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Abstract

Aim: Although insulin glargine is frequently being used in pregnancy, it is not approved by the FDA as the data
on its safety is limited. The aim of this study was to determine the effects of insulin glargine use in pregnancy on
maternal and fetal outcomes.

Methods: From the perinatal center at Sparrow Hospital, Lansing, Michigan the charts of 92 women with
diabetes (gestational diabetes, type 1 diabetes and type 2 diabetes) who were treated with insulin glargine during
pregnancy were reviewed. Maternal and fetal outcomes were recorded.

Results: Eighteen women had continued pre-pregnancy insulin glargine use through pregnancy and 74 were
started on insulin glargine during pregnancy. The average HbA1c was 7.7%, 7.1% and 6.3% respectively in 1, 2,
and 3trimester. 31% of the woman had hypoglycemic episodes. No maternal deaths were reported. One pregnancy
resulted in intrauterine fetal death. The rate of cesarean sections was 45% and the average age of gestation at
delivery was 36 weeks. 12% of the newborns had macrosomia (defined as birth weight >4000 pounds), 2% had
shoulder dystocia, and 7% had neonatal hypoglycemia. The data were compared to the outcome from prior studies
of pregnant patients in NPH and insulin glargine.

Conclusion: We present data on maternal and perinatal outcomes with use of insulin glargine during pregnancy
at our institution. Our data compares favorably with the outcome from other studies of pregnant patients using NPH

insulin.

Keywords: Glargine; Insulin; Macrosomia; Trimester

Introduction

In order to improve the control of diabetes, insulin analogs
with duration of action longer or shorter than traditional insulins,
(regular and neutral protamine Hagedorn) have been developed and
have shown to provide better glucose control and also decrease the
rate of hypoglycemia in patients with diabetes [1-3]. Strict control
of hyperglycemia is essential to reduce adverse maternal and fetal
outcomes in pregnant woman with diabetes [4].

Insulin detemir was recently relabeled as a category “B” for the
use in pregnancy on the basis of a trial involving 310 pregnant women
with type 1 diabetes, with approximately half taking insulin detemir
and the other half taking NPH insulin. Both groups achieved similar
reductions in hemoglobin Alc. The women using insulin detemir did
not experience an increased risk for fetal abnormalities [5].

Insulin glargine is being used in pregnancy “off label”, it is still
categorized as category “C”. This classification implies that: (a) either
study in animals has revealed adverse effects on the fetus (teratogenic
or embryocidal effects or other); (b) studies in women and animals are
not available, and/or (c) there are no controlled studies in humans.
Potential benefits of category C medications may warrant the drug’s use
in pregnant women despite potential downsides. The safety of insulin
glargine in pregnancy is yet to be determined in large randomized
trials. Unease regarding insulin glargine’s use in pregnancy stems from
experiments that have shown six to eight fold increased affinity for
insulin growth factor (IGF)-1 receptor. This research also demonstrated
increased mitogenic potency of insulin glargine compared with native
insulin in human sarcoma cells [6], although it is uncertain if similar
effects occur in vivo.

The aim of our study was to evaluate maternal and fetal morbidity
and mortality in patients with gestational diabetes, type 1diabetes, and
type 2 diabetes treated with insulin glargine during pregnancy. The

study focused on episodes of fetal and maternal hypoglycemia, mode
of delivery, fetal macrosomia, and shoulder dystocia.

Methods

This retrospective study included 92 women enrolled at the
perinatal center at Sparrow hospital (a 733 bed hospital in Lansing,
Michigan) who were treated with insulin glargine during pregnancy
between 2002 and 2009. The study was approved by the institutional
review board of Michigan State University.

The medical records of each woman and neonate were reviewed and
data was collected for age, type of diabetes, trimester of pregnancy when
insulin was started, episodes of maternal hypoglycemia, hemoglobin
Alc levels achieved and units of insulin glargine used during each
trimester. Maternal outcome studied included maternal deaths,
episodes of preeclampsia, time and mode of delivery. Neonatal outcome
included fetal death, birth weight, shoulder dystocia, hypoglycemia,
and Apgar score at 1 and 5 minutes. Fetal macrosomia was defined
as birth weight >4000 grams. Maternal and fetal hypoglycemia and
preclampsia were recorded as noted in the chart.
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Results

From the perinatal center at Sparrow Hospital 92 women were
identified taking insulin glargine during pregnancy. The data regarding
the type of diabetes, trimester of pregnancy when insulin was started,
average HbAlc achieved during the trimesters and the average glargine
units during pregnancy are presented in table 1.

Twenty eight (31%) women in our study had hypoglycemic
episodes of various severities and 8% had preeclampsia. No maternal
deaths were reported. One pregnancy resulted in miscarriage (at
16 weeks of gestation). The rate of caesarean section was 45% and
mean gestational age was 36.2 + 4.38 weeks. 12% of the neonates had
macrosomia (defined as birth weight >4000 grams), 2% had shoulder
dystocia, and 7% had neonatal hypoglycemia. One minute Apgar score
was less than 7 in 27% of patients and five minute Apgar score of less
than 7 was seen in 4.7% of neonates.

The data from this study is compared to outcome from prior
studies with pregnant patients on NPH insulin (Table 2) and studies
with pregnant patients on insulin glargine (Table 3).

Discussion

Uncontrolled blood glucose in pregnancy is associated with multiple
adverse maternal and fetal outcomes including congenital anomalies,
macrosomia, respiratory distress, and hypoglycemia and there is clear

Age

Type 1 Diabetes (13)
Type 2 Diabetes (47)
Gestational Diabetes (32)

Insulin Glargine started
Before pregnancy
First trimester
Second trimester
Third trimester

HbA1c (average)
First trimester
Seconds Trimester
Third trimester
Insulin Glargine Units
First trimester
Second trimester
Third trimester

*values shown are mean + SD

evidence that these risks can be reduced by optimizing glucose control
throughout pregnancy [4]. Therefore, it is currently recommended that
women with diabetes should have their diabetes well controlled at the
time of conception and throughout their pregnancy [7].

Insulin analogs with longer non-peaking profiles have been shown
to decrease the rate of hypoglycemia and to provide better blood
glucose control in patients with diabetes [8]. Insulin detemir was
recently upgraded to a category “B” medication for use in pregnancy
based on a prospective study [5]. Although insulin glargine is being
increasingly used in pregnancy, it has not been approved by the FDA
for use in pregnancy because the safety and outcomes data are limited.

Safe use of insulin glargine in pregnancy was first reported in 2002
[9] and subsequent meta-analyses have not identified any difference
in maternal and fetal outcomes in patients with typel, type 2, or
gestational diabetes on insulin glargine [10,11]. Data from our study
was comparable to the data from pregnant woman on NPH obtained
from prior studies (Table 2).

We show that fetal macrosomia was present in 12% newborns. In a
recently published meta-analysis of 8 studies published in the Annals of
Pharmacology comparing NPH and insulin glargine in pregnancy the
incidence of fetal macrosomia was 16% in patients taking NPH insulin.
The rate of neonatal hypoglycemia was 7% in our study compared
to 19% in patients on NPH. In particular they were no maternal

30.4 + 5.85*
14%

51%

35%

18%

15%

39%

27%
7.73+237*
7.17 +1.88*
6.36 + 1.38*
43 +43.7*
45 + 25.6*
59 +434*

Table 1: Maternal Characteristics of Patients (n=92).

Maternal and fetal outcome
Intrauterine deaths
Preeclampsia

Cesarean section

Maternal hypoglycemia

Mean gestational (+SD; weeks)
Five minute Apgar score <7

{1/88} 1.1%(-1.0, 3.2)
{7192} 7.6%(2.2,13.0)
{40/88} 45.5% (5.1,55.9)
{28/92} 31%(21.6,40.4)
36.2+£4.38

{3/64} 4.7%(-0.48,9.88)
{8/65} 12.3%(4.4,20.2)
{2/92} 2.1%(-0.82,5.02)
{6/92} 6.5% (1.47,11.5)

Macrosomia (>4000 grams)
Shoulder Dystocia
Fetal Hypoglycemia

Data is presented as mean with SD or as a percentage.

In braces {events/total number of patients studied}

In Parenthesis (95% confidence interval Lower and upper limit)
Data presented is unadjusted

Abbreviation: NPH: Neutral Protamine Hagedorn

** Fetal outcome reported was perinatal mortality

*Ref: [10,11]

Our Study with patients on insulin glargine

Prior studies with patients on NPH*
{3/172} 1.7% (-0.23,3.63) **
{10/371}10.7% (7.36,13.8)

{231/324} 71% (66.0,75.9)

{20/205} 9.75% (4.28,15.2)

36.3+1.0

{4/183} 2.1% (0.03,4.17)

{26/166} 15.6% (10.9,21.11)

{7/98} 7.14% (2.09,12.19)

{66/346} 19% (14.87,23.13)

Table 2: Comparison of Maternal and fetal outcomes comparing our study with patients on insulin glargine with prior studies with patients on NPH.
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Maternal and fetal outcome

Our Study
Retrospective

Di Cianni et al.
Retrospective [14]

Fang et al.
Retrospective [15]

Negrato
et al. Observational prospective [12]

Ergman et al.
Retrospective [16]

Number of patients on glargine 92 43 52 55 65
Intrauterine deaths 1.1% 6 (abortions) 1 (fetal death) 0 (fetal death) X
Preeclampsia 7.6% 2.3% 1.9% 1.8% 25%
Cesarean section 45% 79% 53% X 65%
Maternal hypoglycemia 31% 9.3% 1.9% 1.8% X

Mean gestational (+SD; weeks) 1 36.2+4.38 372 + 15 37.8+0.9 37.2+1.4 37.3+28
Five minute Apgar score <7 4.7% X 2% 0 X
Macrosomia (>4000 grams) 12.3% 21% X 18% X
Shoulder Dystocia 2.1% X X X 0%

Fetal Hypoglycemia 6.5% 14.6% 2% 5.4% 29%

X indicates that no data is reported in those studies
Data is presented as mean plus standard deviation.
Ref [12,14-16]

Table 3: Maternal and fetal outcomes in patients using insulin glargine during pregnancy.

mortality and only one fetal death (miscarriage) was observed. This
compares favorably with the perinatal mortality rate of 1.7% reported
in other studies on patients on NPH insulin [10,11]. The rate of
maternal hypoglycemic episodes in our study was 31% compared to
9.8% in patients on NPH in other studies. This apparent high rate of
maternal hypoglycemic episodes in our study compared to 9.8% could
be explained by the fact that we included any hypoglycemic episodes
whereas the studies included in the meta-analysis explicitly defined
hypoglycemic episode as requiring assistance of another person [11].

The data from this study was also compared with other studies
evaluating the use of insulin glargine in pregnancy (Table 3). We
found 4 studies - 3 retrospective and 1 observational prospective with
at least 100 pregnant patients among the combined treatment groups.
The outcome from those studies was compared to the outcome from
our data. However, caution showed be used when making comparison
between studies as the participants were not randomized, the data was
from observational studies, and not all studies reported all baseline
characteristics. Some of the studies, including our own were lacking in
standard definitions of preeclampsia, maternal and fetal hypoglycemia
and macrosomia which makes comparisons across studies difficult.

The study has certain important limitations. The rate of early
pregnancy loss may be understated as this may have occurred prior
to being seen at the high risk perinatal center. However it is unlikely
that there may be underreporting of other fetal and maternal
complications. As medical records were used as a source of data, there
is the potential for missing information that may lead to bias. There was
no simultaneous control group for comparison and the results were
compared to other historical studies with pregnant patients on NPH.
The retrospective nature and small sample size in this study may also
limit clinical impact of the results.

The present study adds to the increasing number of reports
indicating that use of insulin glargine in pregnancy may be associated
with favorable neonatal and maternal outcomes. There has been
only one observational prospective study published by Negrato et
al. comparing insulin glargine with NPH insulin in 82 patients with
gestational and 56 patients with pregestational diabetes [12]. The
authors reported a decrease in adverse maternal and neonatal outcome
with insulin glargine compared with NPH treated patients. Pantolone
et al. looking at 23 reports of approx 1000 pregnancies found no
consistent, adverse maternal or fetal outcome with the use of Insulin
glargine [13].

Conclusion

Use of insulin glargine during pregnancy appears to be similar
to other studies using NPH insulin during pregnancy. Future studies
should include a prospective randomized controlled trial comparing
NPH, insulin detemir and insulin glargine to determine the benefits
and adverse effects of these insulin’s and to ensure the validity and
applicability of the results obtained by us and others.
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