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ABSTRACT
Objective  To develop and compare algorithms for 
identifying gestational diabetes mellitus (GDM) across 
European electronic healthcare databases and evaluate 
their impact on the estimated prevalence.
Design  Multi-national cohort study using routinely 
collected electronic healthcare data
Setting  National and regional databases in five European 
countries (Norway, Finland, Italy, Spain and France), in 
primary and/or secondary care.
Participants  Pregnancy cohorts resulting in stillbirths or 
live births between 2009 and 2020, comprising 602 897 
pregnancies in Norway, 507 904 in Finland, 374 009 in 
Italy, 193 495 in Spain and 116 762 in France.
Primary and secondary outcomes  The primary outcome 
was the prevalence of GDM identified using six algorithms: 
(1) Only diagnosis; (2) Diagnosis or prescription; (3) Two 
diagnoses or prescriptions (2DxRx); (4) Diagnosis including 
unspecified diabetes in pregnancy or prescription (DxRx 
broad); (5) Diagnosis excluding pre-existing diabetes in 
pregnancy or prescription; (6) Registration of GDM in a 
birth registry (BR).
Results  The strictest algorithm (2DxRx) resulted in the 
lowest GDM prevalence, while the broadest (DxRx broad) 
resulted in the highest, except in France where it was 
BR. In the Nordic countries, GDM prevalence varied only 
slightly by algorithm; greater variations were observed in 
other countries. The prevalence ranged from 3.5% (95% 
CI: 3.5% to 3.5%) to 4.6% (95% CI: 4.5% to 4.7%) in 
Norway; 12.1% (95% CI: 12.0% to 12.2%) to 15.8% (95% 
CI: 15.7% to 15.9%) in Finland, where prevalence was 
much higher than elsewhere. The prevalence ranged from 
1.3% (95% CI: 1.3% to 1.3%) to 5.4% (95% CI: 5.3% to 
5.5%) in Italy; 1.6% (95% CI: 1.5% to 1.7%) to 6.2% (95% 
CI: 6.1% to 6.3%) in Spain; and 1.7% (95% CI: 1.6% to 
1.8%) to 5.8% (95% CI: 5.7% to 5.9%) in France.
Conclusions  In this multinational study, GDM prevalence 
ranged from 1.3% to 15.8% depending on the algorithm 
and database. Nordic countries showed smaller 
differences in prevalence between algorithms, while the 

other countries showed larger variations, likely due to 
differences in coding practices, healthcare systems and 
database coverage.

INTRODUCTION
Gestational diabetes mellitus (GDM) is a 
pregnancy complication associated with 
an increased risk of adverse outcomes in 
mother and infant.1–3 In a systematic review 
and meta-analysis, the overall pooled GDM 
prevalence across 24 European countries 
was 10.9% (95% CI: 10.0% to 11.8%) during 
2014–2019. The pooled GDM prevalence 
was highest in Eastern Europe (31.5%, 
95% CI: 19.8% to 44.6%), intermediate in 
Southern Europe (12.3%, 95% CI: 10.9% to 

STRENGTH AND LIMITATIONS OF THIS STUDY
	⇒ A systematic component algorithm strategy to iden-
tify gestational diabetes mellitus (GDM) was applied 
in five European countries using harmonised data 
mapped to a common data model.

	⇒ Multiple algorithms—based on diagnostic codes, 
prescriptions and specific birth registry variables—
were used to estimate GDM prevalence, providing 
insights into how choices of algorithm components 
affect prevalence estimates.

	⇒ This approach enabled consistent identification and 
comparison of GDM prevalence across heteroge-
neous electronic healthcare databases covering 
1.8 million pregnancies.

	⇒ Laboratory test results and procedure codes were 
not available in most databases, limiting the com-
pleteness of GDM identification.

	⇒ The study was not a validation study, so algorithm 
performance could not be assessed using predictive 
values, sensitivity or specificity.
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13.9%) and Western Europe (10.7%, 95% CI: 9.5% to 
12.0%) and lowest in Northern Europe (8.9%, 95% CI: 
7.9% to 10.0%). However, there were considerable vari-
ations between countries within a region, particularly in 
Northern Europe, where the pooled GDM prevalence was 
4.6% (95% CI: 3.8% to 5.5%) in Norway and 18.4% (95% 
CI: 16.7% to 20.2%) in Finland.4 The variation in GDM 
prevalence is partly due to differences in disease occur-
rence as well as to other factors, such as use of different 
clinical definitions, diagnostic criteria and screening 
practices, variation in data sources and ascertainment 
methods for GDM.5 Advancing maternal age, along with 
other factors such as obesity, family history of diabetes, 
prior GDM and certain ethnic backgrounds, is known 
risk factors for GDM. Differences in these risk factors may 
contribute to variation in prevalence across populations.6

Historically, diabetes first diagnosed during pregnancy 
has been classified as GDM, and up until 2013, the WHO 
defined GDM as glucose intolerance with onset or first 
recognition in pregnancy without distinguishing between 
diabetes arising during pregnancy and unrecognised 
pre-existing diabetes.7 Since 2013, however, the WHO 
has made the distinction between diagnosis of diabetes 
mellitus in pregnancy and diagnosis of GDM, although 
diagnosis of GDM is based on fulfilment of the Inter-
national Association of Diabetes and Pregnancy Study 
Group criteria anytime in pregnancy.8 In contrast, the 
American Diabetes Association guideline from classifies 
GDM as ‘diabetes diagnosed in second or third trimester 
of pregnancy that was not clearly overt diabetes prior to 
gestation’,9 thus clearly stating the diagnostic criteria are 
not derived from women in first trimester. However, this 
highlights the controversy regarding the applicability of 
a diagnosis of GDM during early pregnancy.10 Conse-
quently, the use of either a narrow or broader classifica-
tion of GDM influences prevalence estimates. Regarding 
diagnostic criteria, the oral glucose tolerance test is 
considered the ‘gold standard’ for diagnosis of GDM, 
but the thresholds for blood glucose levels differ slightly 
across clinical guidelines, which may lead to minor differ-
ences in prevalence estimates.6 11 Screening for GDM is 
increasingly being implemented throughout Europe, 
substantially influencing the temporal trends in prev-
alence and contributing to variation between countries 
due to differing approaches. Universal screening identi-
fies more cases of GDM than risk-based screening or no 
screening, generating higher prevalence estimates.12 This 
highlights the need to consider calendar time, screening 
practices as well as other healthcare factors and popu-
lation characteristics when analysing variation in GDM 
prevalence.

In multinational studies based on electronic health 
records across Europe, identification of GDM in routinely 
collected health data is complicated by heterogeneous 
databases including different healthcare settings for data 
collection and coding. Therefore, a transparent and 
systematic approach is necessary when developing algo-
rithms to identify GDM in multinational studies, with 

possibilities to tailor them to the characteristics of a data-
base. A systematic approach is the component algorithm 
strategy, which is based on designing a set of standardised 
algorithms for the outcome, called components, which 
are defined in each database. The individual component 
algorithms are then combined into composite algorithms 
using logic combinations. Subsequently, the impact of 
composite algorithms on the occurrence of the outcome 
is estimated, thus providing evidence for evaluation.13–15 
The aim of this study was to use a systematic approach 
to develop algorithms to identify GDM in five European 
sources of routinely collected health data and compare 
the influence of the different composite algorithms on 
the estimated prevalence of GDM within and across 
databases.

METHODS
Data sources and study population
For this study, we defined pregnancy cohorts distrib-
uted in five data sources across five European coun-
tries, including routinely collected health data at a 
national level for Norway and Finland and at a regional 
level for Emilia-Romagna in Italy, Valencian Region in 
Spain and Haute-Garonne in France, from 2009/2010 
to 2018/2019/2020 depending on data availability. The 
data sources included information on maternal demo-
graphics, diagnoses recorded during inpatient or outpa-
tient hospital visits and filled or dispensed prescription 
medication. Norway and Finland also included informa-
tion on diagnoses recorded during primary care visits 
and specific information pertaining to the course of preg-
nancy and delivery from their birth registries (details of 
the data sources in online supplemental table S1). The 
data access providers (DAPs) extracted, transformed and 
loaded their local data into the ConcePTION common 
data model (CDM), described in detail elsewhere,16 and 
the formatted data were stored and analysed locally in 
accordance with General Data Protection Regulation. To 
identify pregnancies, each DAP applied the ConcePTION 
pregnancy algorithm described in detail elsewhere.17 In 
brief, the ConcePTION pregnancy algorithm identifies 
information on pregnancy markers from all locally avail-
able databases via four data streams. Afterwards, preg-
nancy records belonging to the same pregnancy episode 
are reconciled in a hierarchical manner where the most 
accurate information on pregnancy start date (the date 
of the first day of last menstrual period (LMP)), preg-
nancy end date (date of birth, miscarriage or termina-
tion) as well as type of pregnancy end (live or stillbirth, 
spontaneous or induced termination, ectopic pregnancy, 
unknown outcome of pregnancy or ongoing pregnancy 
(depending on availability in each DAP)) is retained 
according to a set of defined rules. Details on version 
and quality of pregnancy records for each DAP in online 
supplemental figure S1.

In this study, pregnancies with a gestational age of at 
least 20 completed weeks (depending on availability 

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

b
y g

u
est

 
o

n
 F

eb
ru

ary 9, 2026
 

h
ttp

://b
m

jo
p

en
.b

m
j.co

m
/

D
o

w
n

lo
ad

ed
 fro

m
 

5 O
cto

b
er 2025. 

10.1136/b
m

jo
p

en
-2025-102343 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

https://dx.doi.org/10.1136/bmjopen-2025-102343
https://dx.doi.org/10.1136/bmjopen-2025-102343
https://dx.doi.org/10.1136/bmjopen-2025-102343
http://bmjopen.bmj.com/


3Mølgaard-Nielsen D, et al. BMJ Open 2025;15:e102343. doi:10.1136/bmjopen-2025-102343

Open access

in each DAP) resulting in stillbirth or live birth among 
women 15–49 years of age were eligible for inclusion in 
the study population. We conducted the study in accor-
dance with the ethical standards of the Declaration of 
Helsinki and each DAP gained approval for data use from 
their relevant ethical and/or governance review boards 
(details in online supplemental table S2). The study was 
registered in the Heads of Medicines Agencies – Euro-
pean Medicines Agency (HMA-EMA) Catalogue of real-
world data studies as part of a main study protocol with 
the European Union Post-Authorisation Safety Studies 
(EU PASS) number 43409.

Patient and public involvement
Although we support the involvement of patients and 
the public, there was no funding available for such activi-
ties in this study. Therefore, no patients were involved in 
setting the research question, designing, conducting or 
interpreting the study.

Development of algorithms to identify GDM
Systematic review of studies validating GDM algorithms
We conducted a systematic literature review to iden-
tify validation studies of algorithms identifying GDM in 
electronic health data, resulting in eight studies for data 
extraction. Details of the search strategy and results of 
the systematic review of validation studies of GDM algo-
rithms in online supplemental materials (search terms in 
online supplemental table S3 and data extraction of vali-
dation studies in online supplemental table S4). In short, 
the extraction showed that most studies identified were 
from North America, including three from the USA18–20 
and four from Canada,21–24 and only one study was from 
France in Europe.25 Although most GDM algorithms 
based on International Classification of Disease (ICD) 9 
or 10 codes had a high positive predictive value (above 
70%), their performance in primarily North American 
settings was probably not directly transferable to a Euro-
pean setting, as the accuracy of diagnosis may vary across 
populations, time periods, healthcare systems, as well as 
how data is generated and coded. Nevertheless, useful 
knowledge was derived from these validation studies. 
The study by Andrade et al showed that many pregnant 
women with a diagnosis of GDM during pregnancy also 
had a diagnosis of pregestational diabetes in the 6-month 
period before and throughout pregnancy, suggesting 
that diabetes diagnosed in pregnancy may be termed and 
coded as GDM when it is not.18 Therefore, to increase 
the accuracy of GDM identification in healthcare data, 
it is necessary to exclude the diagnosis of pregestational 
diabetes.

Case definition of GDM in the study
A shared definition of GDM was adopted for this study, 
defining GDM as diabetes diagnosed in the second or 
third trimester of pregnancy to clearly distinguish it 
from pregestational diabetes mellitus. According to this 
definition, the diagnosis of GDM in the first trimester 

represents undiagnosed pre-existing diabetes mellitus as 
GDM develops later during pregnancy. Therefore, the 
timing of recording in relation to gestational age is an 
important factor that needs to be considered in the devel-
opment of GDM algorithms (for records of GDM without 
a specific date, the criterion of an exact time window was 
not achievable).

Creation of component and composite algorithms to identify GDM
We applied the component algorithm strategy, and a 
set of standardised algorithms for GDM was designed. 
A component algorithm includes three standard parts: 
(1) the healthcare setting of the data collection (eg, 
specialist or primary care), (2) the data domain included 
in the algorithm (eg, diagnoses, prescription medica-
tion, laboratory test results, medical procedure or data 
source specific variables) and (3) set of concepts that 
defines the list of codes used to identify the outcome in 
the data source (eg, diagnostic codes, Anatomical Ther-
apeutic Chemical (ATC) classification codes, procedure 
codes or additional concepts).15 For this study, informa-
tion from three data domains was used for the creation 
of the algorithm’s components including (1) diagnoses, 
(2) prescription medication and (3) data source specific 
variables from birth registries. Next, the concept sets were 
created for each of three data domains including (1) a list 
of medical concepts that can be defined as GDM as well as 
a list of medical concepts that can be defined as (preges-
tational) diabetes mellitus along with their diagnostic 
codes in different coding systems (ICD-10, ICD-10-ES and 
International Classification of Primary Care-2), (2) a list 
of medication concepts that can serve as a proxy for GDM 
or (pregestational) diabetes mellitus along with their 
ATC codes (see online supplemental table S5 for details) 
and (3) a list of additional concepts specific to each data 
source that can be defined as GDM (online supplemental 
table S6 for details). This resulted in eight component 
algorithms listed in online supplemental table S7.

The individual component algorithms were then 
combined into composite algorithms using logic combi-
nations of AND, OR and AND NOT that resulted in the 
creation of six different composite algorithms to iden-
tify GDM (table 1). Since the use of diagnostic codes to 
distinguish between GDM and diabetes mellitus is not 
sufficient, we used the following combination: a diag-
nosis of GDM in second or third trimester AND NO 
diagnosis of GDM in first trimester AND NO diagnosis 
of pregestational diabetes from 6 months prior to preg-
nancy through first trimester to be classified as GDM. As 
for medication codes, antidiabetic prescriptions can be 
used as a proxy to identify additional cases of GDM or 
diabetes mellitus (treated with medication), particularly 
in healthcare databases that do not capture primary care 
visits. However, since the indication for the prescription 
is usually not available, differentiation between GDM and 
diabetes mellitus is solely based on the timing of medica-
tion records in relation to the pregnancy. In our study, 
any antidiabetic medication in the second and third 
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trimester AND NO antidiabetic medication in 6 months 
prior to pregnancy and throughout the first trimester are 
used as proxy variables for GDM. Some healthcare data-
bases include other variables indicating a diagnosis of 
GDM, such as a registration of GDM in the Norwegian 
and Finnish birth registries, but do not include date of 
diagnosis.

Statistical analysis
The prevalence rates with 95% CIs were estimated for 
the different algorithms with the numerator changing 
according to the algorithm type and the denominator 
remaining constant. In additional analyses, the preva-
lences were stratified according to maternal age (divided 
into three categories 15–24, 25–34 and 35–49) and 
calendar year of pregnancy start (divided into three cate-
gories 2009–2012, 2013–2016 and 2017–2020). Stratifica-
tion by maternal age and calendar year was undertaken 
to account for known demographic and temporal trends 
in GDM prevalence, which may influence observed differ-
ences across populations and time periods.

Differences in prevalence were considered significant 
when the 95% CIs did not overlap. R V.4.4.0 (R Founda-
tion for Statistical Computing, Vienna, Austria) was used 
for all analyses, with centrally programmed study scripts 
distributed to the DAPs via a repository on ​Github.​com.26 
The DAPs ran the scripts locally on their ConcePTION 
CDM-formatted data and shared aggregated results via 
the secure remote Digital Research Environment.

RESULTS
For the nationwide data sources, a total of 602 897 births 
from Norway and 507 904 births from Finland were 
included in the study. For the regional data sources, a total 
of 374 009 births from Emilia-Romagna in Italy, 193 495 
births from the Valencian Region in Spain and 116 762 
births from Haute-Garonne in France were included in the 
study (online supplemental figure S2). The demographic 

characteristics of the pregnancy cohorts identified in the 
five databases are presented in table 2. Overall, the distri-
bution of pregnancies according to calendar years and 
maternal age was very similar across the data sources with 
a few exceptions: in the Nordic countries, the maternal 
age was younger, whereas the maternal age was older in 
the Southern European countries.

The algorithm 2DxRx (requiring two diagnostic codes 
for GDM or two prescriptions of antidiabetic medica-
tion), which is the strictest algorithm, resulted in the 
lowest GDM prevalence in all countries. The algorithm 
DxRx broad (requiring a diagnostic code for GDM or 
diagnosis of unspecified diabetes in pregnancy or a 
prescription of antidiabetic medication), which is the 
broadest algorithm, resulted in the highest GDM preva-
lence in all countries except for France where it was the 
algorithm BR (requiring a registration of GDM in a birth 
registry) (table 3). However, in the Nordic countries, the 
difference in the GDM prevalence varied only slightly 
(less than 25%) between the strictest algorithm and the 
broadest algorithm. In Norway, the GDM prevalence 
varied from 3.5% (95% CI: 3.5% to 3.5%) to 4.4% (95% 
CI: 4.5% to 4.7%). In Finland, the GDM prevalence, 
which was considerably higher than all other countries, 
varied from 12.1% (95% CI: 12.0% to 12.2%) to 15.8% 
(95% CI: 15.7% to 15.9%). In the Nordic countries, the 
algorithm BR generated a GDM prevalence of 3.9% (95% 
CI: 3.9% to 3.9%) in Norway, and 14.1% (95% CI: 14.0% 
to 14.2%) in Finland, which was midway between those 
generated by the stricter and the broader algorithms. In 
contrast, there was considerable variation in the GDM 
prevalence between the strictest and the broadest algo-
rithms for the other countries. Prevalences differed by a 
factor of three when the algorithm 2DxRx was compared 
with the algorithm DxRx broad and the algorithm BR for 
France. The GDM prevalences varied from 1.3% (95% CI: 
1.3% to 1.3%) to 5.4% (95% CI: 5.3% to 5.5%) in Emilia-
Romagna in Italy, from 1.6% (95% CI: 1.5% to 1.7%) to 

Table 2  Characteristics of the pregnancy cohorts distributed in the five data sources

Norway
No. (%)

Finland
No. (%)

Italy, Emilia-
Romagna
No. (%)

Spain, Valencian 
Region
No. (%)

France, Haute-
Garonne
No. (%)

Total number of 
pregnancies

602 897 (100) 507 904 (100) 374 009 (100) 193 495 (100) 116 762 (100)

Calendar year of pregnancy start

 � 2009–2012 223 705 (37.1) 237 033 (46.7) 146 254 (39.1) NA 42 630 (36.5)

 � 2013–2016 217 649 (36.1) 215 815 (42.5) 131 478 (35.2) 118 514 (61.2) 43 658 (37.4)

 � 2017–2020 161 543 (26.8) 55 056 (10.8) 96 277 (25.7) 74 981 (38.8) 30 474 (26.1)

Maternal age at pregnancy start

 � 15–24 98 988 (16.4) 99 377 (19.6) 37 428 (10.0) 22 253 (11.5) 18 268 (15.6)

 � 25–34 402 253 (66.7) 323 712 (63.7) 215 930 (57.7) 109 122 (56.4) 79 645 (68.2)

 � 35–49 101 656 (16.9) 84 815 (16.7) 120 651 (32.3) 62 120 (32.1) 18 849 (16.1)

NA, not assessed.
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6.2% (95% CI: 6.1% to 6.3%) in the Valencian Region 
in Spain and from 1.7% (95% CI: 1.6% to 1.8%) to 5.8% 
(95% CI: 5.7% to 5.9%) in Haute-Garonne in France.

For the prevalences stratified by calendar period, all 
algorithms yielded increasing GDM prevalence over 
time in all countries and showed the same pattern of 
the stricter algorithm 2DxRx and the broader algorithm 
DxRx broad (and the algorithm BR for France), resulting 
in the lowest and highest GDM prevalence over time 
(figure  1 and online supplemental table S8). In the 
Nordic countries, the prevalence roughly doubled over 
the period with the algorithm DxRx, whereas in Emilia-
Romagna, the GDM prevalence increased even more 
over the period. For the prevalence stratified by maternal 
age, all algorithms yielded increasing GDM prevalence 
with increasing maternal age in all countries and showed 

the same pattern of the stricter algorithm 2DxRx and the 
broader algorithm DxRx broad (and the algorithm BR for 
France) resulting in the lowest and highest GDM prev-
alence (figure  2 and online supplemental table S9). In 
Norway, the Valencian Region and Haute-Garonne, the 
GDM prevalence roughly tripled from the younger age 
group to the oldest age group with the algorithm DxRx. 
In Finland and in Emilia-Romagna, the GDM prevalence 
roughly doubled from the younger age group to the 
oldest age group with the algorithm DxRx.

DISCUSSION
This multinational study of approximately 1.8 million 
pregnancies evaluated six different algorithms to identify 
GDM in electronic healthcare databases in five European 

Figure 1  Prevalence of GDM stratified by calendar years at pregnancy start for each data source. Footnote: different scale on 
Y-axis for Finland. GDM, gestational diabetes mellitus.
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countries including Norway, Finland, Italy, Spain and 
France. The GDM prevalence ranged from 1.3% to 15.8%, 
depending on the algorithm and data source used. For 
each of the six algorithms, there were minor but signif-
icant differences in the GDM prevalence between the 
countries, except for Finland, where a much higher GDM 
prevalence was observed. Within each of the countries, 
there were differences in GDM prevalence between the 
strictest and the broadest algorithms, but in the Nordic 
countries, these differences were small, whereas in the 
Southern and Western European countries, they were 
remarkably larger.

In a recent systematic review and meta-analysis of 
studies reporting GDM prevalence in Europe, the 
country-specific pooled GDM prevalence was 4.6% 
(95% CI: 3.8% to 5.5%) in Norway based on 19 studies, 

18.4% (95% CI: 16.7% to 20.2%) in Finland based on 
22 studies, 14.5% (95% CI: 11.1% to 18.1%) in Italy 
based on 32 studies, 15.0% (95% CI: 11.0% to 19.4%) 
in Spain based on 17 studies and 8.0% (95% CI: 5.9% 
to 10.4)% in France based on 16 studies.4 Comparing 
to our results for Norway and Finland, the GDM preva-
lence derived from the six GDM algorithms is close to the 
pooled GDM prevalences reported for these countries. 
However, for Italy, Spain and France, the GDM preva-
lence derived from the six GDM algorithms was signifi-
cantly lower than the pooled GDM prevalence reported 
for these countries in the meta-analysis. These differences 
may be due to most studies in the meta-analysis of Italy, 
Spain and France being based on different types of data 
sources than in our study. Our data sources from Emilia-
Romagna, Valencian Region and Haute-Garonne did 

Figure 2  Prevalence of GDM stratified by maternal age at pregnancy start for each data source. Footnote: different scale on 
Y-axis for Finland. GDM, gestational diabetes mellitus.

P
ro

tected
 b

y co
p

yrig
h

t, in
clu

d
in

g
 fo

r u
ses related

 to
 text an

d
 d

ata m
in

in
g

, A
I train

in
g

, an
d

 sim
ilar tech

n
o

lo
g

ies.
 . 

b
y g

u
est

 
o

n
 F

eb
ru

ary 9, 2026
 

h
ttp

://b
m

jo
p

en
.b

m
j.co

m
/

D
o

w
n

lo
ad

ed
 fro

m
 

5 O
cto

b
er 2025. 

10.1136/b
m

jo
p

en
-2025-102343 o

n
 

B
M

J O
p

en
: first p

u
b

lish
ed

 as 

http://bmjopen.bmj.com/


9Mølgaard-Nielsen D, et al. BMJ Open 2025;15:e102343. doi:10.1136/bmjopen-2025-102343

Open access

not include diagnostic codes from primary care visits or 
outpatient hospital visits (except from emergency room 
visits for Emilia-Romagna), which may lead to the lower 
prevalence observed in our study. Although several of our 
algorithms included antidiabetic prescriptions as a proxy 
to capture GDM in primary care or outpatient hospital 
visits, most pregnant women control GDM with lifestyle 
modifications.27 28 In Italy, the GDM prevalence only 
increased from 4.5% (95% CI: 4.4% to 4.6%) with the 
algorithm Dx to 5.4% (95% CI: 5.3% to 5.5%) with the 
algorithm DxRx and in Spain from 5.4% (95% CI 5.3% 
to 5.5%) to 6.2% (95% CI: 6.1% to 6.3%), although it 
increased slightly more in France from 3.2 (95% CI: 3.1 
to 3.3) to 4.9 (95% CI 4.8 to 5.0). Therefore, adding this 
component to the GDM algorithms identified only a few 
additional cases of GDM, particularly for Spain and Italy. 
Furthermore, our study applied a narrow definition of 
GDM across all algorithms by only ascertaining records 
of GDM in second or third trimester of pregnancy, which 
may lead to a lower GDM prevalence. In addition, all our 
algorithms (except the algorithm BR in Norway, Finland 
and Haute-Garonne in France) required women not to 
have been diagnosed with pregestational diabetes in the 
6 months before LMP to exclude potential false-positive 
cases of GDM where diabetes mellitus during pregnancy 
had been labelled as GDM.18 However, this may result in 
lower GDM prevalence compared with studies that do not 
apply this exclusion criteria, for example, if observation 
time of the prepregnancy period is not available. Lastly, 
four of our algorithms (except the algorithm Dx and the 
algorithm BR) required women not to have a prescription 
for antidiabetic medication in the 6 months before LMP 
(ATC codes A10: Drug used in Diabetes). Although this 
component was intended as a proxy to capture (preges-
tational) diabetes mellitus in primary care or outpatient 
hospital visits, and thereby exclude potential false posi-
tive cases of GDM, it may be too restrictive. If the antidi-
abetic medication is prescribed off-label to women with 
non-diabetic diseases such as polycystic ovary syndrome 
(PCOS) or obesity, who are at increased risk of devel-
oping GDM, this may exclude potential true positive cases 
of GDM, resulting in lower prevalence. However, since 
our data only covers up to 2020, it can be assumed that 
among most women, antidiabetic prescriptions are used 
for treatment of diabetes in our study.

Screening practices for GDM varied across the five 
countries. Finland implemented universal screening in 
2008 that is, before the start of our study cohort, which 
likely contributed to its considerably higher observed 
GDM prevalence compared with all other countries. A 
Finnish study showed that the GDM prevalence quickly 
increased following the introduction of the new screening 
recommendations from 7.3% in 2006–2008 to 11.3% 
in 2010–2012.29 A similar comprehensive screening 
approach was first introduced in 2018 in Norway, that is, 
near the end of our study cohort, replacing the previous 
risk-factor based screening approach.30 31 In France and 
Italy, there has been a risk-based screening approach for 

GDM throughout our study period.32–34 These differences 
in screening practices explain some of the variation in 
GDM prevalence observed across countries.

In the Nordic countries, the differences in GDM prev-
alence between the strictest and the broadest algorithm 
were small, although the algorithm BR produced a GDM 
prevalence that was midway between those two. The regis-
tration of GDM in the birth registries is often considered 
the gold standard in Norway and Finland. A Norwegian 
study validating diabetes registration in the Medical Birth 
Registry in 1998 found a positive predictive value of 89% 
using medical records as reference standard.35 A recent 
Finnish study linking laboratory results from oral glucose 
tolerance tests to pregnant women in the Medical Birth 
Registry in 2009 indicates high accuracy of the GDM regis-
tration. Among 1234 pregnant women with abnormal 
plasma glucose levels corresponding to GDM (according 
to the Finnish guidelines), all had a registration of GDM 
in the Medical Birth Registry.36 In the Southern and 
Western European countries, the differences in GDM 
prevalence between the algorithms were remarkably 
larger due to the algorithm 2DxRx producing a very low 
GDM prevalence indicating that only a few women have 
two diagnoses of GDM (or prescription of antidiabetic 
medications) during pregnancy. In Emilia-Romagna and 
Valencian Region, this may be due to their databases only 
including diagnostic codes from inpatient hospital visits 
(except from emergency room visits for Emilia-Romagna) 
and most women being only admitted to the hospital 
once in connection with their birth.

The main strengths of this study are the uniform data 
assessment procedures in regions with good geograph-
ical spread in Europe, covering approximately 1.8 million 
pregnancies. This study has several limitations that should 
be acknowledged. One significant limitation is the lack of 
access to additional data domains, such as laboratory test 
results and procedure codes, which could aid in identi-
fying cases of GDM. In the ConcePTION CDM, labora-
tory results from oral glucose tolerance tests have been 
mapped to diagnosis of GDM but are only available in a few 
databases and with unknown completeness and therefore 
were not used for this study. In databases without GDM 
diagnoses from primary care visits, procedure codes for 
administration of an oral glucose tolerance test (without 
results) or procedure codes for diabetes management or 
counselling may be used as proxies to identify cases of 
GDM.18 However, due to the inherently low specificity 
of these codes for GDM identification, such algorithm 
components were not used for this study.

Future research on GDM prevalence should focus on 
addressing the regional discrepancies observed in this 
study by harmonising diagnostic criteria and improving 
coding practices across healthcare systems. Standard-
ising definitions and ensuring consistent data collection 
methods could help reduce variability and enhance the 
comparability of findings between countries. Addition-
ally, further exploration of how different algorithms 
influence the identification and characterisation of GDM 
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cases is warranted, particularly in regions where differ-
ences between narrow and broad algorithms are substan-
tial. Investigating the impact of these algorithms in GDM 
studies is essential for better understanding their implica-
tions in GDM research. Lastly, validation studies should 
be conducted to assess the performance and reliability 
of the GDM algorithms proposed in this study, ensuring 
their applicability and accuracy in diverse healthcare 
settings. Such efforts will contribute to more precise 
epidemiological insights and inform improved preven-
tion and management strategies in Europe.

In this multinational study, GDM prevalence varied 
widely, ranging from 1.3% to 15.8% depending on the 
algorithm and data sources employed. In Norway and 
Finland, prevalence rates were consistent with those 
found in previous meta-analyses, while lower rates were 
observed in Italy, Spain and France. The differences 
between the strictest and the broadest GDM algorithms 
were relatively modest in the Nordic countries but notably 
larger in Southern and Western Europe. These regional 
discrepancies likely stem from variations in coding prac-
tices, healthcare system structures including diagnostic 
criteria and screening practices, and the completeness of 
database coverage. To optimise future studies of GDM, 
we recommend selecting algorithms based on the study’s 
specific objectives, prioritising narrow algorithms when 
high specificity is essential and broader algorithms when 
high sensitivity is paramount.
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