
discussed. A reasonable conclusion from
a reading of the reviewed literature is that
pregestational and gestational diabetes
are best treated during pregnancy,

that insulin is a first-line treatment,

that metformin is an increasingly
accepted alternative, and that safety
data on second-line antidiabetic
treatments are, so far, reassuring.
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is increasing across the world. It was estimated

that the age-standardized global prevalence
of total diabetes grew from 3.2% in 1990 to 6.1% in
2021. In 2021, estimates of the prevalence of diabetes
were 6.5% for males and 5.8% for females, with
T2DM comprising 96% of cases. The prevalence was
lowest, at < 1%, at age < 20 years and peaked at nearly
25% at age 75—79 years. The highest prevalences, in
middle age and later, were observed in North Africa
and in the Middle East, followed by South Asia.!

The prevalence of type 2 diabetes mellitus (T2DM)

Diabetes and Psychiatric Disorders
T2DM is common in patients with psychiatric disorders.
This is partly because some disorders, such as mood

disorders and schizophrenia, are associated with eating
disturbances and sedentariness, and partly because
some psychotropic drugs, such as some antipsychotics,
antidepressants, anxiolytics, and mood stabilizers, are
associated with increased appetite, weight gain, and
even the metabolic syndrome. An umbrella review and
meta-analysis found pooled T2DM prevalences of 40%
in sleep disorder, 21% in binge eating disorder, 16%
in substance use disorder, 14% in anxiety disorder,
11% in bipolar disorder, 10% in schizophrenia, 9%
in depression, and 8% in intellectual disability.>
Among psychotropic drugs, as examples,
antidepressants (pooled hazard ratio [HR], 1.24; 95%
confidence interval [CI], 1.18—1.31), and specifically
tricyclic antidepressants (pooled relative risk [RR],
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1.39; 95% CI, 1.17-1.65), have been associated with
new-onset T2DM.? Antipsychotic drugs have more
particularly been associated with an increased risk

of T2DM (pooled odds ratio [OR], 2.58; 95% CI,
1.56—4.24)* and gestational diabetes (pooled RR,
1.24; 95% CI, 1.09—1.42).5 Some antipsychotics, such
as olanzapine (OR, 5.8; 95% CI, 2.0—16.7),° have
specifically been identified to carry greater risk.

Diabetes in Women of Reproductive Age

A population estimate of the prevalence of diabetes in
US women aged 24-32 years was surprisingly high at 6.5%
as far back as in 2007—-2008; the data were drawn from
the nationally representative National Longitudinal Study
of Adolescent to Adult Health, Wave IV.” In a systematic
review and meta-analysis of 39 studies from 27 African
countries, the pooled prevalence of T2DM was even higher,
at 7.2%, in women of childbearing age?; this figure may
have been incorrectly high because the upper age limit
for inclusion of women was 54 years. In an Indian study
using data from the fourth round of the National Family
Health Survey (2015-2016), the prevalence of diabetes in
women aged 15—-49 years was more modest and ranged
from 1.8% to 4.4% in 8 states in northeast India.’

These data are important because a large proportion
of pregnancies are unplanned, and because undetected
and untreated diabetes, and perhaps even detected
and treated diabetes, may adversely affect pregnancy
and offspring outcomes, both before and after birth.
These issues are discussed in later sections.

Prevalence of Pregestational and
Gestational Diabetes

A small but clinically significant number of already
diabetic women become pregnant. In a systematic
review and meta-analysis of 42 data sources (pooled
N=78,943,376) from 17 countries in North America,
Europe, Africa, the Middle East, Asia, and Australasia, the
pooled prevalence of pregestational diabetes was found to
range from a low of 0.5% in Europe to a high of 2.4% in
the Middle East and North Africa. The overall prevalence
doubled from 0.5% to 1.0% during 1990-2020.1°

Alarger proportion of women develop gestational
diabetes. In a systematic review and meta-analysis of 57
studies, the pooled prevalence of gestational diabetes
ranged from a low of 7.1% in North America and the
Caribbean to a high of 27.6% in the Middle East and
North Africa. Pooled standardized prevalences were
12.7% in low income countries, 9.2% in middle income
countries, and 14.2% in high income countries. The
global pooled standardized prevalence was 14.0%.!

Unplanned (Unintended) Pregnancy

In different systematic reviews and meta-analyses,
the pooled prevalence of unintended pregnancy
was 20% in Iran,'? 28% in Ethiopia,'® and 26.5% in
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61 low and middle income countries!'4; these “low”
numbers may be driven by sociocultural influences
on reproductive behavior. In developed countries,
the numbers are higher; for example, the figure was
45%—-51% in the United States during 2008-2011.1°
In a systematic review and meta-analysis of 11
studies (pooled N =18,681), the weighted prevalence
of unintended pregnancy was 65% among women
with anxiety disorders, mood disorders, psychosis,
substance use disorders, conduct disorder, and
eating disorders. These women were at higher risk
of unintended pregnancy relative to women without
psychiatric conditions (OR, 1.34; 95% CI, 1.08-1.67).1¢
The data in this and in previous sections prompt
the realization that many women of reproductive
age who have diabetes, including women who do not
know that they have diabetes, may unintentionally
become pregnant, thus unknowingly exposing
their pregnancy to diabetes and its treatment.

Adverse Outcomes Associated With
Exposure of Pregnancy to Diabetes

Having diabetes during pregnancy is associated with
risks to the mother as well as risks to the child. As an
example, in a systematic review and meta-analysis of 59
population-based studies (pooled N =80,437,056), 3.0% of
women had pregestational diabetes. Their offspring were
at increased risk of overall congenital anomalies (RR, 1.99;
95% CI, 1.82—2.17) as well as congenital heart defects
(RR, 3.46; 95% CI, 2.77—4.32). In both regards, risks were
higher in pregnancies exposed to pregestational diabetes
relative to pregnancies exposed to gestational diabetes.”

There are many other risks, too. Risks to the mother
include obesity, hypertension, and preeclampsia.
Risks to the child before birth include spontaneous
abortion, fetal death, macrosomia, and preterm
delivery. Risks to the child after birth include neonatal
hypoglycemia, neonatal hyperbilirubinemia, and
neonatal respiratory distress syndrome.!®1°

There are several mechanisms suggested through
which uncontrolled hyperglycemia during pregnancy
may harm the fetus and the developing brain. These
include fetal hyperinsulinism, neuroinflammation, iron
deficiency, dysregulation of lipid metabolism, epigenetic
changes, and others. In consequence, as reported in
observational studies, children exposed to diabetes during
pregnancy are at increased risk of delays or impairments
in motor, language, cognitive, and general intelligence
domains, as well as increased risk of diagnosis of autism
spectrum disorder (but not attention-deficit/hyperactivity
disorder) and behavioral and psychiatric disorders.?*?!

Adverse Outcomes Associated With
Gestational Diabetes

In a systematic review and meta-analysis of 59
population-based studies (pooled N =80,437,056), 2.9% of
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women had gestational diabetes. Their pregnancies were

at increased risk of overall congenital anomalies (RR, 1.18;

95% CI, 1.13—1.23) as well as congenital heart defects (RR,

1.50; 95% CI, 1.38—1.64). In both regards, risks were lower

than in pregnancies exposed to pregestational diabetes.!”
Ye et al*? described a systematic review and meta-

analysis of 156 studies (pooled N =7,506,061 pregnancies)

of adverse outcomes associated with exposure to

gestational diabetes. Important findings from the

meta-analysis are presented in Table 1. Readers may

note that the presence of adverse outcomes despite

insulin treatment could be because the treatment was

not adequate in all patients and/or that adjustment

for confounding by severity of indication (and for

other sources of confounding) was inadequate. Similar

findings were described by Greco et al* in a systematic

review and meta-analysis of 85 singleton and 27 twin

pregnancy studies exposed to gestational diabetes.

Interpretation of Findings

It is not clear to what extent the adverse outcomes
associated with exposure of pregnancy to pregestational
or gestational diabetes are mediated by diabetes vs the
treatment thereof. However, given that the first-line
treatment of diabetes during pregnancy is the naturally
occurring hormone insulin,'® and given that currently
available insulin preparations do not cross the placental
barrier,'® it is reasonable to assume that diabetes, the
genetic predispositions thereto, and the metabolic
and other disturbances associated therewith, may
drive the risk. It is therefore reasonable to emphasize
adequate treatment of diabetes during pregnancy.

Treatment of Diabetes During Pregnancy
In addition to lifestyle modification, insulin is
traditionally recommended for the treatment of diabetes
during pregnancy.'® This is partly because insulin is a
naturally occurring hormone that regulates blood glucose
levels in healthy persons, including healthy pregnant
women, and partly because, as already stated, insulin
does not cross the placental barrier. Metformin, however,
is increasingly being prescribed for diabetes during
pregnancy, and for gestational diabetes, as well.2%
Recent data from the US, Europe, and Asia suggest that
other, including newer, antidiabetic medications are
being prescribed in about 15% of pregnancies and that
the prescription rates for these drugs have increased in
recent years.?® These drugs include sulfonylureas (eg,
glyburide, glimepride), dipeptidyl peptidase 4 (DPP-
4) inhibitors (eg, linagliptin, sitagliptin), glucagon-like
peptide 1 receptor agonists (GLP-1 RAs; eg, liraglutide,
semaglutide), and sodium-glucose cotransporter 2
(SGLT?2) inhibitors (eg, canagliflozin, dapagliflozin).
Given that diabetes is common in women of
childbearing age, that many pregnancies are unplanned,
that diabetes is common during pregnancy, that
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Table1.

Adverse Outcomes Associated With Exposure
to Gestational Diabetes®

1. In studies with no insulin use, gestational diabetes was associated with
significantly increased odds of the following:
(a) Caesarean section (OR, 1.16; 95% Cl, 1.03-1.32)
(b) Preterm delivery (OR, 1.51; 95% Cl, 1.26-1.80)
(c) Low Apgar score at 1 min (OR, 1.43; 95% Cl, 1.01-2.03)
(d) Macrosomia (OR, 1.70; 95% Cl, 1.23-2.36)
(e) Large for gestational age (OR, 1.57; 95% Cl, 1.25-1.97)

2. In studies with no insulin use, gestational diabetes was not associated with
significantly increased odds of preeclampsia, induction of labor, instrumental
delivery, shoulder dystocia, postpartum hemorrhage, stillbirth, congenital
malformations, respiratory distress syndrome, low Apgar score at 5 min,
low birth weight, smallness for gestational age, neonatal hypoglycemia,
neonatal jaundice, and neonatal intensive care unit admission.

3. In studies with insulin use, gestational diabetes was associated with
significantly increased odds of the following:
(a) Large for gestational age (OR, 1.61; 95% Cl, 1.09-2.37)
(b) Respiratory distress syndrome (OR, 1.57; 95% Cl, 1.19-2.08)
(c) Neonatal jaundice (OR, 1.28; 95% Cl, 1.02-1.62)
(d) Neonatal intensive care unit admission (OR, 2.29; 95% Cl, 1.59-3.31)

4. In studies with insulin use, gestational diabetes was not associated with
significantly increased odds of preeclampsia, induction of labor, instrumental
delivery, cesarean section, shoulder dystocia, congenital malformations,
preterm delivery, low Apgar scores at 1 and 5 min, low birth weight, and
smallness for gestational age.

From the meta-analysis by Ye et al.? In both sets of analyses, the
comparison group comprised women without gestational diabetes. All
findings are from analyses adjusted for potential confounders.

Abbreviations: Cl=confidence interval, OR=o0dds ratio.

diabetes in pregnancy needs to be treated, and that
non-insulin treatments are now increasingly being
used to manage diabetes during pregnancy, it is likely
that many pregnancies are unknowingly or knowingly
exposed to non-insulin antidiabetic treatments during
the period of organogenesis in the first trimester. The
safety of such treatments during the first trimester
therefore needs to be examined. In this context,

Cesta et al? described a population-based cohort
study of major congenital malformations (MCMs)
following first-trimester gestational exposure to
pregestational T2DM and antidiabetic treatments.

The Study by Cesta et al*®

These authors obtained data from each of 4 Nordic
countries (Finland, Iceland, Norway, Sweden; 2009—-2020),
the US MarketScan Database (2012-2021), and the
Israeli Maccabi Health Services database (2009-2020).
After excluding children with genetic or chromosomal
abnormalities and pregnancies exposed to known
teratogens, there were 3,514,865 pregnancies with live
births among which 1.5% (n=51,826) were in women
with pregestational T2DM. Infants from these pregnancies
were followed for up to 1 year for detection of MCMs.

Among the women with pregestational T2DM, 70.8%
(n=36,678) received no antidiabetic treatment during
the periconceptional period; the rest (n=15,148; 29.2%)
received metformin monotherapy (14.4%), insulin
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Table 2.
MCM Risk Associated With Gestational
Exposure to Different Classes of Antidiabetic
Agents®

1. The prevalence of MCMs was 3.8% in the full cohort (n=3,514,865).

2. The prevalence of MCMs was 5.3% in the cohort with pregestational
T2DM (n=51,826).

3. The prevalence of MCMs was 4.8% in untreated women with
pregestational T2DM (n=36,678).

4. The prevalence of MCMs was 5.3% in women who received metformin
only (n=7,440).

5. The prevalence of MCMs was 7.8% in women who received insulin
(n=5,078).

6. The prevalence of MCMs was 9.7% in women who received sulfonylureas
(n=1,362). The risk of MCMs with sulfonylureas did not differ significantly
from that with insulin (RR, 1.18; 95% Cl, 0.94-1.48).

7. The prevalence of MCMs was 6.1% in women who received DPP-4
inhibitors (n=687). The risk of MCMs with DPP-4 inhibitors did not differ
significantly from that with insulin (RR, 0.83; 95% Cl, 0.64-1.06).

8. The prevalence of MCMs was 8.2% in women who received GLP-1 RAs
(n=938). The risk of MCMs with GLP-1 RAs did not differ significantly from
that with insulin (RR, 0.95; 95% Cl, 0.72-1.26).

9. The prevalence of MCMs was 7.0% in women who received SGLT2
inhibitors (n=335). The risk of MCMs with SGLT2 inhibitors did not differ
significantly from that with insulin (RR, 0.98; 95% CI, 0.65-1.46).

10. The findings were consistent in sensitivity analyses in which exposure was
restricted to prescriptions filled only during the first trimester. However,
these analyses were even more underpowered than the main analyses.

*Findings from the retrospective cohort study by Cesta et al.?® Prevalences
were standardized. RRs were adjusted for covariates, as explained in the
text.

Abbreviations: Cl=confidence interval, DPP-4=dipeptidyl peptidase 4, GLP-1
RA=glucagon-like peptide 1receptor agonist, MCM=major congenital
malformation, RR =relative risk, SGLT2=sodium-glucose cotransporter 2.

(9.8%), sulfonylureas (2.6%), DPP-4 inhibitors (1.3%),
GLP-1 RAs (1.8%), or SGLT2 inhibitors (0.6%); use of
these medications was highest in the US. In this context,
periconceptional exposure was defined as 1 or more
prescriptions filled between 90 days before pregnancy and
the end of the first trimester. For each geographical area,
the MCM risk was calculated for each drug group, relative
to insulin, after adjusting for covariates such as maternal
age, comorbid conditions, and use of other medications.
HbA, levels were available for only some pregnancies and
so could not be adjusted for. Risks for the 3 geographical
areas were subsequently pooled in meta-analysis.
Important findings from the study are presented in
Tables 2 and 3. In summary, although prevalences of
MCMs and cardiac malformations were numerically
high in treated pregnancies, relative to treatment
with insulin, no second-line antidiabetic agent was
associated with a significantly increased risk of
either total MCMs or cardiac malformations.

Observations on the Study by Cesta et al*®
The findings of the study are reassuring. However, the

findings are not definitive. One limitation of the study

is that, as stated below, it is unlikely that adjustment
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Table 3.

Cardiac Malformation Risk Associated With
Gestational Exposure to Different Classes of
Antidiabetic Agents?®

1. The prevalence of cardiac malformations was 1.31% in the full cohort
(n=3,514,865).

2. The prevalence of cardiac malformations was 2.3% in the cohort with
pregestational T2DM (n=51,826).

3. The prevalence of cardiac malformations was 2.3% in untreated women
with pregestational T2DM (n=36,678).

4. The prevalence of cardiac malformations was 2.0% in women who
received metformin only (n=7,440).

5. The prevalence of cardiac malformations was 4.2% in women who
received insulin (n=5,078).

6. The prevalence of cardiac malformations was 4.9% in women who
received sulfonylureas (n=1,362). The risk of cardiac malformations with
sulfonylureas did not differ significantly from that with insulin (RR, 1.05;
95% Cl, 0.75-1.48).

7. The prevalence of cardiac malformations was 3.3% in women who
received DPP-4 inhibitors (n=687). The risk of cardiac malformations with
DPP-4 inhibitors did not differ significantly from that with insulin (RR, 0.90;
95% CI, 0.58-1.39).

8. The prevalence of cardiac malformations was 3.2% in women who
received GLP-1 RAs (n=938). The risk of cardiac malformations with GLP-1
RAs did not differ significantly from that with insulin (RR, 0.68; 95% ClI,
0.42-1.12).

9. The prevalence of cardiac malformations was 3.9% in women who
received SGLT2 inhibitors (n=335). The risk of cardiac malformations with
SGLT2 inhibitors did not differ significantly from that with insulin (RR, 1.10;
95% Cl, 0.63-1.92).

10. The findings were consistent in sensitivity analyses in which exposure was
restricted to prescriptions filled only during the first trimester. However,
these analyses were even more underpowered than the main analyses.

2From the retrospective cohort study by Cesta et al.?® Prevalences were
standardized. RRs were adjusted for covariates, as explained in the text.

Abbreviations: Cl=confidence interval, DPP-4=dipeptidyl peptidase 4,
GLP-1RA=glucagon-like peptide 1receptor agonist, RR=relative risk,
SGLT2=sodium-glucose cotransporter 2.

for confounding by indication, confounding by severity
of indication, and confounding by other unbalanced
covariates was adequate. As an example, adjustment
for HbA, _levels was not performed. Reassuringly,
though, better adjustment could move the findings
closer to the null. A more important limitation is that
many of the analyses were conducted on very small
numbers of malformations in small numbers of exposed
women; these analyses were therefore underpowered
to identify true differences. On an optimistic note, the
upper limits of the 95% CIs (Tables 2 and 3) suggested
that even if the study estimates were underestimates,
the population value would not be much higher.

The noticeably different MCM rates for different
classes of antidiabetic agents could have arisen from
confounding by indication. As examples, GLP-1 RAs
were more likely to have been prescribed to women with
obesity and polycystic ovaries, SGLT2 inhibitors to women
with cardiovascular conditions, and SGLT2 inhibitors
and insulin to women with complications of diabetes.
Furthermore, many women who received these second-
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line treatments also received metformin or insulin, again
indicating more severe diabetes. So, it is unclear to what
extent the magnitude of adverse outcomes recorded were
a consequence of more severe illness and complications
thereof vs medications and combinations thereof.

The study could not provide safety information for
certain classes of antidiabetic medications, such as the

glitazones, because these had been very infrequently used.

General Observations

Overall safety observed for a class of medications does
not mean that all drugs within that class are safe. This
is because, for example, drugs within a class may have
additional mechanisms beyond their shared mechanism.
Drugs would therefore need to be studied individually in

adequately powered analyses for more definitive guidance.

MCMs are not the only adverse outcomes associated
with diabetes and its treatment during pregnancy; other
adverse outcomes, such as those listed in Table 1, were
referred to in earlier sections of this article. Studies of
these outcomes for individual antidiabetic treatments
or treatment classes have been published; metformin is
perhaps the best researched.?* A review of studies of these
treatments is out of the scope of the present article.

Parting Note

A detailed discussion on the management of diabetes
during pregnancy, including gestational diabetes, is
out of the scope of this article. Interested readers may
wish to consult other resources, such as the article
by ElSayed et al,'® or region-specific guidelines.
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