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Abstract

Background

The World Health Organisation (WHO) 2013 diagnostic criteria for gestational diabetes mel-
litus (GDM) has been criticised due to the limited evidence of benefits on pregnancy out-
comes in different populations when switching from previously higher glycemic thresholds to
the lower WHO-2013 diagnostic criteria. The aim of this study was to determine whether the
switch from previous Swedish (SWE-GDM) to the WHO-2013 GDM criteria in Sweden fol-
lowing risk factor-based screening improves pregnancy outcomes.

Methods and findings

A stepped wedge cluster randomised trial was performed between January 1 and December
31,2018 in 11 clusters (17 delivery units) across Sweden, including all pregnancies under
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care and excluding preexisting diabetes, gastric bypass surgery, or multifetal pregnancies
from the analysis.

After implementation of uniform clinical and laboratory guidelines, a number of clusters
were randomised to intervention (switch to WHO-2013 GDM criteria) each month from Feb-
ruary to November 2018. The primary outcome was large for gestational age (LGA, defined
as birth weight >90th percentile). Other secondary and prespecified outcomes included
maternal and neonatal birth complications. Primary analysis was by modified intention to
treat (mITT), excluding 3 clusters that were randomised before study start but were unable
to implement the intervention. Prespecified subgroup analysis was undertaken among
those discordant for the definition of GDM. Multilevel mixed regression models were used to
compare outcome LGA between WHO-2013 and SWE-GDM groups adjusted for clusters,
time periods, and potential confounders. Multiple imputation was used for missing potential
confounding variables.

In the mITT analysis, 47 080 pregnancies were included with 6 882 (14.6%) oral glucose
tolerance tests (OGTTs) performed. The GDM prevalence increased from 595/22 797
(2.6%) to 1 591/24 283 (6.6%) after the intervention. In the mITT population, the switch was
associated with no change in primary outcome LGA (2 790/24 209 (11.5%) versus 2 584/22
707 (11.4%)) producing an adjusted risk ratio (aRR) of 0.97 (95% confidence interval 0.91 to
1.02, p=0.26).

In the subgroup, the prevalence of LGA was 273/956 (28.8%) before and 278/1 239
(22.5%) after the switch, aRR 0.87 (95% CI 0.75 to 1.01, p= 0.076). No serious events were
reported. Potential limitations of this trial are mainly due to the trial design, including failure
to adhere to guidelines within and between the clusters and influences of unidentified tem-
poral variations.

Conclusions

In this study, implementing the WHO-2013 criteria in Sweden with risk factor-based screen-
ing did not significantly reduce LGA prevalence defined as birth weight >90th percentile, in
the total population, or in the subgroup discordant for the definition of GDM. Future studies
are needed to evaluate the effects of treating different glucose thresholds during pregnancy
in different populations, with different screening strategies and clinical management guide-
lines, to optimise women’s and children’s health in the short and long term.

Trial registration
The trial is registered with ISRCTN (41918550).

Author summary

Why was this study done?

o The implementation of the World Health Organisation (WHO)-2013 diagnostic criteria
for gestational diabetes mellitus (GDM) have been challenged due to the limited evi-
dence of benefits on pregnancy outcomes in different populations by switching from
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former higher plasma glucose diagnostic cutoffs to the lower plasma glucose WHO-
2013 diagnostic criteria.

« Screening, laboratory methods, and diagnostic criteria for GDM vary throughout the
world and there is limited randomised controlled trial (RCT) evidence on the effects of
switching to WHO 2013 diagnostic criteria for GDM.

o The Swedish National Board of Health and Welfare introduced new guidelines for
GDM in 2015 and the aim was to evaluate if the switch in a real-world setting improved
pregnancy outcomes.

What did the researchers do and find?

« A stepped wedge randomised trial was performed during 2018 which included nearly
half of all pregnancies in Sweden that year (n = 47 080). Since risk factor screening was
used, analysis was conducted in all pregnancies (modified intention to treat (mITT)) as
well as in a subgroup affected by the switch.

o There was no reduction in the main outcome large for gestational age (LGA) (>90th
birth weight percentile) in the mITT population or in the subgroup of women affected
by the switch.

What do these findings mean?

o These findings indicate that the effect of treatment may differ using lower compared to
higher plasma glucose diagnostic cutoffs for GDM depending on whether risk factor
based screening or universal screening is used.

o The study findings highlight the importance of also reporting treatment effects on high
absolute birth weight besides the LGA 90th percentile, since absolute high birth weight
most likely results in associated adverse pregnancy outcomes.

o Limitations of this trial are mainly due to the trial design, including failure to adhere to
guidelines within and between the clusters and influences of unidentified temporal
variations.

« Future studies need to evaluate long-term effects on women’s and children’s health after
diagnosing and treating lower levels of hyperglycemia during pregnancy.

Introduction

Gestational diabetes mellitus (GDM) is the most common medical complication of pregnancy
with a growing prevalence globally, to a large extent due to the increase in overweight and obe-
sity [1]. Hyperglycemia during pregnancy is associated with complications for mother and
child during pregnancy and delivery, but also associated with raised risks of later type 2 diabe-
tes and cardiovascular disease for the mother. For the child, there is emerging evidence about
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risks for future obesity and associated comorbidity [2-4]. The clinical controversy about what
glycemic thresholds to diagnose and treat GDM relates to the balance between sufficient evi-
dence of health improvements in different populations and increased workload with associated
costs [5-7]. To progress towards a universal standard approach to GDM diagnosis, the World
Health Organisation (WHO) adopted the International Association of the Diabetes and Preg-
nancy Study Group’s diagnostic criteria in 2013 [1]. These WHO-2013 criteria, with an
increase in the number of women diagnosed [8], are based on risk for adverse pregnancy out-
comes, in contrast to older criteria relating to maternal risk of developing type 2 diabetes post-
partum. It has been unclear whether treatment using these WHO-2013 criteria improves
outcomes for the mother or the child. The few randomised trials evaluating the effect of GDM
treatment have been performed in different populations, with varying screening strategies and
comparing different diagnostic criteria for GDM [5-7].

In Sweden, screening for GDM has mostly been performed based on clinical risk factors
and repeated random plasma glucose measurements. Diagnostic criteria have been mainly
those of overt diabetes (fasting >7.0 mmol/L, 2-h value 8.9 to >11.1 mmol/L) [9], resulting in
a low prevalence of GDM compared with other countries [10]. In 2015, the Swedish National
Board of Health and Welfare adopted the WHO-2013 criteria. A national stepped wedge clus-
ter randomised controlled trial (SW-CRT) was considered a pragmatic approach to test
whether a reduction in adverse neonatal and/or maternal outcomes could be detected follow-
ing the implementation of the WHO-2013 criteria in Sweden in a real-world setting [9].

The primary aim of the Changing Diagnostic Criteria for Gestational Diabetes (CDC4G)
trial was to evaluate whether implementation of the WHO-2013 criteria leads to a reduction in
large for gestational age (LGA, 90th percentile) infants, and the secondary aim was to evaluate
possible reduction of other adverse neonatal and maternal outcomes.

Methods

This study is reported as per the Consolidated Standards of Reporting Trials extension for
SW-CRT (S1 CONSORT Checklist) [11]. The details of the trial methodology are described in
original ethics project plan (S1 Appendix), study protocol paper as well as in published SAP
with corrections (52 Appendix) [12]).

Study design and participants

The CDCAG trial was a national prospective, unblinded, open SW-CRT with concealed alloca-
tion of the switch from the former Swedish GDM criteria (SWE-GDM criteria) to the WHO-
2013 criteria during 2018. Eleven clusters were defined from the 17 participating Swedish
delivery units. Delivery units in Stockholm were considered as 1 cluster since guidelines; sur-
veillance, diagnosis, and treatment of GDM were uniform and women might change caregiv-
ers (midwifes and delivery units) during pregnancy. Therefore, a woman could not be
identified as belonging to just 1 delivery unit, as described in S1 Table. During the preparation
phase (September 1 to December 31, 2017), all clusters agreed to shift to a uniform approach
to GDM management, including venous oral glucose tolerance test (OGTT) blood sampling,
obstetric surveillance, and GDM treatment [13].

All clusters agreed not to change screening methods (52 Table) or clinical management
guidelines (S3-S5 Tables) during the trial period. All women under the care of a participating
clinic during the trial period were included. Predefined exclusion criteria according to the sta-
tistical analysis plan (SAP S2 Appendix) [12] were: clusters that did not adhere to the trial pro-
tocol procedures and women not eligible for OGTT such as preexisting diabetes and previous
gastric bypass surgery (OGTT contraindicated). Multifetal pregnancies were excluded because
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fetal growth and pregnancy complications are not comparable to singleton pregnancies. The
study period was from January 1, 2018 to December 31, 2018 and the OGTT date or gesta-
tional week 28+0 (i.e., before or after the planned intervention date) determined which period
each woman was allocated to (S6 Table) with last birth in August 2019.

The primary analysis was performed according to the intention-to-treat principle, consist-
ing of all eligible pregnancies in the randomised clusters. The intention to treat (ITT) popula-
tion defined in the SAP is labelled as the modified intention to treat (mITT) population in this
manuscript and includes only the centres that fulfilled the eligibility criteria (introducing
venous OGTT for diagnosis of GDM) [14]. The results for the complete ITT population were
calculated, including all clusters across Sweden who agreed to participate in the CDC4G trial
(S16-S18 Tables). The same analyses were performed in a prespecified subgroup of pregnan-
cies that would have been untreated before randomisation and treated after the switch based
on the fasting and 2-h plasma glucose cut off values; i.e., discordant for definition of GDM.
The glucose values were between SWE-GDM and WHO-2013 criteria: fasting plasma glucose
5.1 to 6.9 and/or 2-h plasma glucose 8.5-8.8/8.9/9.9 mmol/L according to definitions in S2
Table. One-hour values were not recorded before the switch due to laboratory and clinical reg-
ulatory issues making it impossible to blind the 1-h value in clinical practice for patients and
caregivers. The modified per-protocol population (mPP) consists of all pregnancies in the ran-
domised clusters having commenced the trial until exclusion due to protocol violation.

The trial was approved by the Uppsala-Orebro regional Ethical Review Board (2016/487)
and by the Swedish Ethical Review Authority (2019/02148, 2020/02856, 2021/02055, 2021-
03405). The Uppsala-Orebro regional Ethical Review Board agreed that individual patient con-
sent was not required. According to Swedish law, women always have the right to change clin-
ics, refuse any aspect of medical care, and opt out of the Swedish Pregnancy Register.

Randomisation and masking

A cluster randomisation of allocation ratio of 1:1 stratified by centre size in 2 strata by size was
conducted. The 2 largest trial clusters (Gothenburg and Stockholm) were paired in 1 stratum
and randomised to change GDM criteria in June and August of 2018, respectively. The second
stratum comprised the remaining 9 clusters randomised to the intervention (WHO-2013 crite-
ria), 1 cluster each month (period), from February to July and September to November 2018
(Fig 1). The randomisation allocation was performed using computer-generated random allo-
cation sequences provided by the trial statistician. The randomisation was performed in
November 2017 and masked from the participating clusters and steering group until 2 months
prior to the start of intervention for each cluster. Two months were the estimated preparation
time needed for each cluster before switching.

Procedures

While the SWE-GDM criteria consistently used fasting plasma glucose criterion of >7.0
mmol/L, the 2-h plasma glucose threshold varied between 8.9 and 11.1 mmol/L across clusters,
as described in S2 Table. The switch included moving from two-point fasting and 2-h to a
three-point venous OGTT with fasting plasma glucose, 1-h and/or 2-h diagnostic thresholds of
>5.1, >10.0, and >8.5 mmol/L at cluster level (Fig 1). The screening method remained
unchanged (S2 Table).

The trial statistician provided information on the cluster randomisation date to the trial
coordinator, who in turn informed the relevant cluster principal investigator 2 months prior
to transition to the WHO-2013 criteria, to ensure complete cluster preparation before the date
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40 delivery units were assessed for eligibility
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Fig 1. Trial profile.
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of the switch. Checklists completed by local principal investigators assessed adherence to trial
protocol, GDM prevalence, and serious adverse events monthly.

Serious adverse events were defined as maternal death (death of mother included in the
trial during the trial period), severe maternal hypoglycemia (low plasma glucose levels result-
ing in cognitive impairment that requires assistance from another person to treat), and/or lac-
tic acidosis in metformin-treated women and were reported to the data and safety monitoring
board.

Data collection

Data were collected on all pregnancies in clinical care at the included clusters in the study
between 2017 and 2019 using national registers and electronic case report forms after the end
of the trial period. Data quality is described in supplementary S7 Table [9,13]. No exclusions
or inclusions were made at study start or during the data collection phase. Health and quality
registers provides standardised medical information on all pregnancies, with a coverage of
>95% [15]. Pregnancy outcome data from the Swedish pregnancy quality register is available
online for all clinics for health care quality surveillance. The Swedish National Board of Health
and Welfare completed merging of data using personal identification numbers after data col-
lection was completed. This was done after their review of ethical permission and according to
Swedish laws and regulations. The pseudonymised files containing data on pregnancies from
2017 to 2019 were received between June 20, 2022 and September 30, 2022 (delayed due to the
COVID pandemic). Data management and validity control for the data files was performed
thereafter. Exclusion for predefined criteria was carried out at the analysis stage after the SAP
was finalised.

The study cohort and predefined outcomes were described in the SAP published on Octo-
ber 28, 2022 with clarifications decided by the steering group January 27, 2023 and published
on May 12, 2023 at ISRCTN, which added 3 further exploratory outcome variables [12] (S2
Appendix). The study statistician received the data set with primary outcome on November
29,2022. Analysis of all outcomes was performed after the SAP was published, with the excep-
tion of the 3 exploratory variables that were added to the data set after October 28, 2022 and
analysed after correction of the SAP.

Outcomes

The primary outcome was LGA, defined as birth weight >90th percentile in the Swedish refer-
ence population according to Marsal and colleagues [16] corrected for gestational age and sex
[9,13]. All reported outcomes were predefined according to the SAP which was completed
before analysis [12]. Some changes were made to the secondary outcome measures after their
original description in ethics application (S1 Appendix). Final decisions on outcomes were
decided based on either the study protocol paper, core outcome set publication for GDM [17],
and/or outcomes reported in major studies in the research field for comparison reasons. Not
all outcomes in the SAP are included in this first paper but will be included in further papers.

Secondary neonatal outcomes

Neonatal outcomes included a composite measure created through investigator consensus and
was slightly differently defined from the protocol in the original ethical application but reflects
severe morbidity with valid variables from the registers used (respiratory distress (at least 4
hours’ respiratory support with supplemental oxygen, continuous positive airway pressure,
and/or intermittent positive pressure ventilation in the first 24 h after delivery), birth trauma
(spinal cord injury, peripheral nerve injury/brachial plexus, basal skull fracture or depressed
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skull fracture, clavicular fracture, long bone fracture including humerus, radius, ulna, femur,
tibia or fibula, cranial hemorrhage including subdural or intracerebral of any kind confirmed
by cranial ultrasound, computerised tomography scan, or magnetic resonance imaging), still-
birth (fetal death at >22 + 0 weeks’ gestation), death of a neonate (<28 day), and/or need for
therapeutic cooling). The individual components of the composite outcome are reported sepa-
rately. Other secondary neonatal outcomes included preterm birth (<37+0 weeks), small for
gestational age (birth weight <10th percentile according to Marsal and colleagues reference
population [16] corrected for gestational age and sex), 5 min Apgar score <4, metabolic acido-
sis (pH <7.05 and base excess >12 mmol/L in umbilical artery or pH <7.00 in umbilical
artery), admittance to neonatal intensive care unit (days) (>24 h), hypoxic ischaemic encepha-
lopathy II-III, meconium aspiration syndrome, mechanical ventilation, plasma glucose in
infants <2.6 mmol/L, hypoglycemia needing intravenous therapy.

Exploratory neonatal outcomes

Exploratory neonatal outcomes included macrosomia (>4 500 g), severe LGA (>2 standard
deviation (SD) [16]), severe small for gestational age (<2 SD [16]), birth length (cm), birth
weight (g), and gestational age (days).

Secondary maternal outcomes

Secondary maternal outcomes included a composite variable of adverse outcomes (shoulder
dystocia, perineal trauma (grades I1I and IV), and postpartum hemorrhage (>1 000 ml)). The
individual components of the composite outcomes are reported separately. Other maternal
outcomes included GDM treatment during pregnancy (diet, metformin, insulin), gestational
hypertension (new-onset blood pressure >140/90 mmHg, measured twice with at least 4-h
interval, after gestational week 20), preeclampsia (gestational hypertension combined with
new-onset significant proteinuria after gestational week 20), gestational weight gain, cesarean
section (elective, emergency), instrumental delivery, induction of labour, breastfeeding at dis-
charge, self-reported health during and after pregnancy (very good, good, neither good nor
bad, bad, very bad), and satisfaction with childbirth measured at discharge (1 indicates worst
experience and 10 best experience) [18].

Exploratory maternal outcome

Maternal death (up to 42 days after delivery with deaths due to accidents excluded).

Sample size and statistical analysis

In the sample size calculation for the main LGA outcome, 11 clusters were planned with an
assumed intracluster correlation of 0.0026. A minimum sample size of 23 958 pregnant
women per trial group was estimated to have 90% statistical power to detect an absolute reduc-
tion in LGA by 1.5% on a population level (from 10.0 to 8.5%) at a 5% significance level [19].
With 80% power 35 112 pregnancies (17 556 in each group) would detect the same difference.
The intracluster correlation was estimated from the variation in LGA prevalence in the year
2012 between clusters, which varied from 7.7% to 13.3%.

The recommendations for analysis of SW-CRT were followed [20]. Binary outcomes,
including the primary outcome, were analysed using multilevel mixed Poisson regression with
robust standard errors to compare the WHO-2013 and SWE-GDM criteria groups with clus-
ters as a random factor and calendar time period (January to March, April to June, July to Sep-
tember, and October to December) as a fixed factor. Poisson regression gave relative risk

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1004420  July 8, 2024 8/23


https://doi.org/10.1371/journal.pmed.1004420

PLOS MEDICINE

Changing diagnostic criteria for GDM in Sweden

ratios (RRs) with 95% confidence intervals (Cls) as effect measures. Categorical outcomes with
more than 2 categories were analysed in the same way using mixed multinomial regression,
continuous outcomes using linear mixed regression, and count data outcomes using negative
binomial mixed regression. Adjustment was made for the potential confounding variables for
associations with LGA: maternal age, chronic hypertension, smoking habits and Swedish snuff
habits in early pregnancy, country of birth classified according to the International Diabetes
Federation Diabetes Atlas, and parity. Maternal age was modelled by linear, squared, and
cubic terms. Body mass index (BMI) was not adjusted for since screening for GDM was mainly
undertaken using BMI, and this was therefore considered to be an over adjustment. If the
regression did not converge due to a sparse number of outcomes, the potential confounding
variables were collapsed into fewer categories or restricted analysis was performed. “Not appli-
cable” was reported in the tables if the mixed model did not converge due to a limited number
of outcome events. Multiple imputation using chained equations was used to impute 10 data
sets for the missing potential confounding variables. All above explanatory variables together
with mother’s BMI at first visit, education level and clusters were used in the imputation
model. The STATA command mi estimate was used to adjust for variability between the 10
imputed data sets according to the combination rules of Rubin [21]. Due to large proportion
of missing outcome data for breastfeeding at discharge and self-reported health during and
after pregnancy, multiple imputation was also used for these outcomes as sensitivity analysis.

No corrections were made for multiple comparisons among the prespecified outcomes.

An independent statistician blinded to the studied groups used STATA release 17.0 for all
statistical analysis. The trial was registered with ISRCTN (41918550) including the SAP before
the analyses were started [12,13,22].

Results

Between January 1 and December 31, 2018, 17 delivery units (11 clusters, 58 383 pregnancies)
across Sweden agreed to participate in the CDCA4G trial (ITT population). Three clusters (clus-
ters 4, 5, and 9), constituting 11 303 (19.4%) pregnancies, were randomised but excluded
before intervention, as they inappropriately continued to use one-step universal capillary
OGTT results for screening, diagnosis, and treatment throughout the trial period and thus did
not introduce the defined intervention, resulting in the mITT that included 47 080 pregnan-
cies. One cluster (cluster 2), switched back to SWE-GDM diagnostic criteria during periods 6
to 12 due to an unmanageable workload, resulting in exclusion of 2 437 pregnancies. Another
83 pregnancies were excluded due to capillary OGTT sampling in other clusters. After these
exclusions, the modified per protocol population consisted of 44 643 pregnancies.

The mITT population included 24 283 pregnancies in the WHO-2013 criteria period and
22797 in the SWE-GDM criteria period (Fig 1 and detailed in S1 Fig). There were 6 882
OGTTs (14.6%) with 3 747 (15.4%) OGTTs using the WHO-2013 criteria and 3 135 (13.8%)
using the SWE-GDM criteria. In the mPP population, there were 21 886 pregnancies using the
WHO-2013 criteria and 22 757 using the SWE-GDM criteria. In the subgroup discordant for
definition of GDM, there were 1 239 pregnancies in the WHO-2013 group and 956 pregnan-
cies in the SWE-GDM group.

In the mITT population, the women in the WHO-2013 criteria group had higher BMI and
parity, were more likely to smoke, were less likely to be Swedish-born, and had a lower educa-
tion level compared to the SWE-GDM group (Table 1).

Women in the subgroup discordant for definition of GDM were younger, had lower preva-
lence of chronic hypertension, and were less likely to be Swedish-born, had lower education
level, and higher mean OGTT fasting, 1- and 2-h glucose values during the WHO-2013 criteria
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Table 1. Baseline characteristics of the modified ITT population and the subgroup discordant for definition of GDM*.

mITT population Subgroup discordant for definition of GDM*
SWE-GDM criteria WHO-2013 criteria SWE-GDM criteria WHO-2013 criteria
(n=22797) (n=24283) (n=956) (n=1239)

Maternal characteristics n n n n
Age at childbirth, years 22797 31.6 24 31.3 956 32.8 1239 32.8

(28-35) 283 (28-35) (29-36) (29-36)
Body height at first visit, cm 22079 166 23 495 166 933 166 1222 165

(162-170) (161-170) (162-170) (160-170)
Body weight at first visit, kg 21 655 66 66 922 86 1204 83

(59-75) 23 041 (59-75) (70-100) (69-98)
BMI at first visit, kg/m2 21591 23.7 23 041 23.9 922 30.9 1202 30.4

(21.5-27.0) (21.6-27.3) (25.6-35.9) (25.6-35.8)
Underweight (<18.5) 547 620 5 7

(2.5) (2.7) (0.5) (0.6)
Normal (18.5-24.9) 12705 13157 192 257

(58.8) (57.1) (20.8) (21.4)
Overweight (25.0-29.9) 5458 5908 212 300

(25.3) (25.6) (23.0) (25.0)
Obesity class I (30.0-34.9) 2039 2289 211 273

(9.4) (9.9) (22.9) (22.7)
Obesity class 1I (35.0-39.9) 620 760 219 254

(2.9) (3.3) (23.8) (21.1)
Obesity class III (>40.0) 222 307 83 111

(1.0) (1.3) (9.0) 9.2)
Parity’ 22797 24282 956 1239
0 9784 9889 304 370

(42.9) (40.7) (31.8) (30.0)
1 8537 9051 369 463

(37.4) (37.3) (38.6) (37.4)
2 3157 3590 180 235

(13.8) (14.8) (18.8) (19.0)
3 859 1114 54 112

(3.8) (4.6) (5.6) (9.0)
>4 463 638 49 59

(2.0) (2.6) (5.1) (4.8)
Chronic hypertension* 22797 182 24283 202 966 23 1239 17

0.7) 0.7) (2.4) (1.4)
Smoking at first visit 21 810 23139 937 1206
No 21094 22 309 880 1144

(96.7) (96.1) (94.9) (94.9)
1-9 cig/day 597 668 37 51

(2.7) (2.9) (4.0) (4.2)
>10 cig/day 119 162 10 11

(0.6) 0.7) (L.1) (0.9)
Swedish snuff at first visit 22741 191 24085 236 955 8 1232 18

(0.8) (1.0) (0.8) (1.5)
Country of birth® 22790 24 281 956 1239
Sweden 15592 16 444 588 670

(68.4) (67.7) (61.5) (54.1)
Europe except Sweden 2380 2459 98 129

(10.4) (10.1) (10.2) (10.4)
Middle East and North Africa 2261 2494 139 187

(9.9) (10.3) (14.5) (15.1)

(Continued)
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Table 1. (Continued)

mITT population Subgroup discordant for definition of GDM*
SWE-GDM criteria WHO-2013 criteria SWE-GDM criteria WHO-2013 criteria
(n=22797) (n=24283) (n=956) (n=1239)
North America and Caribbean 101 114 3 4
(0.4) (0.5) (0.3) (0.3)
South and Central America 303 288 14 16
(1.3) (1.2) (1.5) (1.3)
Africa 1256 1562 77 135
(5.5) (6.4) (8.0) (10.9)
South East Asia 290 318 18 54
(1.3) (1.3) (1.9) (4.4)
Western Pacific 607 602 19 44
(2.7) (2.5) (2.0) (3.5)
Highest education, years 21982 23512 921 1190
<9 (school education) 678 858 49 85
(3.1) (3.6) (5.3) (7.1)
9 (school education) 1231 1451 65 106
(5.6) (6.2) (7.1) (8.9)
10-11 (school education) 1530 1688 79 139
(7.0) (7.2) (8.6) (11.7)
12 (school education) 5171 5980 248 308
(23.5) (25.4) (26.9) (25.9)
<3 (college/university) 3455 3498 145 164
(15.7) (14.9) (15.7) (13.8)
>3 (college/university) 9678 9746 323 378
(44.0) (41.4) (35.1) (31.8)
Doctor/licentiate degree 239 291 12 10
(1.1) (1.2) (1.3) (0.8)
Plasma glucose in OGTT group, mmol/L, mean (SD)
Fasting 3085 5.0 3733 5.0 956 5.4 1239 5.5
(0.8) 0.7) (0.4) (0.5)
1-h 80 8.0 3042 8.2 21 7.8 1085 9.3
(2.1) (2.0) (1.4) (1.8)
2-h 3040 7.1 3659 7.0 945 7.1 1210 8.0
(2.0) (1.8) (1.3) (1.8)
HbA1lc in GDM group, mean (SD) 288 37.6 746 349 NA 637 34.5
(6.6) (5.1) (4.2)
Neonatal characteristics 22738 24227 951 1238
Boy 11 665 12 328 493 632
(51.3) (51.0) (51.8) (51.0)
Girl 11073 11 899 458 606
(48.7) (49.1) (48.2) (49.0)

Data are n (%) or median (IQR) unless stated otherwise.

*The cohort of women with fasting and 2-h plasma glucose cut off between the WHO-2013 and SWE-GDM criteria (fasting plasma glucose 5.1-6.9 and/or 2-h plasma
glucose 8.5-8.8/8.9/9.9 mmol/L), untreated before and treated after the switch.

"Number of previous deliveries; stillbirths or live births.

*Hypertension diagnosed before pregnancy or new onset hypertension with blood pressure >140/90 mmHg before gestational week 20.

SGrouped according to International Diabetes Federation Atlas except for having an extra category for Sweden.

BMI, body mass index; GDM, gestational diabetes mellitus; ITT, intention to treat; mITT, modified intention to treat; NA, not applicable; OGTT, oral glucose tolerance
test; SD, standard deviation; WHO, World Health Organisation.

https://doi.org/10.1371/journal.pmed.1004420.t001
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period (Table 1). In the SWE-GDM group, there were 994 (4.4%) pregnancies with missing
data for potential confounders and in the WHO-2013 group 1 146 (4.7%), as reported in S8
Table.

There were no serious adverse maternal events reported during the CDCA4G trial period.
Adherence to the trial protocol is detailed in S2 Fig.

The prevalence of GDM increased from 2.6% (595 of 22 797women) to 6.6% (1 591 of 24
283 women), producing an adjusted risk ratio (aRR) of 2.8 (95% CI 1.9 to 4.1, p < 0.001) fol-
lowing WHO-2013 criteria implementation in the mITT population. The prevalence of LGA
in the mITT population remained unchanged after the switch, 11.4% before and 11.5% after,
with aRR 0.97 (95% CI 0.91 to 1.02, p = 0.26), with no major heterogeneity between clusters
and calendar time periods (S9 Table). LGA could not be classified for 164 of 47 080 (0.35%)
neonates in the mITT population. Of the secondary neonatal outcomes in the mITT popula-
tion, there was an association with increased cranial hemorrhage, respiratory distress, mechan-
ical ventilation, and 5-min Apgar score <4 after the switch but a decreased risk in exploratory
outcomes including mean birth weight, mean birth length, mean gestational age, macrosomia
(>4 500 g), and LGA >2 SD [16] (Tables 2 and S10).

In the mITT, there were missing values for 168 neonates in the SWE-GDM group and for
152 in the WHO-2013 group. In the subgroup, there were missing values for 12 neonates in
the SWE-GDM group and for 4 in the WHO-2013 group.

For the other secondary maternal outcomes, there was a statistically significant reduced risk
for gestational weight gain, shoulder dystocia, and perineal trauma (grades III and IV) after
the switch in the mITT population (Table 3). The increased prevalence of GDM was associated
with significantly increased numbers receiving GDM treatment, but no change in induction of
labour. An inverse association with breastfeeding of infants at discharge was seen after the
switch (S11 Table).

In the subgroup discordant for definition of GDM, the LGA prevalence was 273/956
(28.8%) before and 278/1 239 (22.5%) after aRR 0.87 (95% CI 0.75 to 1.01, p = 0.076). LGA
data were missing for 11 of 2 195 (0.050%) pregnancies (Table 2). There was a statistically sig-
nificant decrease in the association with the neonatal composite outcome (15/956 (1.6%) com-
pared with 13/1 239 (1.0%); aRR 0.19 (95% CI 0.09 to 0.40, p < 0.001)) and an increase in
neonatal hypoglycemia (glucose <2.6 mmol/L), but with no increase in need for intravenous
therapy in neonates. There was a statistically significant decrease in the composite maternal
outcome in the subgroup (144/956 (15.1%) compared to 141/1 239 (11.4%); with aRR 0.78
(95% CI 0.64 to 0.94, p = 0.009)).

There were statistically significant decreases in the aRR for the exploratory outcomes:
macrosomia (>4 500 g), LGA >2 SD), and secondary maternal outcomes: maternal composite
postpartum hemorrhage, and in gestational weight gain (Tables 2 and 3). An increased risk for
preeclampsia and gestational hypertension risk was seen after implementing the WHO-2013
criteria (Table 3). The switch was associated with reduced breastfeeding at discharge in the sub-
group discordant for definition of GDM, which was also seen in the sensitivity analysis after
multiple imputation of missing outcome data. The statistically significant inverse association
with poorer self-reported health during pregnancy disappeared after imputation (S11 Table).

In the subgroup discordant for definition of GDM, the number needed to treat to avoid one
composite neonatal outcome was 79 (95% CI 70 to 106), to avoid one composite maternal out-
come 30 (95% CI 18 to 111), and to avoid one neonate born >4.5 kg 16 (95% CI 14 to 24) or
severe LGA 26 (95% CI 16 to 151).

In the mPP population, the neonatal composite outcome could not be calculated due to few
instances in the subgroup discordant for definition of GDM; otherwise, the results did not
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Table 2. Primary outcome and prespecified neonatal outcomes in the modified intention to treat population and subgroup discordant for definition of GDM*.

mITT population Subgroup discordant for definition of GDM*
SWE-GDM | WHO-2013 WHO-2013 vs. SWE-GDM SWE-GDM | WHO-2013 WHO-2013 vs. WE-GDM
criteria criteria Adjusted 1 Adjusted 2* criteria criteria Adjusted 11 Adjusted 2* RR
(n=22797) |(n=24283) RR RR (n=956) | (n=1239) Rg (95% CI) (95% CI)
(95% CI) (95% CI)
Primary outcome
Large for gestational age 2584 2790 0.96 0.97 273 278 0.83 0.87
(>90th percentile)*!'®! (11.4) (11.5) (0.92-1.01) (0.91-1.02) (28.8) (22.5) (0.71-0.97) (0.75-1.01)
P'=0.11 P*=0.26 P'=0.018 P*=0.076
Secondary neonatal outcome
Composite neonatal 288 365 1.14 1.18 15 13 0.18 0.19
outcome (1.3) (1.5) (0.99-1.31) (0.99-1.39) (1.6) (1.0) (0.08-0.38) (0.09-0.40)
P =0.062 P¥=0.050 P' < 0.001 P* < 0.001
Respiratory distress 148 202 1.43 1.51 6 6 NA NA
(0.65) (0.83) (1.11-1.84) (1.12-2.02) (0.63) (0.48)
P'=0.006 P*=0.006
Spinal cord injury 0 2 NA NA 0 0 NA NA
(0.00) (0.01) (0.00) (0.00)
Peripheral nerve/brachial 16 21 1.24 NA 1 2 NA NA
plexus injury (0.07) (0.09) (0.76-2.02) (0.10) (0.16)
P'=0.39
Basal/depressed skull fracture | 0 0 NA NA 0 0 NA NA
(0.0) (0.0) (0.0) (0.0)
Clavicular fracture 31 35 0.76 0.77 2 1 NA NA
(0.14) (0.14) (0.36-1.59) (0.36-1.66) (0.21) (0.08)
P' =047 P¥=0.51
Long bone fracture 3 0 NA NA 0 0 NA NA
(0.01) (0.00) (0.0) (0.0)
Cranial hemorrhage 37 54 1.65 1.71 1 0 NA NA
(0.16) (0.22) (1.241-2.18) (1.26-2.33) (0.10) (0.0)
P' < 0.001 P* < 0.001
Stillbirth (>22 gestational 69 83 0.76 0.76 5 1 NA NA
weeks) or neonatal death (day | (0.30) (0.34) (0.54-1.08) (0.55-1.06) (0.52) (0.08)
0-28) P'=0.13 PF=0.11
Need of therapeutic cooling 20 29 1.44 NA 0 4 NA NA
(0.09) (0.12) (0.40-5.13) (0.0) (0.32)
P'=0.58
Preterm birth (<37 weeks) 943 1144 1.07 1.08 39 76 1.18 1.26
(4.1) (4.7) (0.96-1.19) (0.96-1.22) (4.1) 6.1) (0.69-2.01) (0.72-2.22)
P'=023 P*=021 P'=0.54 P*=0.42
Small for gestational age 2525 2733 0.98 0.98 56 104 1.12 1.13
(<10th percentile)*!'*! (11.1) (11.3) (0.91-1.05) (0.90-1.06) (5.9) (8.4) (0.88-1.44) (0.81-1.57)
P'=0.52 P*=0.61 P'=035 P*=0.46
Exploratory neonatal
outcomes
Macrosomia (birth weight 679 658 0.78 0.79 86 48 0.31 0.32
>4 500 g)§ (3.0) (2.7) (0.71-0.85) (0.72-0.87) 9.1) (3.9) (0.19-0.53) (0.19-0.54)
P' < 0.001 P* < 0.001 P' < 0.001 P* < 0.001
Large for gestational age (>2 | 1019 1065 0.30 0.91 157 141 0.73 0.77
SD) stis] (4.5) (4.4) (0.83-0.99) (0.84-0.99) (16.6) (11.4) (0.57-0.93 (0.62-0.96)
P'=0.025 P¥=0.028 P"=0.009 P =0.020
Small for gestational age (<2 | 659 779 1.04 1.03 9 36 1.45 1.52
SD) sU'¢) (2.9) (32) (0.85-1.28) (0.82-1.29) (0.95) (2.9) (0.75-2.81) (0.71-3.27)
P'=0.67 P*=0.80 P'=0.27 P*=0.28
Birth weight (g)§ 3528 3512 =22 =21 3761 3572 (561) | -138 -125
(530) (543) (35 to —10) (=37 to -5) (552) (~186 to 90) (=174 to -76)
P' < 0.001 P*=0.012 P' < 0.001 P* < 0.001
(Continued)
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Table 2. (Continued)

mITT population Subgroup discordant for definition of GDM*
SWE-GDM | WHO-2013 WHO-2013 vs. SWE-GDM SWE-GDM | WHO-2013 WHO-2013 vs. WE-GDM
criteria criteria Adjusted 1 Adjusted 9% criteria criteria Adjusted 1t Adjusted 2*RR
(n=22797) |(n=24283) RR RR (n = 956) (n=1239) | RR(95% CI) (95% CI)
(95% CI) (95% CI)
Birth length (cm)* 50.3 50.2 -0.08 -0.06 50.9 50.3 -0.30 -0.31
(2.4) (2.5) (=0.13 to —0.04) | (—0.12 to —0.01) | (2.2) (2.4) (-0.48 to —0.12) | (~0.42 to —0.21)
P' < 0.001 P*=0.019 P"=0.001 P* < 0.001
Gestational age (days) 278.1 277.7 -0.47 -0.46 2774 274.8 -1.52 -1.60
(12.1) (12.7) (~0.62 to —0.33) | (-0.63t0 0.28) | (10.7) (11.1) (-2.36 to —0.68) | (~2.44 to —0.76)
P' < 0.001 P* < 0.001 P' < 0.001 P* < 0.001

Data are reported as n (%) or mean (SD).

*The cohort of women with fasting and 2-h plasma glucose cut off between the WHO-2013 criteria and SWE-GDM criteria (fasting plasma glucose 5.1-6.9 and/or 2-h
plasma glucose 8.5-8.8/8.9/9.9 mmol/L), untreated before and treated after the switch.

"Analysed with multilevel mixed model adjusted for centre as random factor and period (January-March, April-June, July-September, and October-December) as
fixed factor. Mixed Poisson model for binary outcomes (gives relative risk ratios as association measures), mixed multi-nominal for categorical outcomes (gives odds
ratios as association measures), mixed linear model for continuous outcomes (gives mean differences as association measures), and mixed negative binomial model for
count data (gives mean ratios as association measures).

*Adjusted for mother’s age modelled by a linear, squared, and cubic term, chronic hypertension, smoking, snuff, country of birth, and parity. Multiple imputation used
for missing data on potential confounding variables.

SIn the modified intention to treat population, there were missing values for 90 neonates in the SWE-GDM group and for 74 in the WHO-2013 group. In the subgroup,
there were missing values for 9 neonates in the SWE-GDM group and for 2 in the WHO-2013 group.

CI, confidence interval; GDM, gestational diabetes mellitus; mITT, modified intention to treat; NA, not applicable; NICU, neonatal intensive care unit; RR, relative risk

ratio; SD, standard deviation.

https://doi.org/10.1371/journal.pmed.1004420.t002

differ in significance between the mITT and mPP populations. Results for the mPP population
are detailed in S12-S15 Tables.

In the analysis of the ITT population with pregnancies from centres that were excluded
after randomisation due to protocol violation, number of pregnancies, and outcomes are
reported in S16-S18 Tables.

Discussion

In this SW-CRT of implementing the WHO-2013 diagnostic criteria in Sweden in a popula-
tion screened using risk factors and repeated random plasma glucose measurements, there was
a 2.5-fold increase in GDM diagnosis. The switch to the WHO-2013 criteria did not lead to a
decrease in the primary outcome, LGA (>90th percentile) or composite neonatal or maternal
outcomes in the mITT population. In the subgroup actually treated after the switch (based on
fasting and 2-h values in the OGTT), no significant reduction in LGA (>90th percentile) was
seen. However, there was a substantial reduction in the strength of the associations with both
neonatal and maternal composite outcome; although more neonates were identified with
hypoglycemia (glucose <2.6 mmol/L), without any associated increased need of intravenous
glucose therapy. In the mITT population, there were adverse neonatal outcomes (respiratory
distress, mechanical ventilation, cranial hemorrhage, and 5 minute Apgar score <4) that are
unlikely to be a result of implementation of the WHO-2013 criteria since the sample size of the
subgroup discordant for definition of GDM is small (only approximately 4% of the study pop-
ulation) and very few or no adverse outcomes were seen in the subgroup affected by the
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Table 3. Prespecified maternal outcomes in the modified intention to treat and in the subgroup discordant for definition of GDM.

mITT population Subgroup discordant for definition of GDM*
SWE-GDM WHO-2013 WHO-2013 vs. SWE-GDM SWE-GDM WHO-2013 WHO-2013 vs. SWE-GDM
Criteria criteria Adjusted 17 | Adjusted 2* criteria criteria Adjusted 1" | Adjusted 2*
(n=22797) (n=24283) | RR(95% CI) | RR (95% CI) (n = 956) (n=1239) | RR(95% CI)  RR (95% CI)
GDM prevalence 595 1591 2.8(1.9-4.2) | 2.8(1.9-4.1) |0 1239 NA NA
(2.6) (6.6) P’ <0.001 |P*<0.001 |(0.0) (100)
Composite maternal 2717 2727 0.95 0.96 144 141 0.75 0.78
outcome (11.9) (11.2) (0.89-1.02) | (0.91-1.02) | (15.1) (11.4) (0.59-0.95) | (0.64-0.94)
P'=0.15 P =0.17 P'=0.018 | P*=0.009
Shoulder dystocia 60 42 0.46 0.44 4 3 NA NA
(0.26) (0.17) (0.26-0.81) | (0.27-0.70) | (0.42) (0.24)
P'=0.007 | P*<0.001
Perineal trauma (11 and 522 502 0.78 0.78 18 23 0.84 NA
1V) (2.3) (2.1) (0.68-0.88) | (0.68-0.89) | (1.9) (1.9) (0.51-1.39)
P'<0.001 | P*<0.001 P'=0.51
Postpartum hemorrhage 2269 2280 0.99 1.00 128 122 0.74 0.77
(>1000 ml) 9.9) (9.4) (0.91-1.08) | (0.92-1.08) | (13.4) (9.8) (0.56-0.99) | (0.61-0.97)
P'=0.84 PF=0.95 P=70.044 | P*=0.029
Treatment during
pregnancy
Diet only 269 875 3.82 3.80 10 647 53.4 54.2
(1.2) (3.6) (2.58-5.68) | (2.56-5.63) | (1.0) (52.2) (26.7-107) (27.3-108)
P <0.001 |P*<0.001 P <0.001 | P*<0.001
Metformin only 204 454 2.06 2.01 0 360 NA NA
(0.9) (1.9) (1.32-3.20) | (1.29-3.14) | (0.0) (29.1)
P =0.001 | P*=0.002
Insulin only 37 76 1.48 1.46 0 59 NA NA
(0.16) (0.31) (0.99-2.19) | (1.01-2.11) | (0.0) (4.8)
P'=0.053 | P*=0.044
Metformin and insulin 109 200 2.06 1.96 0 166 NA NA
(0.48) (0.82) (1.16-3.66) | (1.10-3.51) | (0.0) (13.4)
P'=0013 | P*=0.022
Gestational hypertension® | 651 798 0.99 1.03 50 81 1.25 1.35
2.9) (3.3) (0.70-1.40) | (0.72-1.47) | (5.4) (6.6) (0.95-1.64) | (1.01-1.80)
P"=0.95 P¥=0.86 P =0.11 P =0.045
Preeclampsia’ 566 676 1.08 1.18 37 66 1.38 1.60
(2.5) (2.8) (0.87-1.34) | (0.92-1.49) | (3.9) (5.2) (1.02-1.85) | (1.14-2.24)
P"=0.50 PF=0.19 P =0.033 | P*=0.007
Gestational weight gain 12.14 12.14 -0.3 -0.3 11.2 9.4 -1.8 -1.6
(kg)** (5.6) (5.8) (0.4 to (-0.4 to (6.9) (6.6) (-2.6to (-2.4to
-0.2) -0.2) -1.0) -0.9)
P <0.001 |P*<0.001 P <0001 |P*<0.001
Cesarean section 4027 4244 1.02 1.02 255 318 0.95 0.92
(17.7) (17.5) (0.97-1.06) | (0.98-1.07) | (26.7) (25.7) (0.81-1.10) | (0.77-1.11)
P'=0.44 P =034 P'=0.49 P*=0.39
Emergency cesarean 2980 3075 1.02 1.01 187 220 091 0.90
section (13.1) (12.7) (0.95-1.09) | (0.93-1.09) | (19.6) (17.8) (0.73-1.13) | (0.70-1.16)
P'=0.60 P =081 P'=0.41 P*=0.41
Elective cesarean section 1047 1169 1.02 1.02 68 98 1.04 0.98
(4.6) (4.8) (0.91-1.14) | (0.92-1.14) | (7.1) (7.9) (0.70-1.55) | (0.62-1.53)
P'=073 P*=0.67 P'=0.85 P =0.92
(Continued)
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Table 3. (Continued)

mITT population Subgroup discordant for definition of GDM*
SWE-GDM WHO-2013 WHO-2013 vs. SWE-GDM SWE-GDM WHO-2013 WHO-2013 vs. SWE-GDM
Criteria criteria Adjusted 1 Adjusted 2% criteria criteria Adjusted 1t Adjusted 9%
(n=22797) (n=24283)  RR(95%CI) RR (95%CI)  (1=956) (n=1239)  RR(95% CI) RR (95% CI)
Instrumental delivery 1145 1225 0.97 0.97 31 46 1.06 1.08
(5.0) (5.0) (0.88-1.06) | (0.87-1.08) | (3.2) (3.7) (0.63-1.76) | (0.65-1.80)
P"=0.50 P¥=0.58 P'=0.84 P*=0.76

Data are n (%) or mean (SD).

*The cohort of women with fasting and 2-h plasma glucose cut off between the WHO-2013 criteria and SWE-GDM criteria (fasting plasma glucose 5.1-6.9 and/or 2-h
plasma glucose 8.5-8.8/8.9/9.9 mmol/L), untreated before and treated after the switch).

TAnalysed with multilevel mixed model adjusted for centre as random factor and period (January-March, April-June, July-September, and October-December) as
fixed factor. Mixed Poisson model for binary outcomes (gives relative risk ratios as association measures), mixed multi-nominal for categorical outcomes (gives odds
ratios as association measures), mixed linear model for continuous outcomes (gives mean differences as association measures), and mixed negative binomial model for
count data (gives mean ratios as association measures).

*Adjusted for mother’s age modelled by a linear, squared, and cubic term, chronic hypertension, smoking, snuff, country of birth, and parity. Multiple imputation used
for missing data on potential confounding variables.

$Blood pressure >140/90 mmHg, measured 2 times with at least 4-h interval after gestational week 20.

Women with chronic hypertension diagnosis were excluded.

IBlood pressure >140/90 mmHg and newly onset proteinuria >300 mg/24 h after gestational week 20.

**Adjusted for weight at first visit. In the mITT population, there were missing values for 1 715 women in the SWE-GDM group and for 2 203 in the WHO-2013 group.
In the subgroup, there were missing values for 136 women in the SWE-GDM group and for 129 in the WHO-2013 group.

CI, confidence interval; GDM, gestational diabetes mellitus; mITT, modified intention to treat; NA, not applicable; RR, relative risk ratio; SD, standard deviation.

https://doi.org/10.1371/journal.pmed.1004420.t003

intervention. The reduced risk for the exploratory outcomes macrosomia (>4.5 kg) and severe
LGA in both the mITT and subgroup populations are clinically important outcomes relevant
for decision-making. This reduction in birth weight is likely to be related to the benefits seen
in maternal composite outcome (severe hemorrhage, perineal trauma, and shoulder dystocia).
A decrease in breastfeeding at discharge was noted in both the mITT and the subgroup but
may be non-generalisable due to the high rate of missing values for this self-reported outcome
measure.

Two previous randomised controlled trials (RCT's) have studied the change from local
guidelines to the WHO-2013 GDM criteria [7,23]. The most comparable RCT to our trial, the
Gestational Diabetes Mellitus Trial of Diagnostic Detection Thresholds (GEMS), was con-
ducted in New Zealand with a two-step OGTT screening [24] and reported no reduction in
the primary outcome LGA in the total obstetric population but a reduction in their subgroup
[7]. Differences in growth standards, population characteristics, screening methods, former
diagnostic criteria, obstetric surveillance guidelines, and treatment targets make comparisons
between the trials difficult and probably explain differences in measured outcomes. In the
CDCAG trial, only women with risk factors for diabetes and high BMI were tested and treated,
which is one major factor probably explaining some differences in outcomes. Furthermore, in
the CDCAG trial, induction of labour was performed at 40+6 weeks’ gestation at the latest for
medically treated women and diet-treated women according to local guidelines up to 42+0
weeks’gestation, i.e., later than many other recommendations and guidelines [25].

Similar to the GEMS trial, we found an increased risk for neonatal hypoglycemia, likely due
to surveillance bias from routine neonatal plasma glucose monitoring in neonates as previ-
ously shown [7]. However, identifying and treating more neonates with hypoglycemia might
improve long-term neurocognitive outcomes [26].
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The rate of preeclampsia differed between the trials within the subgroups discordant for
definition of GDM, which was increased after the intervention in our trial but decreased in
the GEMS trial. The increase in preeclampsia in our trial might be explained by surveillance
bias but needs further evaluation. Furthermore, there were differences in breastfeeding rates
at discharge between the studies: routines for supplementary feeding [27] might partly
explain this difference. For example, in New Zealand, Dextrose gel was fully implemented
during the period when the GEMS study was conducted [28]. In Sweden, Dextrose gel was
recommended in the national guidelines for the first time in 2017 [29] and thus, not fully
implemented during the CDC4G study. In addition, given the high proportion of missing
values for self-reported breastfeeding in our study, these results should be treated with some
caution.

Strengths include this being to the best of our knowledge, the first SW-CRT evaluating
the WHO-2013 criteria enabling inclusion of approximately half of all deliveries in Sweden
during 2018 in a real-world scenario with comprehensive data collection through national
registries. The methodological complexities in the trial design included potential confound-
ing with time and clusters, which were adjusted for in the analysis. The risk of selection bias
is likely to be very low, as access to care is high (pregnancy care is free) and registers provided
standardised medical information on all pregnancies, with coverage of >95% [15]: this
makes the trial generalisable to a population screened by risk factors and also temporal
trends in outcomes and/or possible residual confounding could be identified. The robustness
of our data is further evident by the relatively unchanged risk after adjustments for various
maternal characteristics, but residual confounding cannot be ruled out entirely. Also, the
agreed treatment and surveillance guidelines that were implemented before starting, which
is a major strength. We were able to implement the venous plasma sampling method across
all the included clusters, and the Swedish national quality goals for glucose measurements
were followed at all sites except one, including the use of fluoride citrate tubes for laboratory
methods and quality assessment of patient near methods [30]. Even though 3 clusters were
excluded from analysis, the study had adequate statistical power. To the best of our knowl-
edge, this is the first major RCT of GDM criteria to use citrate to prevent ongoing glycolysis
during the OGTT sampling making the glucose values more stable than using, e.g., fluoride
alone [31].

Potential limitations of the trial are mainly due to the trial design. Although the planned
sample size was exceeded, the power calculation was based on the assumption of the number
of OGTTs generated by a universal one-step diagnostic approach [19].

We had to exclude 3 clusters (using one-step capillary OGTT screening) that were rando-
mised, that were not able to change to venous OGTT as defined by the study protocol during
the study period. This has however not introduced differential bias, since all pregnancies in all
these clusters were excluded and no pregnancy from these centres was included in the mITT
analysis [14]. Even though uniform treatment guidelines existed, it was impossible to control
compliance with treatment and management strategies entirely. For the subgroup analysis, no
comparison could be made based on the 1-h value, since the masking and introduction of a
1-h value in the OGTT was not possible to implement. As the duration of the study was only 1
year, we were unable to fully account for the seasonal variation which might include LGA and
glucose values [32,33]. There was also a risk of chance positive findings due to multiple testing
among the prespecified outcomes.

Concerns about implementing the WHO-2013 criteria have been raised previously [34],
including increased resources and costs. The economic consequences have been analysed
in conjunction with the CDC4G trial and will be reported separately. Whether the intro-
duction and treatment of the WHO-2013 criteria result in long-term health benefits for
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mother or child, needs to be evaluated in future follow-up studies in different populations
[2-4,35].

Diagnosis of GDM increases the likelihood that women will attend postpartum follow-up
programmes and may help to prevent future type 2 diabetes and cardiovascular disease.

The findings of the CDCA4G trial must be placed within the wider discoveries in GDM
research over the last 2 to 3 years. Like previous trials [7,36,37], the CDCA4G trial found no ben-
efit in reducing LGA defined as birth weight >90th percentile on a population level [16], but
we could show a reduced risk for macrosomia >4.5 kg and LGA +2 SD [16] in the total preg-
nant population that most likely leads to the reduction in perineal trauma and shoulder dysto-
cia. As with the GEMS study [7], a larger benefit occurred within the subgroup of women
treated based on WHO-2013 criteria. This raises the question of why we treat GDM: for the
benefit of the at-risk mother and baby or for the total obstetric population? Also, risk factor
and random plasma glucose screening, with its lower sensitivity, denies many women GDM
treatment [38,39] and the possibility to avoid adverse pregnancy outcomes. Beyond this, to the
best of our knowledge, the CDCA4G trial was the first to use citrate in a large trial for GDM,
suggesting that treatment was actually commenced at a threshold below the HAPO cutoffs
[31]. The implications of using more stable glucose sample handling, and other changes
beyond thresholds, also need to be considered in any future changes in approach to diagnosing
GDM. Finally, the recent findings of the TOBOGM study [40] suggest that new approaches to
GDM screening and treatment need to include early detection and higher thresholds than the
WHO-2013 criteria, since a raised risk for SGA was reported with treatment of lower levels of
hyperglycemia (those treated between cutoffs for OR 1.75 and OR 2.0 from the HAPO study)
[41] in early pregnancy in the TOBOGM study. With this new knowledge, it is obvious that
the current screening and diagnostic approaches need to be reviewed: this represents an excel-
lent opportunity for a coherent approach. We hope that this study, together with the other
major RCTs and new scientific evidence, will contribute to the process that the Swedish
National Board of Health and Welfare and other professional bodies in Sweden are working
on to make changes in both screening, definition, and treatment of hyperglycemia during
pregnancy. To date, to the best of our knowledge, no RCT has evaluated pregnancy outcomes
after the implementation of the WHO-2013 criteria in a setting where universal one-step 75 g
OGTT screening has been used. New technology and possible biological markers might be
helpful in simplifying screening procedures and working towards a more individual approach
in both identification and treatment of hyperglycemia during pregnancy for prevention of
adverse outcomes in both the short and long term for mother and child.

Implementing the WHO-2013 diagnostic criteria for GDM in a risk factor-based screening
setting did not reduce the risk of the primary outcome LGA (>90th percentile) in the total popu-
lation or the subgroup affected by treatment. However, there was an associated reduction in
adverse neonatal and maternal outcomes, with the largest effect in the subgroup of women whose
OGTT results were discordant between the old and new criteria for the definition of GDM.

Contributors

HB, SM, AM, and DS initially conceived and designed the study in collaboration with KB, HS,
KH, ES, CU, UBW, VS, FA, AKW, ESL, SJ, and MP. AM independently performed the statisti-
cal analysis and SP undertook the data management. MdB wrote the first draft with input
from HB. All co-authors contributed to trial implementation, discussion of the statistical ana-
Iytical plan, interpretation of data, and critically revised and contributed to the final version of
the manuscript. All authors had full access to all the data in the trial and had final responsibility
for the decision to submit for publication. Local principal investigators are listed in S19 Table.

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1004420  July 8, 2024 18/23


https://doi.org/10.1371/journal.pmed.1004420

PLOS MEDICINE

Changing diagnostic criteria for GDM in Sweden

HB is the guarantor for the study and affirms that the manuscript is an honest, accurate, and
transparent account of the study being reported; that no important aspects of the study have
been omitted; and that any discrepancies from the study as originally planned (and, if relevant,
registered) have been explained. The corresponding author attests that all listed authors meet
authorship criteria and that no others meeting the criteria have been omitted.

Patient and public involvement

There was no patient representative in the project group designing and performing the study.
Client organisations will be involved in communicating the findings of the study to the general
public.

Supporting information

S1 CONSORT Checklist. CONSORT checklist.
(PDF)

S1 Appendix. Research plan to ethics application.
(PDF)

$2 Appendix. Statistical analysis plan with corrections.
(PDF)

S1 Fig. Flow chart of the modified intention to treat population and subgroup discordant
for definition of GDM in the CDCA4G trial.
(EPS)

S2 Fig. Adherence to study protocol and checklists.
(EPS)

S1 Table. Intention to treat population in the CDC4G study according to cluster and num-
ber of births registered at delivery unit.
(PDF)

$2 Table. List of the CDC4G clusters, number of births, methods for screening, and diag-
nosing GDM.
(PDF)

$3 Table. Algorithm for starting (A), titration (B), maximum dose (C) for treatment (life-
style advice, metformin, and insulin) in the CDC4G trial.
(PDF)

$4 Table. Target plasma glucose during pharmacological treatment.
(PDF)

§5 Table. The minimal requirements on obstetric surveillance during 2018 for participat-
ing centres.
(PDF)

S6 Table. Pregnancies included in the CDC4G trial based on gestational week, OGTT
dates, and GDM status.
(PDF)

S7 Table. Coverage and certification level for data sources used in the CDC4G trial.
(PDF)

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1004420  July 8, 2024 19/23


http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1004420.s001
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1004420.s002
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1004420.s003
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1004420.s004
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1004420.s005
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1004420.s006
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1004420.s007
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1004420.s008
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1004420.s009
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1004420.s010
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1004420.s011
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1004420.s012
https://doi.org/10.1371/journal.pmed.1004420

PLOS MEDICINE

Changing diagnostic criteria for GDM in Sweden

S8 Table. Comparing baseline characteristics in pregnancies with missing vs. complete
potential confounding information by study groups in the modified intention to treat pop-
ulation.

(PDF)

S9 Table. Primary outcome in the modified intention to treat population and subgroup
discordant for definition of GDM by period and cluster.
(PDF)

$10 Table. Prespecified secondary neonatal outcomes in the modified intention to treat
population and subgroup discordant for definition of GDM.
(PDF)

S11 Table. Prespecified secondary maternal outcomes in the modified intention to treat
population and subgroup discordant for definition GDM.
(PDF)

$12 Table. Characteristics of the modified per protocol population and subgroup discor-
dant for definition of GDM.
(PDF)

$13 Table. Primary and prespecified neonatal outcomes in the modified per protocol pop-
ulation and subgroup discordant for definition of GDM.
(PDF)

S$14 Table. GDM prevalence, prespecified maternal outcomes in the modified per protocol
population and subgroup discordant for definition of GDM.
(PDF)

S15 Table. Primary outcome in the modified per protocol population and subgroup dis-
cordant for definition of GDM by period and cluster.
(PDF)

$16 Table. Characteristics of the intention to treat population.
(PDF)

$17 Table. Primary outcome and prespecified neonatal outcomes in the intention to treat
population.
(PDF)

$18 Table. Prespecified maternal outcomes in the intention to treat.
(PDF)

$19 Table. List of site principal investigators.
(PDF)

Acknowledgments

We thank all personnel who contributed to collecting data and helped with the implementa-
tion and performing the study at all contributing centres. We want to specially thank U Han-
son, A Ramnerd, I Nydahl, S Hogmark, A Esscher, L Rolthamre, C Ragnarsson, B Pettersson,
A-C Jonsson, A Storck, ] Andersson, A Carlsson, A-L Fransson, A-M Wangel, K Kristensen, H
Holmer, A Ahlsson, and S Brismar-Wendel. We are grateful for the support of the Swedish
Network for clinical studies in obstetrics and gynecology, SNAKS (www.snaks.se).

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1004420  July 8, 2024 20/23


http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1004420.s013
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1004420.s014
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1004420.s015
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1004420.s016
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1004420.s017
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1004420.s018
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1004420.s019
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1004420.s020
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1004420.s021
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1004420.s022
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1004420.s023
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1004420.s024
http://www.snaks.se/
https://doi.org/10.1371/journal.pmed.1004420

PLOS MEDICINE

Changing diagnostic criteria for GDM in Sweden

Author Contributions

Conceptualization: Scott Montgomery, David Simmons, Kerstin Berntorp, Stefan Jansson,
Ulla-Britt Wennerholm, Anna-Karin Wikstrom, Helen Strevens, Fredrik Ahlsson, Verena
Sengpiel, Erik Schwarcz, Elisabeth Storck-Lindholm, Carina Ursing, Karin Hildén, Helena
Backman.

Data curation: Snehal Patil, Kerstin Petersson, Helena Backman.
Formal analysis: Anders Magnuson, Scott Montgomery, Helena Backman.

Funding acquisition: Maryam de Brun, Kerstin Berntorp, Verena Sengpiel, Elisabeth Storck-
Lindholm, Helena Backman.

Investigation: Scott Montgomery, Snehal Patil, Ulla-Britt Wennerholm, Verena Sengpiel,
Helena Backman.

Methodology: Anders Magnuson, Scott Montgomery, David Simmons, Kerstin Berntorp, Ste-
fan Jansson, Ulla-Britt Wennerholm, Elisabeth Storck-Lindholm, Linda Ryen, Helena
Backman.

Project administration: Maryam de Brun, Scott Montgomery, Anna-Karin Wikstrém, Mar-
tina Persson, Helena Backman.

Resources: Scott Montgomery, Kerstin Berntorp, Helen Strevens, Fredrik Ahlsson, Verena
Sengpiel, Erik Schwarcz, Elisabeth Storck-Lindholm, Kerstin Petersson, Helena Backman.

Software: Anders Magnuson, Scott Montgomery, Snehal Patil.

Supervision: Scott Montgomery, David Simmons, Ulla-Britt Wennerholm, Erik Schwarcz, Eli-
sabeth Storck-Lindholm, Martina Persson, Helena Backman.

Validation: Scott Montgomery, Kerstin Berntorp, Fredrik Ahlsson, Kerstin Petersson, Helena
Backman.

Visualization: Maryam de Brun, Anders Magnuson, Ulla-Britt Wennerholm, Helena
Backman.

Writing - original draft: Maryam de Brun, David Simmons, Helena Backman.

Writing - review & editing: Maryam de Brun, Anders Magnuson, Scott Montgomery, Snehal
Patil, David Simmons, Kerstin Berntorp, Stefan Jansson, Ulla-Britt Wennerholm, Anna-
Karin Wikstrém, Helen Strevens, Fredrik Ahlsson, Verena Sengpiel, Erik Schwarcz, Elisa-
beth Storck-Lindholm, Martina Persson, Kerstin Petersson, Linda Ryen, Carina Ursing,
Karin Hildén, Helena Backman.

References

1. World Health Organization. Global report on diabetes. Geneva, Switzerland: World Health Organiza-
tion; 2016. 9789241565257.

2. Lowe WL, Scholtens DM, Kuang A, Linder B, Lawrence JM, Lebenthal Y, et al. Hyperglycemia and
adverse pregnancy outcome follow-up study (HAPO FUS): maternal gestational diabetes mellitus and
childhood glucose metabolism. Diabetes Care. 2019; 42(3):372-380. https://doi.org/10.2337/dc18-
1646 PMID: 30655380

3. Lowe WL, Scholtens DM, Lowe LP, Kuang A, Nodzenski M, Talbot O, et al. Association of gestational
diabetes with maternal disorders of glucose metabolism and childhood adiposity. JAMA. 2018; 320
(10):1005-1016. https://doi.org/10.1001/jama.2018.11628 PMID: 30208453

4. XieW,Wang, Xiao S, QiuL, YuY, Zhang Z. Association of gestational diabetes mellitus with overall
and type specific cardiovascular and cerebrovascular diseases: systematic review and meta-analysis.
BMJ. 2022: 378.

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1004420  July 8, 2024 21/23


https://doi.org/10.2337/dc18-1646
https://doi.org/10.2337/dc18-1646
http://www.ncbi.nlm.nih.gov/pubmed/30655380
https://doi.org/10.1001/jama.2018.11628
http://www.ncbi.nlm.nih.gov/pubmed/30208453
https://doi.org/10.1371/journal.pmed.1004420

PLOS MEDICINE

Changing diagnostic criteria for GDM in Sweden

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22,

23.

Crowther CA, Hiller JE, Moss JR, McPhee AJ, Jeffries WS, Robinson JS. Effect of treatment of gesta-
tional diabetes mellitus on pregnancy outcomes. NEJM. 2005; 352(24):2477-2486. https://doi.org/10.
1056/NEJM0a042973 PMID: 15951574

Landon MB, Spong CY, Thom E, Carpenter MW, Ramin SM, Casey B, et al. A multicenter, randomized
trial of treatment for mild gestational diabetes. NEJM. 2009; 361(14):1339—-1348. https://doi.org/10.
1056/NEJM0a0902430 PMID: 19797280

Crowther CA, Samuel D, McCowan LM, Edlin R, Tran T, McKinlay CJ. Lower versus higher glycemic
criteria for diagnosis of gestational diabetes. NEJM. 2022; 387(7):587-598. https://doi.org/10.1056/
NEJMoa2204091 PMID: 36070709

Saeedi M, Cao Y, Fadl H, Gustafson H, Simmons D. Increasing prevalence of Gestational Diabetes
Mellitus when implementing the IADPSG criteria: a systematic review and meta-analysis. DRCP. 2020.

Fadl H, Saeedi M, Montgomery S, Magnuson A, Schwarcz E, Berntorp K, et al. Changing diagnostic cri-
teria for gestational diabetes in Sweden-a stepped wedge national cluster randomised controlled trial-
the CDCA4G study protocol. BMC Pregnancy Childbirth. 2019; 19(1):398. https://doi.org/10.1186/
$12884-019-2547-5 PMID: 31675922

Ostlund I, Hanson U. Repeated random blood glucose measurements as universal screening test for
gestational diabetes mellitus. Acta Obstet Gynecol Scand. 2004; 83(1):46-51. https://doi.org/10.1111/j.
1600-0412.2004.00267.x PMID: 14678085

Hemming K, Taljaard M, McKenzie JE, Hooper R, Copas A, Thompson JA, et al. Reporting of stepped
wedge cluster randomised trials: extension of the CONSORT 2010 statement with explanation and
elaboration. BMJ. 2018:363.

Fadl H, de Brun M, Montgomery S, Simmons D, Berntorp K, Jansson S, et al. Changing diagnostic crite-
ria for gestational diabetes in Sweden—a stepped wedge national cluster randomised controlled trial—
the CDC4G SAP [Internet]. The International Traditional Medicine Clinical Trial Registry. 2022 [updated
2022 Dec 19; cited 2023 Nov 22]. https://www.isrctn.com/editorial/retrieveFile/cO9ba3dd7-1f81-4f7f-
bc65-57b6e518c33c/34479.

Fadl H. Impact on pregnancy outcomes when changing diagnostic criteria for gestational diabetes in
Sweden [Internet]. ISRCTN; 2017 [updated 2022 Dec 19; cited 2023 Dec 19]. https://doi.org/10.1186/
ISRCTN41918550

Kahan BC, White IR, Edwards M, Harhay MO. Using modified intention-to-treat as a principal stratum
estimator for failure to initiate treatment. Clinical Trials. 2023; 20(3):269-275. https://doi.org/10.1177/
17407745231160074 PMID: 36916466

Stephansson O, Petersson K, Bjérk C, Conner P, Wikstrém AK. The Swedish Pregnancy Register—for
quality of care improvement and research. Acta Obstet Gynecol Scand. 2018; 97(4):466—476. https:/
doi.org/10.1111/a0gs.13266 PMID: 29172245

Marsal K, Persson PH, Larsen T, Lilja H, Selbing A, Sultan B. Intrauterine growth curves based on ultra-
sonically estimated foetal weights. Acta Paediatr. 1996; 85(7):843-848. https://doi.org/10.1111/j.1651-
2227.1996.tb14164.x PMID: 8819552

Egan AM, Bogdanet D, Griffin TP, Kgosidialwa O, Cervar-Zivkovic M, Dempsey E, et al. A core outcome
set for studies of gestational diabetes mellitus prevention and treatment. Diabetologia. 2020; 63
(6):1120-1127. https://doi.org/10.1007/s00125-020-05123-6 PMID: 32193573

Viirman F, Hesselman S, Wikstrom AK, Skoog Svanberg A, Skalkidou A, Sundstrdom Poromaa |, et al.
Self-rated health before pregnancy and adverse birth outcomes in Sweden: A population-based register
study. Birth. 2021; 48(4):541-549. https://doi.org/10.1111/birt.12567 PMID: 34184771

Duran A, Saenz S, Torrejon MJ, Bordil E, Del Valle L, Galindo M, et al. Introduction of IADPSG criteria
for the screening and diagnosis of gestational diabetes mellitus results in improved pregnancy out-
comes at a lower cost in a large cohort of pregnant women: the St. Carlos Gestational Diabetes Study.
Diabetes Care. 2014; 37(9):2442—2450. https://doi.org/10.2337/dc14-0179 PMID: 24947793

Hemming K, Haines TP, Chilton PJ, Girling AJ, Lilford RJ. The stepped wedge cluster randomised trial:
rationale, design, analysis, and reporting. BMJ. 2015; 350. https://doi.org/10.1136/bmj.h391 PMID:
25662947

Little R, Rubin D. Multiple imputation for nonresponse in surveys. Wiley. 1987; 10:9780470316696.

Fadl H, de Brun M, Montgomery S, Simmons D, Berntorp K, Jansson S, et al. SAP CDC4G: Clarifica-
tions and corrections [Internet]. The International Traditional Medicine Clinical Trial Registry; 2022
[updated 2022 Dec 19; cited 2023 Nov 22]. https://www.isrctn.com/editorial/retrieveFile/cd6de813-
b0e4-44d7-a52a-05629942e61b/34479.

Basri NI, Mahdy ZA, Ahmad S, Abdul Karim AK, Shan LP, Abdul Manaf MR, et al. The World Health
Organization (WHO) versus The International Association of Diabetes and Pregnancy Study Group
(IADPSG) diagnostic criteria of gestational diabetes mellitus (GDM) and their associated maternal and

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1004420  July 8, 2024 22/23


https://doi.org/10.1056/NEJMoa042973
https://doi.org/10.1056/NEJMoa042973
http://www.ncbi.nlm.nih.gov/pubmed/15951574
https://doi.org/10.1056/NEJMoa0902430
https://doi.org/10.1056/NEJMoa0902430
http://www.ncbi.nlm.nih.gov/pubmed/19797280
https://doi.org/10.1056/NEJMoa2204091
https://doi.org/10.1056/NEJMoa2204091
http://www.ncbi.nlm.nih.gov/pubmed/36070709
https://doi.org/10.1186/s12884-019-2547-5
https://doi.org/10.1186/s12884-019-2547-5
http://www.ncbi.nlm.nih.gov/pubmed/31675922
https://doi.org/10.1111/j.1600-0412.2004.00267.x
https://doi.org/10.1111/j.1600-0412.2004.00267.x
http://www.ncbi.nlm.nih.gov/pubmed/14678085
https://www.isrctn.com/editorial/retrieveFile/c9ba3dd7-1f81-4f7f-bc65-57b6e518c33c/34479
https://www.isrctn.com/editorial/retrieveFile/c9ba3dd7-1f81-4f7f-bc65-57b6e518c33c/34479
https://doi.org/10.1186/ISRCTN41918550
https://doi.org/10.1186/ISRCTN41918550
https://doi.org/10.1177/17407745231160074
https://doi.org/10.1177/17407745231160074
http://www.ncbi.nlm.nih.gov/pubmed/36916466
https://doi.org/10.1111/aogs.13266
https://doi.org/10.1111/aogs.13266
http://www.ncbi.nlm.nih.gov/pubmed/29172245
https://doi.org/10.1111/j.1651-2227.1996.tb14164.x
https://doi.org/10.1111/j.1651-2227.1996.tb14164.x
http://www.ncbi.nlm.nih.gov/pubmed/8819552
https://doi.org/10.1007/s00125-020-05123-6
http://www.ncbi.nlm.nih.gov/pubmed/32193573
https://doi.org/10.1111/birt.12567
http://www.ncbi.nlm.nih.gov/pubmed/34184771
https://doi.org/10.2337/dc14-0179
http://www.ncbi.nlm.nih.gov/pubmed/24947793
https://doi.org/10.1136/bmj.h391
http://www.ncbi.nlm.nih.gov/pubmed/25662947
https://www.isrctn.com/editorial/retrieveFile/cd6de813-b0e4-44d7-a52a-05629942e61b/34479
https://www.isrctn.com/editorial/retrieveFile/cd6de813-b0e4-44d7-a52a-05629942e61b/34479
https://doi.org/10.1371/journal.pmed.1004420

PLOS MEDICINE

Changing diagnostic criteria for GDM in Sweden

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

neonatal outcomes. Horm Mol Biol Clin Invest. 2018; 34(1). Epub 2018/02/18. https://doi.org/10.1515/
hmbci-2017-0077 PMID: 29453924,

Ministry of Health. Screening, Diagnosis and Management of Gestational Diabetes in New Zealand: A
clinical practice guideline. Wellington: 2014. 0478444605.

Hod M, Kapur A, Sacks DA, Hadar E, Agarwal M, Di Renzo GC, et al. The International Federation of
Gynecology and Obstetrics (FIGO) Initiative on gestational diabetes mellitus: A pragmatic guide for
diagnosis, management, and care. Int J Gynecol Obstet. 2015; 131:5173-S211.

McKinlay CJ, Alsweiler JM, Anstice NS, Burakevych N, Chakraborty A, Chase JG, et al. Association of
neonatal glycemia with neurodevelopmental outcomes at 4.5 years. JAMA Pediatr. 2017; 171(10):972—
983. https://doi.org/10.1001/jamapediatrics.2017.1579 PMID: 28783802

McCoy MB, Heggie P. In-hospital formula feeding and breastfeeding duration. Pediatrics. 2020; 146(1).
https://doi.org/10.1542/peds.2019-2946 PMID: 32518168

Edwards T, Liu G, Battin M, Harris DL, Hegarty JE, Weston PJ, et al. Oral dextrose gel for the treatment
of hypoglycaemia in newborn infants. Cochrane Database Syst Rev. 2022:( 3). https://doi.org/10.1002/
14651858.CD011027.pub3 PMID: 35302645

Wackernagel D, Gustafsson A, Edstedt Bonamy AK, Reims A, Ahlsson F, Elfving M, et al. Swedish
national guideline for prevention and treatment of neonatal hypoglycaemia in newborn infants with ges-
tational age> 35 weeks. Acta Paediatr. 2020; 109(1):31—44.

Equalis. Swedish National Quality Goals for Measurement of Glucose. Guidance for the Laboratory.
Sweden: 2018.

Bruns DE, Metzger BE, Sacks DB. Diagnosis of gestational diabetes mellitus will be flawed until we can
measure glucose. 2020; 66(2):265-267.

Katsarou A, Claesson R, Ignell C, Shaat N, Berntorp K. Seasonal pattern in the diagnosis of gestational
diabetes mellitus in southern Sweden. J Diabetes Res. 2016. https://doi.org/10.1155/2016/8905474
PMID: 28105444

Meek CL, Devoy B, Simmons D, Patient C, Aiken AR, Murphy HR, et al. Seasonal variations in inci-
dence and maternal—fetal outcomes of gestational diabetes. Diabet Med. 2020; 37(4):674—-680.
https://doi.org/10.1111/dme.14236 PMID: 31955458

Bilous RW, Jacklin PB, Maresh MJ, Sacks DA. Resolving the Gestational Diabetes Diagnosis Conun-
drum: The Need for a Randomized Controlled Trial of Treatment. Diabetes Care. 2021; 44(4):858-864.
https://doi.org/10.2337/dc20-2941 PMID: 33741696

Magnusson A, Laivuori H, Loft A, Oldereid NB, Pinborg A, Petzold M, et al. The association between
high birth weight and long-term outcomes—implications for assisted reproductive technologies: a sys-
tematic review and meta-analysis. Front Med. 2021; 9:675775. https://doi.org/10.3389/fped.2021.
675775 PMID: 34249812

Hillier TA, Pedula KL, Ogasawara KK, Vesco KK, Oshiro CE, Lubarsky SL, et al. A pragmatic, random-
ized clinical trial of gestational diabetes screening. NEJM. 2021; 384(10):895-904. https://doi.org/10.
1056/NEJM0a2026028 PMID: 33704936

Davis EM, Abebe KZ, Simhan HN, Catalano P, Costacou T, Comer D, et al. Perinatal Outcomes of Two
Screening Strategies for Gestational Diabetes Mellitus: A Randomized Controlled Trial. Obstet Gyne-
col. 2021; 138(1):6—15. Epub 2021/07/15. https://doi.org/10.1097/A0G.0000000000004431 PMID:
34259458.

Saeedi M, Hanson U, Simmons D, Fadl H. Characteristics of different risk factors and fasting plasma
glucose for identifying GDM when using IADPSG criteria: a cross-sectional study. BMC Pregnancy
Childbirth. 2018; 18(1):225. hitps://doi.org/10.1186/s12884-018-1875-1 PMID: 29898685

Davidson KW, Barry MJ, Mangione CM, Cabana M, Caughey AB, Davis EM, et al. Screening for gesta-
tional diabetes: US preventive services task force recommendation statement. JAMA. 2021; 326
(6):531-538. https://doi.org/10.1001/jama.2021.11922 PMID: 34374716

Simmons D, Immanuel J, Hague WM, Teede H, Nolan CJ, Peek MJ, et al. Treatment of Gestational Dia-
betes Mellitus Diagnosed Early in Pregnancy. NEJM. 2023. https://doi.org/10.1056/NEJMoa2214956
PMID: 37144983

International Association of Diabetes and Pregnancy Study Groups Consensus Panel. International
association of diabetes and pregnancy study groups recommendations on the diagnosis and classifica-
tion of hyperglycemia in pregnancy. Diabetes Care. 2010; 33(3):676—682. https://doi.org/10.2337/dc09-
1848 PMID: 20190296

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1004420  July 8, 2024 23/23


https://doi.org/10.1515/hmbci-2017-0077
https://doi.org/10.1515/hmbci-2017-0077
http://www.ncbi.nlm.nih.gov/pubmed/29453924
https://doi.org/10.1001/jamapediatrics.2017.1579
http://www.ncbi.nlm.nih.gov/pubmed/28783802
https://doi.org/10.1542/peds.2019-2946
http://www.ncbi.nlm.nih.gov/pubmed/32518168
https://doi.org/10.1002/14651858.CD011027.pub3
https://doi.org/10.1002/14651858.CD011027.pub3
http://www.ncbi.nlm.nih.gov/pubmed/35302645
https://doi.org/10.1155/2016/8905474
http://www.ncbi.nlm.nih.gov/pubmed/28105444
https://doi.org/10.1111/dme.14236
http://www.ncbi.nlm.nih.gov/pubmed/31955458
https://doi.org/10.2337/dc20-2941
http://www.ncbi.nlm.nih.gov/pubmed/33741696
https://doi.org/10.3389/fped.2021.675775
https://doi.org/10.3389/fped.2021.675775
http://www.ncbi.nlm.nih.gov/pubmed/34249812
https://doi.org/10.1056/NEJMoa2026028
https://doi.org/10.1056/NEJMoa2026028
http://www.ncbi.nlm.nih.gov/pubmed/33704936
https://doi.org/10.1097/AOG.0000000000004431
http://www.ncbi.nlm.nih.gov/pubmed/34259458
https://doi.org/10.1186/s12884-018-1875-1
http://www.ncbi.nlm.nih.gov/pubmed/29898685
https://doi.org/10.1001/jama.2021.11922
http://www.ncbi.nlm.nih.gov/pubmed/34374716
https://doi.org/10.1056/NEJMoa2214956
http://www.ncbi.nlm.nih.gov/pubmed/37144983
https://doi.org/10.2337/dc09-1848
https://doi.org/10.2337/dc09-1848
http://www.ncbi.nlm.nih.gov/pubmed/20190296
https://doi.org/10.1371/journal.pmed.1004420

