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Summary

Insulin analogues are commonly used in pregnant women with diabetes. It
is not known if the use of insulin analogues in pregnancy is associated with
any higher risk of congenital anomalies in the offspring compared with use
of human insulin. We performed a literature search for studies of pregnant
women with pregestational diabetes using insulin analogues in the first
trimester and information on congenital anomalies. The studies were
analysed to compare the congenital anomaly rate among foetuses of mothers
using insulin analogues with foetuses of mothers using human insulin. Of 29
studies, we included 1286 foetuses of mothers using short-acting insulin
analogues with 1089 references of mothers using human insulin and 768
foetuses of mothers using long-acting insulin analogues with 685 references
of mothers using long-acting human insulin (Neutral Protamine Hagedorn).
The congenital anomaly rate was 4.84% and 4.29% among the foetuses of
mothers using lispro and aspart. For glargine and detemir, the congenital
anomaly rate was 2.86% and 3.47%, respectively. No studies on the use of
insulin glulisine and degludec in pregnancy were found. There was no statis-
tically significant difference in the congenital anomaly rate among foetuses
exposed to insulin analogues (lispro, aspart, glargine or detemir) compared
with those exposed to human insulin or Neutral Protamine Hagedorn insu-
lin. The total prevalence of congenital anomalies was not increased for
foetuses exposed to insulin analogues. The small samples in the included
studies provided insufficient statistical power to identify a moderate in-
creased risk of specific congenital anomalies. Copyright © 2015 John Wiley
& Sons, Ltd.

Keywords insulin analogues; congenital anomalies; pregnancy; diabetes; review

Introduction

Pregnant women with pregestational type 1 or type 2 diabetes are known to
have higher risks of adverse pregnancy outcomes of premature delivery,
stillbirth, perinatal mortality, foetal macrosomia, respiratory distress syn-
drome and congenital anomalies [1,2]. Poor glycaemic control before and
in the first trimester of pregnancy is associated with a higher rate of congen-
ital anomalies [3–5]. Pregnant women with type 2 diabetes may need to
switch from oral anti-diabetic medication to insulin to reach optimal
glycaemic control [6,7].

REVIEW ARTICLE

Received: 10 August 2015
Accepted: 11 September 2015

Copyright © 2015 John Wiley & Sons, Ltd.

DIABETES/METABOLISM RESEARCH AND REVIEWS
Diabetes Metab Res Rev 2016; 32: 366–375.
Published online 6 November 2015 in Wiley Online Library (wileyonlinelibrary.com) DOI: 10.1002/dmrr.2730



Since 1996, insulin analogues that are artificial deriva-
tives of insulin have been available. The short-acting
analogues lispro, aspart and glulisine are effective within
5–20 min. The long-acting glargine, detemir and degludec
are less soluble than human insulin and are slowly
released from a depot in the subcutaneous tissue,
resulting in stable blood levels and a longer duration of
action (20–42 h) than human insulin with extended
release [Neutral Protamine Hagedorn (NPH) and zinc
insulin]. The combination of a short-acting analogue with
a long-acting analogue has proved to cause less severe
hypoglycaemia especially at night, less weight gain and
better adherence and satisfaction of the patients than
human insulin [8]. These advantages have resulted in
the increasing use of insulin analogues in diabetic preg-
nant women and those planning to become pregnant.

In 1997, shortly after lispro became available on the
market, two infants with multiple congenital anomalies
exposed to lispro in pregnancy were reported [9]. A case
report of an infant exposed to aspart in pregnancy with
multiple congenital anomalies was published in 2008
[10]. These cases raised the question whether insulin
analogues could have a teratogenic effect. In vitro studies
found higher affinities of insulin analogues for the insulin
growth factor 1-receptor than human insulin, which
might have resulted in a higher mitogenic effect, espe-
cially for glargine. This might interfere with growth and
differentiation of the foetus [11]. On the other hand, it
was demonstrated that lispro and glargine were not likely
to cross the placenta [12,13]. In contrast to the case re-
ports mentioned previously, six pregnancies exposed to
insulin analogues were reported that resulted in children
without congenital anomalies [14–19]. No difference has
been found in the congenital anomaly rate of pregnancies
exposed to insulin analogues and those exposed to human
insulin in several randomized controlled trials and large
cohort studies [20].

Because diabetic pregnancies have higher risks of con-
genital anomalies compared with the general population,
it is important to avoid additional risks caused by the
diabetic treatment itself. The possible teratogenic effect
of an anti-diabetic drug is a balance of its direct effect
on the foetus and its ability to alleviate the teratogenic
effect of diabetes and poor glucose control, which makes
safety studies difficult. Most teratogenic exposures do
not increase the prevalence of anomalies in general but
have a more selective effect on specific congenital anom-
alies. It is not known whether there is an association
between insulin analogues and specific congenital anom-
alies. In this literature review, we combined the results
of studies on congenital anomalies among diabetic
pregnancies exposed to insulin analogues in the first
trimester. Our aim is to investigate if there is an
increased risk of congenital anomalies among foetuses

exposed to insulin analogues compared with foetuses
exposed to human insulin.

Methods

Search strategy

We searched Pubmed and Embase for articles about insu-
lin analogues, pregnancy and congenital anomalies using
the following search strategy:

1. (‘congenital abnormalities’ [Mesh] OR ‘pregnancy
complications/drug therapy’ OR ‘pregnancy
complications/drug effects’ OR ‘pregnancy out-
come’ [Mesh])
AND

2. (‘insulin/analogues and derivatives’ OR ‘insulin lispro’
OR ‘insulin aspart’ OR ‘insulin glargine’ OR ‘insulin
glulisine’ OR ‘insulin detemir’ OR ‘insulin degludec’).

The last searching day was 30May 2014. From the selected
studies, also, the references were searched for studies.

Selection

The inclusion criteria were as follows:

• original, non-overlapping studies including pregnan-
cies of women with pregestational diabetes,

• exposure to insulin analogues in the first trimester
(≤12 weeks of gestation),

• detailed information on congenital anomalies and
• randomized controlled trials, cohort studies or obser-

vational studies with ≥5 exposed pregnancies.

Because teratogenic effects occur during organogenesis
in the first trimester of pregnancy, studies with insulin
analogue use later than the first trimester (>12 weeks
of gestation) were excluded. In the study of Hod et al.
[21], we only included pregnancies exposed to detemir
or NPH during the whole of the first trimester. In five
studies, there was no information on insulin use in the
first trimester for 4–39% (in total 46) of the pregnancies,
which were exposed to insulin analogues after the first
trimester [22–26], and the congenital anomalies were
not separately reported. We included the whole insulin
analogue-exposed group, assuming that these 46 preg-
nancies were exposed to the same insulin analogue in
the first trimester and made a corresponding remark in
the footnote of the table.
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Data extraction

The selected studies were reclassified in five types of study
designs. These could be different from the design named
by the authors.

1. Randomized controlled trials.
2a. Prospective cohort studies (with reference group

exposed to human insulin).
2b. Retrospective cohort studies (with reference group

exposed to human insulin).
3a. Prospective exposed group (without reference group).
3b. Retrospective exposed group (without reference group).

Data analysis

The studies were analysed per individual insulin ana-
logue. We calculated the overall rate of infants with one
or more congenital anomalies (major and minor anoma-
lies, based on the classification given in the article). We
compared the rate of congenital anomalies in the insulin
analogue-exposed foetuses with those exposed to human
insulin (reference group). Studies including all births (live
births, foetal deaths, stillbirths from 20 weeks and termi-
nations of pregnancy) and studies including only live
births were analysed separately.

The studies providing detailed information on congeni-
tal anomalies were included in the analysis of the preva-
lence of major anomaly subgroups. All anomalies were
reclassified according to the congenital anomaly sub-
groups of European Surveillance of Congenital Anomalies
(EUROCAT) and only included major anomalies [27].
This was checked by one of the authors (E. G.). The
congenital anomalies, which were minor according to
EUROCAT, were excluded. We calculated the prevalence
of major congenital anomaly subgroups among foetuses
exposed to insulin analogues and to human insulin. A
significant higher prevalence among the foetuses exposed
to insulin analogues was considered as an indication of
increased risk of that specific congenital anomaly sub-
group in the foetus exposed to the insulin analogue. In
the congenital anomaly subgroup analysis, an infant
with multiple congenital anomalies within one subgroup
(e.g. combination of common arterial truncus and ventric-
ular septal defect) was counted only once.

Statistical analysis

To compare the rate and prevalence of congenital anoma-
lies in the foetuses exposed to insulin analogues with
those exposed to human insulin, the chi-square test was
used. Relative risks and 95% confidence intervals were

calculated comparing the congenital anomaly rate.
Microsoft® Office Excel 2010 (Microsoft® Corp.,
Redmond, WA, USA) and R version 3.1.0 (Free Software,
Free Software Foundation, Boston, MA, USA) software
were used for the data analysis. A p-value<0.05 was
considered to be statistically significant.

Results

In Pubmed and Embase, we found 342 articles of which
29 met the inclusion criteria as is shown in Figure 1. The
studies were categorized per individual insulin analogue
and per design as shown in Table 1.

Insulin lispro

Twelve studies with insulin lispro-exposed pregnancies
were found of which nine included all births and three
included only live births (Table 2). Among the 1053 foe-
tuses exposed to insulin lispro, there were 51 who were
affected by at least one congenital anomaly (4.80%).
This rate was lower than the rate among the human
insulin-exposed pregnancies (5.75%) but not signifi-
cantly [RR=0.84 (95% CI: 0.56–1.26; Table 2]. No dif-
ference was found in anomaly rates of foetuses exposed
to lispro and human insulin in the separate analysis of
studies including all births and studies with only live
births.

Figure 1. Selection of articles for the review. *No English lan-
guage/not available/no separate information of human insulin
and insulin analogue-exposed pregnancies on congenital anoma-
lies/only human insulin use.
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Table 1. Numbers of selected studies categorized by insulin analogue type and design

Study design Lispro Aspart Glargine Detemir Glulisine Degludec Total

1. Randomized controlled trial 0 2 0 1 0 0 3a

2a. Prospective cohort study 2 0 1 0 0 0 3
2b. Retrospective cohort study 7 1 7 2 0 0 17a

3a. Prospective-exposed group (≥5) 0 0 2 0 0 0 2
3b. Retrospective-exposed group (≥5) 3 0 5 2 0 0 10
Total 12 3 15 5 0 0 35a

aOne randomized controlled trial with aspart and detemir was counted two times, one retrospective cohort study with glargine and lispro
was counted two times, one retrospective cohort study with lispro, aspart, glargine and detemir was counted four times and one retro-
spective cohort study with glargine and detemir was counted two times.

Table 2. (a) Congenital anomalies in foetuses exposed to insulin lispro compared with human insulin

Exposed to insulin lispro Exposed to human insulin
p (χ2)

Number of
foetuses

Foetuses with
anomaliesa

Number of
foetuses

Foetuses with
anomaliesa

Including all births
García-Domínguez 2011b [28] 103 4 241 8 —

Chico 2010 [43] 75 3 240 16 —

Aydin 2008 [44] 10 0 23 3 —

Cypryk 2004 [45] 25 0 46 1 —

Scherbaum 2002c [29] 33 3 27 1 —

Bhattacharyya 2001d [22] 27 1 70 9 —

Negrato 2010 [46] 38 4 — — —

Wyatt 2004 [30] 542 29 — — —

Masson 2003 [31] 61 2 — — —

Subtotal 914 46 647 38 —

Anomaly rate % — 5.03 — 5.87 0.54
Only live births
Durnwald 2008 [32] 58 2 49 2 —

Garg 2003 [33] 62 2 — — —

Anderson 1997 [9] 19 1 — — —

Subtotal 139 5 49 2 —

Anomaly rate % — 3.60 — 4.08 1
Total 1053 51 696 40 —

Anomaly rate % — 4.84 — 5.75 0.47
RR=0.84 (95% CI: 0.56–1.26)

(b) Prevalence of major congenital anomaly subgroups coded according to European Surveillance of Congenital Anomalies from foetuses
exposed to insulin lispro compared with human insulin

Congenital anomaly subgroup Lispro n= 905 Prevalence/1000 Human insulin n=387 Prevalence/1000 p (χ2)

Nervous system 4 4.42 1 2.58 1
Congenital heart defects 18e 19.89 8f 20.67 1
Orofacial clefts 3 3.31 0 0.00 —

Urinary 3 3.31 5 12.92 0.10
Genital 1 1.10 0 0.00 —

Limb 7 7.73 3 7.75 1
Other anomalies/syndromes 1 1.10 0 0.00 —

Mean/median HbA1c values during the first trimester in separate studies could be found in supplement Table 2. Range in lispro-exposed
group: 6.1–8.9% and in human insulin-exposed group: 6.0–8.3%.
References in italics: studies used for the analysis of specific congenital anomalies (Table 2).
VSD, ventricular septal defect.
aAll malformed births as they are reported in the studies.
bGarcia-Dominguez: spontaneous abortions and multiple pregnancies were excluded.
cScherbaum: using of lispro during pregnancy, it was not reported especially that it was used in the first trimester.
dBhattacharya: one of the 27 exposed used lispro from week 14.
eOne combination of common arterial truncus and VSD.
fOne combination transposition of great vessels and VSD.
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Eight studies contained detailed information on specific
congenital anomalies [9,22,28–33]. The prevalence of
specific major congenital anomaly subgroups from these
studies according to the EUROCAT classification is shown
in Table 2. No significant difference was found between
lispro and human insulin-exposed pregnancies in all sub-
groups of congenital anomalies. The prevalence of the
subgroup relating to the nervous system was higher
among the foetuses exposed to lispro compared with
human insulin (4.42 vs 2.58/1000) but not significantly.
The subgroup relating to congenital heart defects showed
a comparable prevalence: 19.89 and 20.67 per 1000,
respectively, among the lispro and human insulin-exposed
foetuses. A lower prevalence of the urinary tract
malformations, although not significant, was found
among foetuses exposed to lispro compared with those
exposed to human insulin (3.31 vs 12.92 per 1000).

Insulin aspart

We found three studies with insulin aspart exposure: two
randomized controlled trials [21,34] and one retrospec-
tive cohort study [28]. Among the total of 233 foetuses
exposed to insulin aspart, ten manifested a congenital
anomaly, 4.29% compared with 4.33% exposed to human
insulin [Table 3; RR=0.99 (95% CI: 0.46–2.13)].

Among the aspart-exposed foetuses, no urinary tract
anomalies were found (Table 3). The prevalence of

congenital heart defects was higher in the aspart-exposed
group, but not significant (34.33/1000 vs 17.81/1000;
p=0.30).

Insulin glargine

Fifteen studies with pregnancies exposed to insulin glargine
were selected. In all studies, glargine was combined with
lispro, aspart or human insulin. In the reference groups of
the studies, women used NPH insulin in combination with
lispro, aspart or human insulin.

Thirteen studies included all births; two included live
births only. We found 595 foetuses exposed to insulin
glargine, and among these were 17 with congenital
anomalies (2.86%; Table 4). The anomaly rate among
glargine-exposed foetuses is lower than among the foe-
tuses exposed to NPH insulin (3.52%) but not significant
[RR=0.81 (95% CI: 0.40–1.65)]. Similarly, no significant
difference was found in the separate analysis of studies
including all births and studies with only live births.

In the analysis of specific congenital anomalies, we
included 12 studies of which six found no congenital
anomalies [24,35–39]. The results of the specific con-
genital anomalies are shown in Table 4. The prevalence
of the anomaly subgroups ‘nervous system’ and ‘congen-
ital heart defects’ among the glargine-exposed foetuses
was similar to the reference group: 4.69 vs 3.02/1000;
p=1 and 7.04 vs 9.06/1000; p=1, respectively. No

Table 3. (a) Congenital anomalies in foetuses exposed to insulin aspart compared with human insulin

Exposed to insulin aspart Exposed to human insulin

Number of
foetuses

Foetuses with
anomaliesa1)

Number of
foetuses

Foetuses with
anomaliesa1) p (χ2)

Including all births
García-Domínguez 2011b2) [28] 7 0 241 8 —

Hod 2008 [34] 151 6 152 9 —

Hod 2014 [21] 75 4 — — —

Total 233 10 393 17 —

Anomaly rate % — 4.29 4.33 1
RR=0.99 (95% CI: 0.46–2.13)

(b) Prevalence of major congenital anomaly subgroups coded according to European Surveillance of Congenital Anomalies from
pregnancies exposed to insulin aspart compared with human insulin

Congenital anomaly subgroup Aspart n=233 Prevalence/1000 Human insulin n=393 Prevalence/1000 p (χ2)

Nervous system 1 6.33 2 5.09 1
Congenital heart defects 8 34.33 7c 17.81 0.30
Urinary 0 0.00 4 10.18 —

Limb 0 0.00 1 2.54 —

Mean/median HbA1c values during the first trimester in separate studies could be found in supplement Table 3. Range in aspart-exposed
group: 6.8–6.9% and in human insulin-exposed group: 6.6–6.8%.
References in italics: studies used for the analysis of specific congenital anomalies (Table 3).
VSD, ventricular septal defect.
aAll malformed births as they are reported in the studies.
bGarcia-Dominguez: spontaneous abortions and multiple pregnancies were excluded.
cOne combination of VSD and transposition of great vessels.
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urinary tract anomalies were found among the glargine-
exposed foetuses.

Insulin detemir

We found five studies with insulin detemir-exposed
pregnancies, of which one was a randomized controlled
trial. Among the total of 173 foetuses exposed to
detemir, six with congenital anomalies were found

(3.47%, Table 5). No significant difference was found
in anomaly rate between the foetuses exposed to
detemir and those exposed to NPH insulin [3.80%;
RR=0.91 (95% CI: 0.35–2.39)].

In the analysis of specific anomalies, all five studies
were included. The prevalence of congenital heart defects
and urinary tract defects was similar between the detemir-
exposed foetuses and the NPH insulin-exposed foetuses
(17.34 vs 18.99/1000; p=1 and 11.56 vs 12.66/1000;
p=1, respectively).

Table 4. (a) Congenital anomalies in foetuses exposed to insulin glargine in combination with aspart/lispro/short-acting human
insulin compared with NPH insulin in combination with aspart/lispro/short-acting human insulin or CSII of aspart/lispro

Exposed to insulin glargine Exposed to NPH insulin

Number of
foetuses

Foetuses with
anomaliesa

Number of
foetuses

Foetuses with
anomaliesa p (χ2)

Including all births
Bruttomesso 2011 [47] 44 1 — — —

García-Domínguez 2011b [28] 15 0 241 8 —

Negrato 2010 [46] 18 1 38 4 —

Fang 2009 [35] 37 0 16 0 —

Pöyhönen-Alho 2007 [48] 42 1 49 0 —

Callesen 2013c [49] 48 2 — — —

Lepercq 2010 [50] 106 2 — — —

Tahrani 2008d [23] 13 1 — — —

Gallen 2008e [25] 115 3 — — —

Di Cianni 2008f [51] 107 5 — — —

Cechurova 2006 [37] 7 0 — — —

Al-Shaikh 2006 [38] 11 0 — — —

Woolderink 2005g [24] 7 0 — — —

Subtotal 570 16 344 12 —

Anomaly rate % — 2.81 — 3.49 0.70
Only live births
Imbergano 2008 [41] 15 0 15 0 —

Price 2007 [42] 10 1 10 1 —

Subtotal 25 1 25 1 —

Anomaly rate % — 4.00 — 4.00 1
Total 595 17 369 13 —

Anomaly rate % — 2.86 — 3.52 0.70

(b) Prevalence of specific major congenital anomaly subgroups coded according to European Surveillance of Congenital Anomalies from
foetuses exposed to insulin glargine (in combination with short-acting analogue or human insulin) compared with NPH insulin (in
combination with short-acting analogue or human insulin) or CSII with short-acting analogue

Congenital anomaly subgroup Glargine n=426 Prevalence/1000 NPH n=331 Prevalence/1000 p (χ2)

Nervous system 2 4.69 1 3.02 1
Congenital heart defects 3 7.04 3h 9.06 1
Orofacial clefts 1 2.35 0 0.00 —

Urinary 0 0.00 4 12.08 —

Genital 1 2.35 1 3.02 1
Limb 1 2.35 0 0.00 —

Mean/median HbA1c values during the first trimester in separate studies could be found in supplement Table 4. Range in glargine-exposed
group: 6.7–8.1% and in human insulin-exposed group: 6.6–7.8%.
References in italics: studies used for the analysis of specific congenital anomalies (Table 4).
NPH, Neutral Protamine Hagedorn; CSII, continuous subcutaneous insulin infusion; VSD, ventricular septal defect.
aAll malformed births as they are reported in the studies.
bGarcia-Dominguez: spontaneous abortions and multiple pregnancies were excluded.
cCallesen: reference group was group with detemir.
dTharani: 11 used glargine from conception, two from second trimester.
eGallen: 69% started glargine before conception, 30% later in pregnancy.
fDi Cianni 2008: glargine use 57.4% until 8.5 weeks.
gWoolderink : five glargine use from conception, one from 5 weeks, one from 27 weeks.
hOne combination of transposition of great vessels and VSD.
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Insulin glulisine and degludec

No studies were found involving the use of insulin
glulisine and degludec in pregnancy.

Discussion

In this literature review, we found 29 studies, of which
two were randomized controlled trials [21,34], describing
the congenital anomalies of infants whose mothers with
pregestational diabetes were exposed to insulin analogues
in the first trimester of pregnancy. We found no statisti-
cally significant difference in the congenital anomaly rate
among foetuses exposed to insulin analogues (lispro,
aspart, glargine or detemir) compared with those exposed
to human insulin or NPH insulin. The prevalence of major
anomaly subgroups according to the EUROCAT classifica-
tion did not differ significantly either. No studies were
found on the use of the insulin glulisine and degludec
during pregnancy in relation to congenital anomalies.

Our results that include the most recent studies confirm
the recommendations made in the guidelines. The

guideline of the National Institute for Health and Care
Excellence from the UK of 2008 [7] and the ‘Global
Guideline Pregnancy and Diabetes’ of the International
Diabetes Federation of 2009 [6] considered lispro and
aspart as being safe in pregnancy based on clinical studies
and experience so far. Glargine and detemir were not
advised to be used in pregnancy because of limited expe-
rience and lack of population-based studies. In 2012, the
US Food and Drug Administration approved the use of
detemir in pregnancy.

In addition, our results also indicate that there are no
signals that specific congenital anomaly subgroups are
related to certain insulin analogues. In most anomaly sub-
groups, the prevalence was comparable between a specific
insulin analogue and human insulin. Less anomalies of
the urinary system were found among foetuses exposed
to insulin analogues than exposed to human insulin, but
not to a statistically significant level. The prevalence of
congenital heart defects was higher among foetuses
exposed to aspart compared with human insulin, but the
sample was relatively small, and the difference was not
statistically significant.

The sample size of the studies, too small to detect rare
congenital anomalies, was the most important limitation

Table 5. (a) Congenital anomalies in foetuses exposed to insulin detemir in combination with aspart/lispro/short-acting human
insulin compared with NPH insulin in combination with aspart/short-acting human insulin

Exposed to insulin detemir Exposed to insulin NPH
Number of
foetuses

Foetuses with
anomaliesa

Number of
foetuses

Foetuses with
anomaliesa p (χ2)

Including all births
Hod 2014b [21] 73 3 75 4 —

García-Domínguez 2011c [28] 1 0 241 8 —

Callesen 2013d [49] 71 2 — — —

Shenoy 2012e [26] 18 1 — — —

Lapolla 2009 [52] 10 0 — — —

Total 173 6 316 12 —

Anomaly rate % — 3.47 — 3.80 1
RR=0.91 (95% CI: 0.35–2.39)

(b) Prevalence of specific major congenital anomaly subgroups coded according to European Surveillance of Congenital Anomalies from
foetuses exposed to insulin detemir with aspart/lispro compared with NPH/aspart or human insulin

Congenital anomaly subgroup Detemir n=173 Prevalence/1000 NPH n=316 Prevalence/1000 p (χ2)

Nervous system 0 0.00 1 3.16 —

Congenital heart defects 3 17.34 6f 18.99 1
Urinary 2 11.56 4 12.66 1
Genital 1 5.78 0 0.00 —

Mean/median HbA1c values during the first trimester in separate studies could be found in supplement Table 2. Range in detemir-exposed
group: 6.6–8.1% and in human insulin-exposed group: 6.6–7.1%.
References in italics: studies used for the analysis of specific congenital anomalies (Table 5).
NPH, Neutral Protamine Hagedorn; VSD, ventricular septal defect.
aAll malformed births as they are reported in the studies.
bIn the study by Hod, we used a subgroup from which it was sure that detemir had been used in the whole first trimester.
cGarcia-Dominguez: spontaneous abortions and multiple pregnancies were excluded.
dCallesen: reference group was group with glargine.
eShenoy: detemir use from conception: 10, first trimester: 1, second trimester:7.
fOne combination of transposition of great vessels and VSD.
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of this review. The relatively small samples in the
included studies provide insufficient statistical power to
identify a moderate risk of specific anomalies. To detect
an increased risk of a specific congenital anomaly with a
prevalence of 1 per 1000 or less, at least 2000 exposed
and 4000 unexposed foetuses are necessary. If exposure
to insulin analogues in pregnancy results in a moderate
increase of rarer congenital anomalies, the sample size
of each individual study included in this review, even
combined, is too small to detect any teratogenic risk. In
the randomized controlled trials of aspart or detemir,
the total congenital anomaly rate among analogues is
not higher than among foetuses exposed to human insu-
lin, but information about specific congenital anomalies
is lacking. More research with larger study populations
or other study design (case–control surveillance) is
needed to investigate this further.

The information summarized in this review on congen-
ital anomalies depends particularly on the diagnosis given
by the physician and the interpretation of the authors in
the individual studies. In the study by Hod et al. [21],
the diagnosis of a congenital anomaly was made by two
experts who sometimes disagreed. In view of this, we
reclassified the congenital anomalies according to the
EUROCAT system, but the information was not always
clear, and misclassifications could have been possible.

In five studies with pregnancies exposed to lispro or
glargine, only live births were included [32,33,40–42].
In the analysis of lispro (Table 2), the overall congenital
anomaly rate including studies with live births only was
lower than that of studies including foetal deaths, still-
births and termination of pregnancies. In the analysis of
glargine (Table 4), the anomaly rates were similar. We
did include studies with live births in the analysis of spe-
cific congenital anomalies, but it is possible that in these
studies, some serious prenatally diagnosed congenital
anomalies were missed.

An important risk factor for congenital anomalies in dia-
betic pregnancies is glycaemic control at conception and in
the first trimester of pregnancy. This is indicated by the
HbA1c value [3–5]. The studies included in this review pre-
sentedHbA1c values in various ways: mean ormedian, over
the entire pregnancy or for the three trimesters separately.
Because of these differences in reporting HbA1cs, we were
not able to include them in the analysis. However, we re-
ported the range of the HbA1c values over the first trimes-
ter of pregnancy in the exposed pregnancies in a footnote
of Tables 2–5 and listed them in ‘supplement Tables 2, 3,
4 and 5’. The HbA1c values of pregnancies exposed to
insulin analogues and those exposed to human insulin
were comparable. Information on possible confounders
such as age, obesity and smoking was available in some
studies, but, as for the HbA1c, reporting in the studies
was too diverse to include these parameters in the analysis.

The congenital anomaly rate and prevalence of most
congenital anomaly subgroups found among foetuses
exposed to insulin glargine were lower than foetuses
exposed to lispro, aspart and detemir. The profile of the
pregnant women in the studies of glargine might be differ-
ent from those included in the studies of other insulin
analogues. The studies of insulin glargine did not include
randomized controlled trials and included small exposed
groups without a reference group in which women were
recruited from hospitals or diabetes clinics. It is possible
that these diabetic mothers were better monitored than
diabetic mothers from large cohorts, resulting in less
congenital anomalies.

Inclusion of 46 pregnancies exposed to insulin ana-
logues in the second or third trimester may influence our
results because these pregnancies may have actually been
exposed to human insulin in the first trimester as well.

In the future, larger cohort studies and randomized
controlled trials are needed to confirm the safety of
insulin glargine in pregnancy in relation to the risk of
congenital anomalies. Studies with more exposed preg-
nancies with detailed information on specific congenital
anomalies or case–control studies could help to gather
more information on the risk of specific congenital anom-
alies in pregnancies exposed to aspart and detemir.

Conclusion

In this literature review, no indication of increased risk of
congenital anomalies was found among the offspring of
women with pregestational diabetes exposed to insulin
analogues (lispro, aspart, glargine or detemir) in the first
trimester of pregnancy compared with those exposed to
human insulin. No studies were found assessing the risk
with the insulin glulisine or degludec.
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