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Abstract
Objective  Diabetes in pregnancy and consequently the 
need for treatment with antidiabetic medication (ADM) 
has become increasingly prevalent. The prevalence and 
patterns of use of ADM in pregnancy from 2006 onward in 
seven different countries was assessed.
Research design and methods  Data sources included 
individually linked data from the nationwide health 
registers in Denmark (2006–2016), Finland (2006–2016), 
Iceland (2006–2012), Norway (2006–2015), Sweden 
(2006–2015), state-wide administrative and claims data 
for New South Wales, Australia (2006–2012) and two US 
insurance databases: Medicaid Analytic eXtract (MAX; 
2006–2012, public) and IBM MarketScan (2012–2015, 
private). The prevalence of ADM use was calculated as 
the proportion of pregnancies with at least one filled 
prescription of an ADM in the 90 days before pregnancy or 
within the three trimesters of pregnancy.
Results  Prevalence of any ADM use in 5 279 231 
pregnancies was 3% (n=147 999) and varied from 
under 2% (Denmark, Norway, and Sweden) to above 
5% (Australia and US). Insulin was the most used ADM, 
and metformin was the most used oral hypoglycemic 
agent with increasing use over time in all countries. In 
11.4%–62.5% of pregnancies with prepregnancy use, 
ADM (primarily metformin) was discontinued. When ADM 
treatment was initiated in late pregnancy for treatment 
of gestational diabetes mellitus, insulin was most often 
dispensed, except in the US, where glibenclamide was 
most often used.
Conclusions  Prevalence and patterns of use of ADM 
classes varied between countries and over time. While 
insulin remained the most common ADM used in 
pregnancy, metformin use increased significantly over the 
study period.

Introduction
Diabetes mellitus is an increasingly common 
disease worldwide, and a growing number of 
women of reproductive age have pregesta-
tional diabetes.1 Likewise, gestational diabetes 
mellitus (GDM) is one of the most common 
complications of pregnancy, affecting over 
15% of pregnancies worldwide.2 Obesity is 

related to the development of diabetes, and 
as the burden of the obesity epidemic grows, 
both pregestational diabetes and GDM are 
increasing in prevalence. Consequently, so 
too is the need for antidiabetic medication 
(ADM) use in pregnancy.3

Until recently, insulin was the only medica-
tion recommended for use in pregnancy for 
women with pregestational diabetes. Women 
treated with oral hypoglycemic agents (OHA) 
were advised to switch to insulin when they 
became pregnant4 (G1; see online supple-
mentary table S1 for guideline references). A 
handful of small clinical studies have found 
metformin to be as effective as insulin for 
treatment of diabetes during pregnancy 

Significance of this study

What is already known about this subject?
►► Rates of pregestational and gestational diabetes are 
increasing.

►► Traditionally, insulin has been the first-line drug in 
treatment of diabetes during pregnancy, however in 
the last decade, guidelines have started to promote 
oral hypoglycemic agent use in pregnancy.

What are the new findings?
►► Prevalence of any antidiabetic medication use in 
pregnancy varied from under 2% (Denmark, Norway, 
and Sweden) to above 5% (Australia and US).

►► Insulin remained the most common antidiabetic 
medication used in pregnancy and metformin use 
increased significantly over the study period.

How might these results change the focus of 
research or clinical practice?

►► The increasing number of women using different 
classes of antidiabetic medication in pregnancy 
highlights the need for better evidence on the short-
term and long-term safety of oral hypoglycemic 
agents relative to insulin for mothers and infants
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without increasing the risk of neonatal or maternal 
morbidity.5–7 Hence, some Nordic guidelines now 
promote the continuation of metformin from prepreg-
nancy into the gestational period, with the addition of 
insulin if glycemic control is not reached (G4, G7, and 
G9). Additionally, metformin is recommended for the 
management of metabolic and menstrual irregularities 
in women with polycystic ovary syndrome (PCOS) and in 
treatment of infertility.8 9

Insulin has also been the first-line drug treatment for 
GDM where management by lifestyle modification is 
not sufficient to control blood glucose levels. Random-
ized control trials (RCTs) have demonstrated the effi-
cacy of metformin for treatment of GDM compared with 
insulin,10 11 and its use is supported in GDM treatment 
guidelines (G7 and G15). Glibenclamide (glyburide), 
another OHA, has been included in some US guidelines 
for treatment of GDM (G11 and G13).

Evidence is lacking on the short-term and long-
term safety of OHA relative to insulin for mothers and 
infants.3 12–15 The first step towards addressing this crit-
ical issue is to assess to what extent and how OHA are 
used in pregnancy. A multinational study assessed ADM 
use in pregnancy from 2004 to 2009 in seven European 
countries.16 Our study extends their study period by an 
additional 6 years resulting in five times the number of 
pregnancies.

This study aimed to assess ADM utilization during 
pregnancy from 2006 to 2016 in seven countries on three 
continents, including trends in use of insulin and OHA 
as well as the characteristics of women and their preg-
nancies according to ADM use patterns in early and late 
pregnancy.

Methods
Study setting and data sources
This observational drug utilization study included all 
pregnancies recorded from 2006 to the end of the 
available data in the respective databases. The national 
medical birth registers in each Nordic country include 
data on all pregnancies resulting in the delivery of live 
born and stillborn infants from week 12 (Norway) or 
week 22 (Denmark, Finland, Iceland, and Sweden). For 
Sweden, all pregnanices of mothers who delivered at least 
one liveborn child were included. Unique personal iden-
tity numbers allow for linkage of data from the medical 
birth registers to prescribed drug registers in which 
dispensations of prescribed medications are recorded.

In Australia, New South Wales (NSW) is the most popu-
lous state, and the NSW Perinatal Data Collection is a 
statutory collection about pregnancy and outcomes for 
all live and stillbirths of at least 20 weeks of gestation or at 
least 400 g birth weight. Birth records were linked to the 
Pharmaceutical Benefits Scheme database and restricted 
to pregnancies among concessional beneficiaries for 
whom the database has complete capture of dispensed 
prescription medications.

From the US, nationwide cohorts of pregnant women 
linked to their live-born infants from two healthcare utili-
zation databases were included: the Medicaid Analytic 
eXtract (US MAX) covering publicly insured women, and 
the IBM MarketScan Commerical Claims and Encoun-
ters Database containing commercially insured women.

In the Nordic countries and Australia, gestational age 
was determined by ultrasound examination in the first or 
second trimester, from which the date of last menstrual 
period (LMP) was confirmed. In the US, gestational 
age was assigned using previously validated algorithms 
based on international statistical classification of disease 
(ICD-9) codes. Additional information on the data 
sources is presented in online supplementary table S2.

Exposure definition and prevalence of use
ADM was identified according to the WHO Anatomical 
Therapeutic Chemical classification code A10 ‘Drugs 
used in diabetes’ (online supplementary table S3). 
Any ADM use in pregnancy was defined as at least one 
recorded dispensation from 90 days before LMP to the 
end of pregnancy. Prevalence of use in each population 
was calculated as the number of pregnancies with any 
ADM use divided by the total number of deliveries per 
year. The prevalence of use of specific classes of ADM was 
similarly calculated based on the number of pregnancies 
with at least one dispensation of insulins, biguanides, 
sulfonylureas or other ADM.

Four exposure periods were defined: prepregnancy 
(PRE: from 90 days before LMP to the day before LMP), 
first trimester (T1; 0–97 days of gestation), second trimester 
(T2; 98–202 days of gestation) and third trimester (T3; 203 
days of gestation to delivery). The trimester definitions 
used in the Finnish data were: T1=0–84, T2=85–182, and 
T3=183 days of gestation to delivery.

ADM use patterns and related pregnancy characteristics
Pregnancies with ADM use were categorized into three 
mutually exclusive, predefined ADM use patterns based 
on the dispensation patterns before and during preg-
nancy: continuous ADM use was defined as having a 
dispensation in both early (PRE or T1) and late (T2 or 
T3) pregnancy; discontinued ADM use in prepregnancy or 
early pregnancy was defined as having at least one dispen-
sation in PRE or in T1, with no further dispensations; late 
pregnancy ADM initiation was defined as having the first 
dispensation of an ADM in T2 or T3.

Characteristics of pregnancies within these three ADM 
use patterns were described including information, 
as available from each data source, on maternal age at 
delivery (categorized as ≤24, 25–29, 30–34, 35–39, and 
≥40 years), parity (categorized as 1, 2, 3, and ≥4), body 
mass index (categorized as <18, 18–24, 25–29, 30–34, 
35–39, and ≥40 kg/m2), smoking in the first trimester 
of pregnancy (yes/no), and cohabitation with a partner 
(yes/no). ADM class per use pattern was categorized as 
insulin only, biguanides only, other ADM only (all other ADM 
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excluding insulin and biguanides), or mixed ADM (more 
than one class of ADM).

When available, information about diagnoses of 
pregestational diabetes, GDM, infertility, and PCOS was 
collected from the birth registers, by ICD-10 codes in 
the Nordic patient registers and the Australian data,17 
or based on ICD-9 codes in the US healthcare utilization 
databases. However, because of the variability in quality 
and coverage within and between data sources, these 
diagnoses were not used to identify indications of ADM 
use but only for descriptive purposes.

Late pregnancy ADM initiation: assessing ADM class use
To examine which medications were used as first-line 
pharmacological treatment of GDM, the ADM class of 
the first dispensation in pregnancies with late-pregnancy 
ADM initiation (T2 or T3) was categorized into ‘insulin’, 
‘biguanide’, or ‘other ADM’. Prevalence of each ADM cate-
gory was calculated, as well as the proportion of these 
pregnancies with a second class of ADM dispensed.

Types of insulin use over time
Prevalence of different types of insulin use was calcu-
lated for all pregnancies with at least one dispensation of 
insulin and categorized into ’human insulin only’, ’insulin 
analogue only’, and ‘both human and analogue insulin’.

Results
Any ADM use in pregnancy
A total of 5 279 231 pregnancies from the seven countries 
were included, of which 3% (n=1 47 999) had at least one 
recorded ADM dispensation in pregnancy.

Figure 1 shows the trends of any ADM use in pregnancy 
over time for each country. Overall, with fewer than 2% 
of pregnancies, Denmark, Norway, and Sweden had the 
lowest use of ADM consistently over time. Highest overall 
use was in Australia, which increased from 3.7% in 2006 
to 5.9% in 2012, followed by US MarketScan, from 5.2% 
in 2012 to 5.4% in 2015. ADM use increased in Iceland 
(from 1.8% to 3.2%), Finland (from 1.9% to 3.4%), 
Norway (from 1.3% to 2.0%), and US MAX (from 3.0% 
to 3.9%) from the first to last year of their respective study 
periods. Of the OHA, within the biguanide and sulfony-
lurea classes, respectively, metformin and glibenclamide 
were used almost exclusively. Insulin was the most used 
ADM in all countries except in Denmark, where twice 
as many women used metformin compared with insulin 
and in the US MarketScan database where metformin 
was most commonly used. Metformin use increased over 
time in Finland, Iceland, and US MAX so that by the 
end of their respective study periods, it was as frequently 
used as insulin. There were few dispensations of thiazoli-
dinediones (0%–0.2% of all pregnancies) or other ADM 
classes (0.0%–0.15% of all pregnancies) including alpha 
glucosidase inhibitors, dipeptidyl peptidase 4 inhibitors, 
glucagon-like peptide-1 analogs, sodium-glucose cotrans-
porter 2a inhibitors, and other blood glucose-lowering 

drugs, and when dispensed, they were dispensed only 
once in the pregnancy period.

ADM use patterns and related pregnancy characteristics
Table  1 shows the characteristics of pregnancies within 
the three identified ADM use patterns.

Continuous ADM use
Of all pregnancies with ADM use, 16% (Australia), 26% 
(Denmark and Finland), 21% (Iceland), 36% (Norway), 
49% (Sweden), 33% (US MAX), and 27% (US Market-
Scan) of pregnancies used ADM continuously through 
pregnancy. Continuous ADM users were generally older 
and more often smokers than women with discontinued 
ADM use. Table  2 shows the prevalence of pregesta-
tional diabetes diagnoses within each ADM use pattern. 
Specifically, the prevalence of type 1 diabetes diagnoses 
varied greatly between countries for women with contin-
uous ADM use in pregnancy: 17.5% in the US datasets, 
45.6% in Iceland, and from 60% to 80% in the remaining 
Nordic countries (Australia did not have data separately 
for type 1 diabetes). This is also reflected in the pattern 
of ADM class dispensing within this group of pregnan-
cies: Finland, Denmark, Norway and Sweden had the 
highest rates of pregnancies with only insulin use when 
compared with Iceland, Australia, and the US where 
more pregnancies used oral ADM.

Discontinued ADM use in prepregnancy or early pregnancy
ADM use was discontinued in 11%–35% of pregnancies 
with ADM use in all countries, except Denmark, where 
62.5% had discontinued use. Compared with all other 
pregnancies with ADM use, women with discontinued 
use of ADM had lower parity. The majority of the preg-
nancies in this group (82%–98%) had dispensations of 
only metformin, with the exception of pregnancies in US 
MAX where 50% had dispensations of only metformin 
and 31% had dispensations of more than one class of 
ADM. Women with discontinued ADM use had the 
highest rates of infertility and PCOS diagnoses of all 
ADM use patterns.

Late pregnancy ADM initiation
Over the entire time period for each country, the 
percentage of all pregnancies with late pregnancy initiation 
of ADM ranged from 0.2% (Denmark) to 3.0% (Australia), 
representing from 11% (Denmark) to 59% (Finland) of 
pregnancies with ADM use. This percentage increased over 
time in all countries except in the US databases, which 
remained steady as shown in figure  2. Women with late 
pregnancy initiation had, compared with all other ADM 
use patterns, a higher BMI in all countries where data were 
available and were older in all countries except in the US 
MAX database, where the age distribution was similar in 
continuous and late pregnancy ADM users. The majority 
of pregnancies with late pregnancy ADM initiation (52%–
96%) had a recorded diagnosis of GDM.
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Figure 1  Prevalence of use of antidiabetic medication (ADM) in pregnancy presented by country. Black circle=insulin; black 
triangle=biguanides; black square=sulfonylureas; black Diamonds=thiazolidinediones, no marker=other ADM. *The y-axis scale 
for Australia is double that of the other countries, and the prevalence of ADM should be interpreted accordingly. Note: within 
the biguanide and sulfonylurea classes, respectively, metformin and glibenclamide were almost exclusively dispensed. MAX, 
Medicaid Analytic eXtract.
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Among the pregnancies with late pregnancy ADM initi-
ation, insulin was most often the first dispensed ADM 
in all countries, with the exception of the US where it 
was most often glibenclamide. Towards the end of the 
study period in Australia, Norway, Finland, Iceland, and 
Sweden, metformin increasingly became the first ADM 
dispensed (figure 2). In Finland from 2006 to 2010, up to 
20% of pregnancies had a dispensation of guar gum, an 
add-on medication for diabetes treatment. A second class 
of ADM was dispensed after the first in 0.4% (Denmark) 
to 9.5% (US MAX) of pregnancies with late pregnancy 
ADM initiation (table 2). The majority of these pregnan-
cies began with a metformin dispensation followed by an 
insulin dispensation, except in Norway, where an insulin 
dispensation was followed by metformin in all cases, and 
in the US, where 54% and 56% (MarketScan and MAX, 
respectively) of these pregnancies began with gliben-
clamide and then were dispensed insulin.

Type of insulin
Insulin analogs were the most commonly dispensed insu-
lins in all countries, frequently combined with human 
insulin (figure  3). Finland was the only country where 
human insulin use increased over time. Denmark had a 
marked decrease in the number of pregnancies that were 
dispensed both types of insulin. Sweden had the lowest 
use of human insulin, which accounted for less than 5% 
of pregnancies with insulin use.

Discussion
Summary of our findings
In this study of over 5 million pregnancies from seven 
countries from 2006 onward, 1%–6% of pregnant women 
used ADM in the 3 months before or during pregnancy. 
ADM use generally increased over time, and insulin 
remained the most commonly used drug. Metformin use 
increased, most markedly in Finland and Iceland. Gliben-
clamide was rarely used outside of the US, where its use 
predominated the choice of pharmacologic treatment 
for GDM.

These results are in agreement with the ADM utiliza-
tion in pregnancy study by Charlton et al (2016),16 which 
covered ADM use data from 2004 to 2009 in seven Euro-
pean countries, including Denmark and Norway.

ADM use patterns
Pregnancies were classified into three distinct predefined 
ADM use patterns based on ADM dispensation patterns 
in the 3 months before and during pregnancy (continuous 
use, discontinued use, and late pregnancy initiation). Maternal 
characteristics were consistent with expectations for each 
use pattern. As an example, women with continuous use of 
ADM throughout pregnancy were assumed to be treated 
for pregestational diabetes. The majority of continuous 
ADM users were dispensed only insulin, and in Denmark, 
Finland, Norway, and Sweden, the majority of these preg-
nancies had a recorded diagnosis of type 1 diabetes. This 
is in-line with the knowledge that the Nordic countries 

 on M
arch 5, 2020 by guest. P

rotected by copyright.
http://drc.bm

j.com
/

B
M

J O
pen D

iab R
es C

are: first published as 10.1136/bm
jdrc-2019-000759 on 2 N

ovem
ber 2019. D

ow
nloaded from

 

http://drc.bmj.com/


7BMJ Open Diab Res Care 2019;7:e000759. doi:10.1136/bmjdrc-2019-000759

Epidemiology/Health Services Research

Ta
b

le
 2

 
A

nt
id

ia
b

et
ic

 m
ed

ic
at

io
n 

cl
as

s 
an

d
 d

ia
gn

os
es

 in
 w

om
en

 a
nd

 p
re

gn
an

ci
es

 in
 t

hr
ee

 A
D

M
 u

se
 p

at
te

rn
s 

p
re

se
nt

ed
 b

y 
co

un
tr

y
A

us
tr

al
ia

D
en

m
ar

k
Fi

nl
an

d
Ic

el
an

d
N

o
rw

ay
S

w
ed

en
U

S
 M

A
X

U
S

 M
ar

ke
tS

ca
n

Continuous (%)

Discontinued (%)

Late pregnancy (%)

Continuous (%)

Discontinued (%)

Late pregnancy (%)

Continuous (%)

Discontinued (%)

Late pregnancy (%)

Continuous (%)

Discontinued (%)

Late pregnancy (%)

Continuous (%)

Discontinued (%)

Late pregnancy (%)

Continuous (%)

Discontinued (%)

Late pregnancy (%)

Continuous (%)

Discontinued (%)

Late pregnancy (%)

Continuous (%)

Discontinued (%)

Late pregnancy (%)

A
D

M
 c

la
ss

 �
In

su
lin

 o
nl

y
46

.8
10

.8
90

.7
75

.9
1.

1
97

.0
72

.5
3.

5
60

.1
54

.4
1.

7
95

.3
71

.2
4.

7
80

.6
86

.6
10

.0
96

.6
70

.2
6.

7
46

.7
30

.2
1.

8
33

.6

 �
B

ig
ua

ni
d

es
 

on
ly

 *
2.

0
81

.3
7.

0
8.

1
98

.1
1.

9
7.

9
93

.9
26

.6
19

.6
96

.0
2.

7
10

.6
93

.1
15

.0
1.

4
86

.8
2.

1
11

.0
50

.3
5.

5
28

.5
93

.0
6.

1

 �
O

th
er

 A
D

M
 

on
ly

 †
1.

4
0.

7
0.

3
0.

0
0.

3
0.

8
0.

2
0.

6
4.

2
0.

0
0.

6
0.

0
0.

3
0.

7
0.

1
0.

0
1.

1
0.

1
6.

1
12

.2
38

.2
2.

4
1.

6
52

.1

 �
M

ix
ed

 A
D

M
 ‡

49
.8

6.
5

2.
0

16
.0

0.
6

0.
4

19
.5

2.
0

9.
1

26
.0

1.
7

1.
9

17
.8

1.
5

4.
3

12
.0

2.
0

1.
2

12
.7

30
.8

9.
5

39
.0

3.
7

8.
2

R
ec

or
d

ed
 d

ia
gn

os
es

§

 �
P

re
ge

st
at

io
na

l 
d

ia
b

et
es

56
.8

11
.1

4.
6

80
.8

4.
0

18
.7

82
.9

4.
1

1.
4

57
.9

0.
7

4.
6

81
.7

6.
8

14
.6

89
.8

10
.5

8.
9

63
.8

18
.8

3.
0

41
.8

3.
9

1.
9

 �
G

D
M

23
.8

11
.9

77
.7

1.
7

6.
2

51
.2

0.
0

0.
0

84
.0

28
.7

9.
1

91
.6

8.
2

8.
1

78
.5

22
.4

7.
1

91
.9

1.
8

0.
4

86
.7

45
.4

24
.0

96
.2

 �
In

fe
rt

ili
ty

N
/A

N
/A

N
/A

0.
9

1.
9

0.
2

0.
1

0.
1

0.
0

N
/A

N
/A

N
/A

0.
2

1.
4

0.
2

15
.1

56
.2

15
.7

1.
1

5.
7

0.
6

22
.5

40
.5

12
.3

 �
P

C
O

S
N

/A
N

/A
N

/A
8.

3
36

.3
6.

1
0.

2
0.

4
0.

1
13

.5
8.

8
2.

5
7.

8
30

.7
3.

3
3.

0
21

.7
3.

2
3.

3
21

.6
0.

5
35

.6
62

.3
7.

4

C
on

tin
uo

us
 A

D
M

 u
se

 w
as

 d
efi

ne
d

 a
s 

at
 le

as
t 

on
e 

A
D

M
 d

is
p

en
sa

tio
n 

in
 t

he
 9

0 
d

ay
s 

b
ef

or
e 

p
re

gn
an

cy
 o

r 
in

 t
rim

es
te

r 
1 

an
d

 a
t 

le
as

t 
on

e 
d

is
p

en
sa

tio
n 

in
 t

rim
es

te
r 

2 
or

 3
.

D
is

co
nt

in
ue

d
 A

D
M

 u
se

 in
 p

re
p

re
gn

an
cy

 a
nd

 e
ar

ly
 p

re
gn

an
cy

 w
as

 d
efi

ne
d

 a
s 

ha
vi

ng
 a

t 
le

as
t 

on
e 

d
is

p
en

sa
tio

n 
in

 t
he

 9
0 

d
ay

s 
b

ef
or

e 
p

re
gn

an
cy

 o
r 

in
 t

rim
es

te
r 

1 
w

ith
 n

o 
fu

rt
he

r 
d

is
p

en
sa

tio
ns

.
La

te
 p

re
gn

an
cy

 A
D

M
 in

iti
at

io
n 

w
as

 d
efi

ne
d

 a
s 

a 
fir

st
 A

D
M

 d
is

p
en

sa
tio

n 
in

 t
rim

es
te

r 
2 

or
 3

.
*W

ith
in

 t
he

 b
ig

ua
ni

d
e 

A
D

M
 c

la
ss

, m
et

fo
rm

in
 w

as
 a

lm
os

t 
ex

cl
us

iv
el

y 
d

is
p

en
se

d
.

†W
ith

in
 t

he
 o

th
er

 A
D

M
 c

at
eg

or
y,

 g
lib

en
cl

am
id

e 
w

as
 a

lm
os

t 
ex

cl
us

iv
el

y 
d

is
p

en
se

d
.

‡M
ix

ed
 A

D
M

 w
as

 d
efi

ne
d

 a
s 

d
is

p
en

sa
tio

ns
 o

f m
or

e 
th

an
 o

ne
 c

la
ss

 o
f A

D
M

 in
 t

he
 s

am
e 

p
re

gn
an

cy
 p

er
io

d
.

§P
re

-e
xi

st
in

g 
d

ia
b

et
es

 c
at

eg
or

y 
co

m
b

in
es

 t
yp

e 
1 

an
d

 t
yp

e 
2 

d
ia

b
et

es
 d

ia
gn

os
es

. T
he

 r
ow

 p
er

ce
nt

ag
es

 m
ay

 a
d

d
 t

o 
m

or
e 

th
an

 1
00

%
 d

ue
 t

o 
th

e 
in

d
iv

id
ua

l r
ec

ei
vi

ng
 m

or
e 

th
an

 o
ne

 t
yp

e 
of

 d
ia

b
et

es
 d

ia
gn

os
is

. D
ia

gn
os

es
 s

ho
ul

d
 b

e 
in

te
rp

re
te

d
 w

ith
 c

au
tio

n 
d

ue
 t

o 
th

e 
lik

el
ih

oo
d

 o
f 

m
is

cl
as

si
fic

at
io

n 
of

 r
ec

or
d

ed
 d

ia
gn

os
is

.
A

D
M

, a
nt

id
ia

b
et

ic
 m

ed
ic

at
io

n;
 G

D
M

, g
es

ta
tio

na
l d

ia
b

et
es

 m
el

lit
us

;M
A

X
, M

ed
ic

ai
d

 A
na

ly
tic

 e
X

tr
ac

t;
 N

/A
, d

at
a 

no
t 

av
ai

la
b

le
; P

C
O

S
, p

ol
yc

ys
tic

 o
va

ry
 s

yn
d

ro
m

e.

 on M
arch 5, 2020 by guest. P

rotected by copyright.
http://drc.bm

j.com
/

B
M

J O
pen D

iab R
es C

are: first published as 10.1136/bm
jdrc-2019-000759 on 2 N

ovem
ber 2019. D

ow
nloaded from

 

http://drc.bmj.com/


8 BMJ Open Diab Res Care 2019;7:e000759. doi:10.1136/bmjdrc-2019-000759

Epidemiology/Health Services Research

Figure 2  ADM class dispensing patterns in late pregnancy in 2006, 2012, 2015/2016 presented by country. Striped 
bar=insulin, white bar=biguanides, black bar=other ADM, black line=% of all pregnancies with late pregnancy initiation of ADM 
defined as first ADM dispensation in trimester 2 or 3. ADM, antidiabetic medication; MAX, Medicaid Analytic eXtract.

have the highest prevalence of type 1 diabetes globally 
and relatively low prevalence of type 2 diabetes in young 
women, except for Iceland, where prevalence rates are 
more similar to those of Australia and the US, which is 
also reflected in our data.18–20

Pregnancies with late pregnancy ADM initiation were 
assumed to be in women diagnosed with and pharmaco-
logically treated for GDM. Characteristics of this group, 
compared with women who did not use ADM and those 
who had continuous ADM use during pregnancy, include 
higher age and BMI, which are known risk factors for 
GDM.21 This late pregnancy ADM initiation group may 
also include women who were managing pregestational 
type 2 diabetes with lifestyle modification who required 
the addition of ADM medication for glycemic control in 
pregnancy. However, without precise information about 

indication we are unable to specifically identify this 
subgroup of women.

Lastly, women with discontinued ADM use were 
assumed to be predominantly women being treated with 
metformin for PCOS and infertility before their concep-
tion of the recorded pregnancy. This is supported by the 
lower parity among women in this group and the higher 
rates of PCOS and infertility diagnoses compared with the 
other ADM use patterns. Similarly, Charlton et al16 found 
a high level of discontinuation of metformin during 
pregnancy and furthermore, a US study from 2001 to 
2007 reported that most women (67%) using metformin 
before pregnancy had a diagnosis for polycystic ovaries 
or infertility and that two-thirds did not continue ADM 
use during pregnancy.22 However, women with PCOS also 
have a higher risk for developing GDM,23 and a possible 
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Figure 3  Type of insulin dispensed in pregnancy over time by country. White bar=human insulin; black bar=analog insulins; 
striped bar=both human and analog insulin. MAX, Medicaid Analytic eXtract.
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scenario is that a woman is using metformin prepreg-
nancy, discontinues before or soon after conception, and 
then in late pregnancy begins ADM use for GDM treat-
ment. This treatment pattern would unavoidably result 
in them being classified into the continuous ADM use 
pattern. Furthermore, women with chronic conditions 
where medication is necessary or strongly recommended, 
including diabetes, have been reported to discontinue 
their medication use due to the perception of harm,24 
and therefore, it cannot be ruled out that some women 
in this category discontinued their ADM treatment for 
diabetes. Notably, Denmark had the highest percentage 
of pregnancies with discontinued use of ADM (62.5%) 
and 95%–99% of them used metformin.

Patterns in ADM class use over time
Charlton et al16 reported a slight increase in overall 
insulin prescribing from 2004 to 2009 and by 2005, 
insulin analogs were the most common type of insulin 
prescribed to pregnant women. We found that insulin 
analogs continued to be the most dispensed insulin type 
from 2006 to 2015, alone or most often in combina-
tion with human insulin. Drug reimbursement schemes 
may affect the prevalence of use of the different types 
of insulin in some countries. For example, in Norway, 
insulin analogs are not eligible for reimbursement for 
type 2 diabetes or GDM until after human insulin has 
been tried.25

Two notable and interconnected trends continued 
over the years in both the Charlton et al study (ending in 
2009) and our study data (ending in 2016). First, there 
was an increase in overall ADM use over time, primarily 
attributable to an increase in OHA use in pregnancy. 
Second, there was an increase in the number of pregnan-
cies pharmacologically treated for GDM overall, however 
with great variability in the prevalence between countries 
and databases.

The observed trend of increasing oral ADM use in 
pregnancy over time is likely due to two main factors: the 
increase in both pregestational diabetes and GDM,26–28 
as well as the issuing of guidelines recommending the 
use of OHA during pregnancy for treatment of diabetes. 
In 2008, the results of an RCT showing no difference 
in perinatal outcomes between metformin and insulin 
treatment for GDM were published,11 and a number of 
studies with similar conclusions followed.29 The UK’s 
National Institute for Health and Care Excellence 2008 
guidelines for diabetes treatment in pregnancy swiftly 
incorporated these results (G16), beginning a trend of 
other European guidelines advising on the suitability of 
metformin for treatment of diabetes in pregnancy. This 
likely explains the increase in the number of pregnan-
cies with metformin use over time in all countries in this 
study, and even in Sweden, where clinical guidelines 
only started recommending the use of metformin in 
pregnancy in 2010 for continued type 2 diabetes treat-
ment and in 2015 for GDM. In Denmark, metformin use 
peaked in 2011 and then started to decline, mimicking 

the metformin use pattern in the general population, 
after which an increase in newer oral ADM was observed 
but which was not reflected in our pregnancy data.30

We report an almost doubling in the use of metformin 
during pregnancy in NSW, Australia. The 2016 guide-
lines of the Royal Australian College of General Practi-
tioners and Diabetes Australia state that metformin can 
be used in pregnancy for the treatment of type 2 diabetes; 
however, the patient should be informed of the lack of 
long-term safety information. For GDM, the guidelines 
state that metformin has not been approved (G1). Adher-
ence to these guidelines is reflected in our results.

US guidelines still maintain that insulin is the only safe 
choice for pharmaceutical treatment of diabetes in preg-
nancy, but the American Diabetes Association recom-
mendations state that metformin and glibenclamide can 
be used with the caveat of there being no longer term 
follow-up on the children exposed to these medications 
in pregnancy (G12 and G14). A previous study in the 
US MarketScan database showed that glibenclamide use 
increased from 2000 to 2011 to replace insulin as the 
most common GDM treatment from 2007 onward.31 Our 
study includes US MarketScan data from 2012 to 2015 
and shows that glibenclamide continues to be the most 
commonly used ADM for GDM treatment, and overall, 
metformin is the most commonly used ADM in this popu-
lation of privately insured pregnant women. In the US 
MAX database, which is a population of pregnant women 
publicly insured by Medicaid, insulin remained the most 
commonly dispensed ADM; however, glibenclamide use 
increased specifically as first-line treatment for GDM.

The variability in the number of pregnancies being 
treated for GDM is likely a result of a number of factors, 
including the distribution of lifestyle risk factors among 
pregnant women such as an older age and higher BMI 
at pregnancy within each population,28 as well as an 
ongoing debate on the screening guidelines and diag-
nostic criteria for GDM. In 2013, in an attempt to have 
a single global guideline, the WHO published diagnostic 
criteria for the diagnosis of hyperglycemia in pregnancy 
(G17). Many countries have been slow or reluctant to 
adopt these recommendations resulting in continued 
variability in practice between countries and even within 
countries.32 However, Australia in 2015 (G1) and Sweden 
in 2018 (G10) implemented the WHO guidelines 
resulting in a lower threshold for identifying hypergly-
cemia in pregnancy and now a doubling to tripling of the 
number of women diagnosed with GDM in both countries 
is anticipated.33 34 Hence, the use of ADM in pregnancy 
is expected to continue to rise overall and specifically in 
countries adopting these WHO guidelines.

Future research
The increasing rates of metformin use in pregnancy can 
be expected to continue as previously unknown benefits 
of its use outside diabetes are explored. For example, two 
recently published RCTs have reported that metformin 
taken during pregnancy reduces maternal weight gain 
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in obese mothers without diabetes and reduces the risk 
of late miscarriage and preterm birth in women with 
PCOS.35 36 However, there is insufficient high-quality 
evidence confirming the safety and efficacy of metformin 
and other OHA on key maternal and infant health 
outcomes.3 12–15 For example, prenatal exposure to 
metformin compared with insulin or placebo in RCTs has 
been reported to be associated with increased offspring 
weight.37 38 Furthermore, there is concern about the long-
term metabolic health of children exposed to metformin 
and glibenclamide in utero.3 Hence, large-scale, long-
term safety studies are needed.

Strengths and limitations
The strengths of this drug utilization study are based on 
the use of a common protocol to collect similar data about 
ADM use in pregnancy from seven different countries. 
The Nordic data were population based and included 
all pregnancies and dispensations within the countries 
within the study period. The Australian NSW region data 
included pregnancies from all social security beneficia-
ries, and the privately and publicly insured health utiliza-
tion data from the US ensured representativeness of the 
total US population.

As data were collected from drug dispensations and 
healthcare utilization data, there is no participant recall 
bias on medication use during pregnancy. However, 
dispensation data do not capture actual consumption 
and adherence to the medication. Lastly, in our data, 
the indication was not recorded as part of the medica-
tion dispensation or reimbursement, and diagnoses of 
diabetes, PCOS and infertility had varying quality and 
completeness in the databases and registers resulting 
in under-ascertainment of diabetes diagnoses. Conse-
quently, ADM use patterns were created based on ADM 
dispensation patterns; however, it was reassuring that 
data on maternal characteristics were consistent with 
expectations for each use pattern.

Conclusions
In conclusion, from 2006 to 2016, ADM use in pregnancy 
increased and specifically OHA, including metformin in 
all countries and glibenclamide in the US. This increase 
can be attributed to the increase in the number of women 
with pregestational diabetes and GDM in pregnancy, the 
adoption of OHA in treatment guidelines for diabetes 
in pregnancy and expanding indications for the use of 
metformin in women of childbearing age. The number 
of women treated with ADM in pregnancy is expected 
to continue to increase and calls for additional large 
studies on the safety of OHA compared with insulin with 
regards to both short-term and long-term consequences 
for mothers and their children.
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