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Plain English summary

Gestational diabetes mellitus (GDM) can happen in pregnancy when a woman cannot
control her blood sugar levels. If not properly controlled, GDM can be dangerous for
the mother and her baby. There is currently no population screening programme for
GDM in the UK. However, the UK National Institute for Health and Care Excellence
(NICE), recommends that women with risk factors are tested. Risk factors include
obesity and family history of diabetes. Women are tested for GDM using a blood
glucose test during pregnancy. Apart from NICE guidance, there are many different
recommendations on how GDM should be diagnosed. There is no agreement on the
best test.

This review looked to see if all pregnant women (not only those with risk factors)
should be screened for GDM in the UK. It aimed to find evidence on:

+ the risks of negative outcomes for the mother and baby that are related to
increases in the mother's blood sugar. These are increases that are not
high enough to cause a diagnosis of GDM according to the NICE test but
are still above normal

* the best screening tests to find women at risk of GDM in pregnancy

+ the best treatments for lowering blood sugar and stopping negative
outcomes in women with GDM found by screening.

The main findings from the review were:

1. Itis clear that increased blood sugar levels result in negative outcomes for the mother and
baby. However, it is not clear what the cut-off value should be for a screening test to

decide if a woman is 'at risk'.

2. There is no better test currently available than the glucose test used by NICE. This test is
not fully accurate and may be risky. This is because the pregnant woman is given a sugar

solution to drink when she might have poor blood sugar control.

3. The effects of treatments for GDM are unclear in women who have been found to be at

risk through a screening test.

Based on the findings, a population screening programme for GDM in the UK is not

recommended. This topic will be reviewed again in 3 years' time.
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Executive summary

Purpose of the review

This review was conducted to assess whether there is sufficient evidence to consider
introducing a population screening programme for gestational diabetes in pregnant
women.

Background

Gestational diabetes mellitus (GDM) is a condition characterised by elevated blood
glucose and insulin resistance that is first detected during pregnancy. In healthy
pregnancies, increased insulin resistance is a necessary physiological change that
facilitates adequate carbohydrate supply for the fetus. But in pregnant women with
GDM, hyperglycaemia and resistance to insulin is overly pronounced. GDM can
develop during any stage of pregnancy, but most commonly presents in the second or
third trimester.

GDM is diagnosed through assessment of maternal blood glucose levels, most often
by fasting plasma glucose (FPG), an oral glucose challenge test (GCT) or oral glucose
tolerance test (OGTT). However, there is an ongoing debate as to the specific type of
test that should be used and the threshold at which GDM should be diagnosed. There
is some agreement that the OGTT is the most appropriate test. However, there are
issues with its administration and use as a screening test, as it involves glucose
loading, which may be associated with side effects and could be harmful for women
with impaired glucose tolerance, i.e. those that the test would most likely be used in.
Agreement is less clear regarding the level of glucose in the loading solution (e.g. 75
g vs 100 g); length of time the test should be taken over (e.g. 1 vs 2 vs 3 hours); the
thresholds at different timepoints at which a woman is diagnosed with GDM; as well
as how many abnormal values should result in a GDM diagnosis. Due to the
heterogeneity of glucose intolerance definitions and thresholds, some women with
high glucose intolerance are not diagnosed with GDM.

Different recommendations for the tests and diagnostic thresholds are given by
different national and international organisations. This translates into heterogeneity in
studies of epidemiology and natural history of GDM, accuracy of screening tests and
efficacy of interventions used to treat GDM. For example, while it is generally
accepted that hyperglycaemia in pregnancy leads to adverse outcomes, the threshold
at which the risk becomes relevant (i.e. how the at-risk group of pregnant women is
defined) is unclear. Similarly, it is not known which test should be used to establish
that threshold. In a study that compared the cost-effectiveness of screening women
with and without risk factors for GDM, universal population screening (of all women
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regardless of risk factors) was not found to be cost-effective compared with no
screening or with risk-based screening.!

Once diagnosed with GDM, there exist effective treatments for GDM, including insulin,
diet management and increased exercise. However, these have so far been studied
in women tested for GDM due to having specific risk factors and it is unlear how
effective they would be in women otherwise low risk but diagnosed with GDM through
a population screening programme.

Focus of the review

This rapid review aimed to identify evidence published since the last UK NSC review,
(based on the HTA report searches which were conducted in 2009), in answer to the
following questions:

* Question 1: what are the risks of short and long-term adverse outcomes
associated with incremental increases in maternal blood glucose level in
the newborn?

« Question 2: what are the most effective screening tests or strategies to
identify women at risk of hyperglycaemia in pregnancy or GDM?

« Question 3: what is the most effective intervention for lowering glucose
levels in screen-detected pregnant women with GDM and preventing
adverse perinatal outcomes?

Recommendation under review

Based on the 2010 UK NSC review of the evidence, screening for GDM in pregnant
women is not currently recommended in the UK. However, women considered to be
at high risk of GDM (based on risk factors) undergo testing with a 2-hour 75 g OGTT,
based on guidance from NICE.?

Findings and gaps in the evidence of this review

The aim of question 1 was to identify associations between incremental increases in
glucose levels that are elevated from normal in a low risk population (i.e. those not
considered to be at risk of GDM according to NICE criteria or those treated for GDM)
and the risks of adverse pregnancy and neonatal outcomes. This would allow for the
characterisation of a 'low risk' population that may benefit from screening for GDM in
those who are not currently covered by the NICE recommendation. For this question,
moderate-to-high quality evidence for a wide number of pregnancy and neonatal
outcomes was identified. The evidence was judged to be broadly applicable to the UK
clinical setting. However, applicability to the review question was limited, as in most
studies, the population of mild hyperglycaemia overlapped with women considered to
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be at high risk of GDM, as covered by the NICE guideline. Although none of the
studies selected women for specific risk factors, only 2 studies limited inclusion to low
risk women with glucose thresholds indicative of mild hyperglycaemia who would not
be diagnosed with GDM by the NICE guideline thresholds.

The review identified clear associations from a large volume of evidence between any
elevated glucose and increased risk of several outcomes: C-section, induction of
labour, macrosomia and large for gestational age (LGA). Macrosomia and LGA were
also significantly increased in women who would not currently be identified as at risk
by the NICE guideline, but neither C-section nor induction of labour was reported by
either study investigating low risk women. Furthermore, a clear glucose threshold for
increased risk could not be identified for any outcome, mostly due to the limited
evidence on single thresholds. This is supported by the finding from previously
published work that there is a continuum of risk across increasing glucose levels and
no clear cut-off point.3*> On this basis, Criterion 1 was judged to be not met.

For question 2, despite the considerable size and reasonable quality of the evidence
base, no screening test without glucose loading/challenge (with OGTT as the
diagnostic reference standard) was found to be superior to using OGTT as a
screening test on its own. In other words, none of the studies found a screening
strategy that achieved test accuracies where both specificity and sensitivity were high
enough to consider the test reliable and able to replace the current test used by NICE
(2-hour 75 g OGTT), which involves glucose loading and therefore poses some risk of
harm to women who are already suspected to be at risk of glucose intolerance. Using
any of those strategies and only applying OGTT in screen-positive women would
likely miss a considerable proportion of GDM (at a high threshold) or result in most
women having to undergo OGTT anyway (at a lower threshold). Therefore, the best
currently available test is the diagnostic OGTT test. This has drawbacks of
uncertainty, because no better diagnostic test is available to compare against as a
reference standard and women with GDM do not always show symptoms to make
clinical diagnosis reliable. The OGTT test also carries a risk of harm of glucose
loading and the consequences of using it in all pregnant women (including these at
low risk) are unknown. Given the uncertainty around the accuracy and acceptability of
the OGTT test (if used for screening) and lack of a better test, criterion 4 was judged
to be not met.

For question 3, the aim was to identify the efficacy of interventions — compared with
other interventions, no treatment or usual care — for lowering glucose levels and
preventing adverse outcomes in pregnant women with screen-detected GDM (i.e.
from a low-risk population that would not be identified by the current NICE pathway).
However, due to unclear reporting on how GDM was detected, studies with
populations with any GDM were included, in order to avoid limiting the available
evidence. For populations with any GDM (i.e. not just screen-detected), there was a
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moderate-to-high quality evidence base from 4 systematic literature reviews (SLRs;

including 26 randomised controlled trials [RCTs]) and 8 RCTs in women with GDM
treated with insulin, glibenclamide/glyburide, metformin or lifestyle interventions, such
as diet or exercise. However, evidence was lacking in 2 key areas:

1) Comparison of interventions with placebo or usual care to allow evaluation of
the benefit in treatment versus no treatment — the only comparisons were
glybenclamide vs placebo in one RCT and lifestyle intervention vs usual care in
4 RCTs and 2 SLRs.

2) Studies including populations with screen-detected GDM to allow evaluation of
the impact of treatment in a specific population where treatment is initiated in
an early phase of the condition after identification by screening — only one RCT
specified that GDM was screen-detected.

In the study comparing glibenclamide with placebo there was no evidence that
treatment with glibenclamide significantly improved maternal or neonatal outcomes. In
the studies comparing lifestyle interventions with usual care results were inconsistent.
The only outcome for which risk was conclusively lower for dietary modification was
pre-eclampsia, but this was only reported by 1 study. Risk was reported as lower with
dietery modification for other outcomes including C-section, macrosomia, LGA,
neonatal hypoglycaemia and shoulder dystocia by some studies, but in each case
there was at least one other study that found no significant difference between dietary
modification and usual care. Furthermore, in the one RCT that specified that GDM
was screen-detected, there was no significant difference in any reported outcome
(pre-eclampsia; gestational hypertension; C-section; LGA or neonatal intensive care
unit [NICU] admission) between nutritional counselling and usual care. There is no
certain evidence for the benefit of treating low-risk women with screen-detected GDM
and therefore, criterion 9 was judged to be not met.

GDM and hyperglycaemia are important health problems. However, it is unclear
whether benefits of treatment would outweigh the harms in low-risk women, if
universal screening for GDM were to be introduced. This is because of uncertainties
around the thresholds at which women should be considered at risk; the lack of a safe

Page 9



UK NSC external review — Screening for Gestational Diabetes

and practical test or lack of data supporting the use of OGTT as a screening test; and
lack of data supporting benefits from currently available interventions in
screendetected women.

Recommendations on screening

Based on the evidence identified in this review, population screening for GDM is still
not recommended. However, NICE guidelines should still be adhered to for women at
high risk.

Limitations
Methodological limitations included limiting the searches to only including

peerreviewed, English-language journal articles. The titles, abstracts and full texts
were screened by 1 reviewer, with a second reviewer verifying all included, 10% of

excluded decisions and any articles where there was uncertainty about their inclusion.

Evidence uncertainties

For question 1, evidence is lacking on the risk of adverse outcomes and the threshold
at which these risks become significant for women who are currently not being tested
for GDM in the UK — but who may have mild hyperglycaemia. In other words, it is
unclear what is the population that should be defined as screen-positive if screening
were to be introduced.

For question 2, the evidence indicates that no screening tests are superior to the
currently used diagnostic test, the OGTT. The harms, especially to pregnant women
who may have impaired glucose tolerance, as well as the acceptability of OGTT, are
unclear.

For question 3, it is uncertain whether the conclusions of studies in women
with clinically detected GDM also apply to women with screen-detected GDM.

Screening for Gestational Diabetes
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Introduction and approach

Background

Clinical burden of disease

Gestational diabetes mellitus (GDM) is a condition characterised by elevated blood
glucose and insulin resistance that is first detected during pregnancy. It can develop
during any stage of pregnancy, but most commonly presents in the second or third
trimester.® In healthy pregnancies, increased insulin resistance is a necessary
physiological change that facilitates adequate carbohydrate supply for the fetus and
the stimulation of fetal pancreatic insulin as an essential growth hormone, to meet the
increased energy demands of pregnancy. However, in pregnant women with GDM,
hyperglycaemia and resistance to insulin is overly pronounced.’

The most common form of GDM (~80% cases) is characterised by pancreatic 3-cell
dysfunction, where -cells are no longer able to accurately detect blood glucose
concentration or to adequately control release of insulin. This occurs following chronic
insulin resistance, which is thought to occur in addition to the normal insulin resistance
in pregnancy.’ In addition, neurohormonal networks (e.g. leptin, adiponectin) along
with several organ systems (e.g. pancreas, adipose, liver, muscle, gut, brain,
placenta) may play a role in the pathogenesis of GDM.”’

Evidence has consistently demonstrated that pregnant women with GDM and their
newborns are at an increased risk of adverse perinatal outcomes, including large for
gestational age (LGA), macrosomia, caesarean section and pre-eclampsia. While
GDM generally resolves after the baby is born, the effects of GDM on the mother and
child may last beyond the timeframe of pregnancy, increasing the risk of longer-term
maternal complications such as type 2 diabetes and cardiovascular disease,® 1° as
well as the child's risk of obesity and associated cardiometabolic outcomes.*?: 12
Whether there exists a physiological link between maternal hyperglycaemia and
perinatal and long-term adverse outcomes remains unclear; though it has been
hypothesised to result from epigenetic remodelling due to intrauterine metabolic and
inflammatory dysregulation.3

Prevalence of GDM

The estimated prevalence of GDM is influenced by several factors, including
population characteristics, e.g. ethnicity or obesity; diagnostic criteria, e.g. glucose
thresholds; and screening strategies, e.g. general or targeted screening.* As explored
in more detail in the subsequent sections of this introduction, there is heterogeneity in
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such factors, making it challenging to compare prevalence estimates at country-,
regional- or even individual study-level. Another factor contributing to prevalence
heterogeneity is consensus (or lack thereof) around the diagnostic criteria (discussed
in more detail below), whereby estimates vary based on what test and thresholds
have been applied within a study, making comparisons difficult.

An SLR conducted by Farrar (2016), which aimed to estimate the prevalence of GDM
in the UK and Ireland, identified 13 studies on 16 cohorts of women. Reported
prevalence across the studies varied substantially, ranging from 1.0% to 24.3%.% 1415
Prevalence estimates shifted from being consistently around 1 to 3% in studies carried
out prior to 2010, which largely used the World Health Organization (WHO), 16 17
diagnostic criteria, to a wider range of 8 to 24% for studies undertaken post-2010. This
likely reflects the introduction of the 2010 International Association of the Diabetes
and Pregnancy Study Groups (IADPSG) criteria that uses a lower fasting glucose
threshold than WHO (Table 1), along with increasing trends in maternal older age and
overweight/obesity during pregnancy.* ® Use of IADPSG criteria resulting in a
prevalence of GDM that was higher (35.5%) than the 10.6% found when using a
procedure with higher glucose thresholds has been demonstrated.8 1°

The few studies that further stratified prevalence by population characteristics found
that estimates generally increased with age, where prevalence of GDM was around 4
times higher in women over 40 years compared with women under 20 years old. GDM
prevalence is also strongly correlated with ethnicity; specific ethnicities with higher
prevalence are Hispanic, African, Native American, South or East Asian Pacific
Islands or Indigenous Australians, whereas lowest GDM risk is found among women
of Anglo-European descent.? The increase was up to 11 times higher in 1 study for
South Asian women (prevalence of 4.4%) compared with White European women
(prevalence 0.4%), 2! but was more consistently around 5 times higher in Asian
women across other studies.* Other systematic reviews have investigated the impact
of obesity on the prevalence of GDM, with 1 finding that there was a 0.9% increase in
prevalence per 1 unit increase in body mass index (BMI). 2> One SLR found a strong
correlative relationship between pre-pregnancy overweight/obesity and risk GDM,
regardless of whether the assessment of BMI was self-reported, measured or take
from hospital records.?® A further analysis of the dose-response relationship found that
GDM risk increased by 4% per 1 unit increase in BMI.%3

In the Hyperglycaemia and Adverse Pregnancy Outcome (HAPO) study, the overall

prevalence of GDM across 15 international centres using IADPSG criteria averaged at
Screening for Gestational Diabetes
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17.8%.%° The evidence demonstrates that it is currently difficult to estimate the true
prevalence of GDM with heterogeneity resulting from biological differences rather than
being due to varied diagnostic criteria.

Screening for GDM

Diagnostic tests and thresholds

GDM is diagnosed through assessment of maternal blood glucose levels. This is most
often performed by measuring fasting plasma glucose (FPG) and using an oral
glucose tolerance test (OGTT), whereby blood glucose is first measured after an
extended fast (=8 hours e.g. overnight) before a glucose solution is ingested. Blood
glucose concentration is then measured at 1 or more specific timepoints.® While the
glucose levels of healthy pregnant women will be tightly controlled and quickly return
to normal following glucose being metabolised, levels in women with GDM will remain
higher for longer or even increase over a period of time.?4 2> OGTTs typically involve
75 g or 100 g glucose loads with measurements taken at 1, 2 or 3 hours post-
ingestion. A 50 g 1hour glucose challeng test (GCT) may also be used, particularly in
the context of an initial test to stratify risk.2®

Along with differences in the recommended glucose dose and time period for
measuring plasma glucose post glucose ingestion, recommendations for the threshold
value at which a diagnosis of GDM should be made (diagnostic threshold) and the
required number of abnormal values have evolved over time and still vary
considerably in current practice. Waugh (2010) suggests that assessment of FPG
levels alone may be sufficient in the future once diagnostic thresholds are agreed, with
advantages including lower resource use and avoidance of side effects, such as
nausea and vomiting, associated with the ingestion of glucose-containing liquid.> At
present, assessment of at least 1 OGTT value is recommended by clinical guidelines
(Table 1).

Different recommendations for the tests and diagnostic thresholds as given by
national and international organisations are summarised in Table 1. Early
recommendations began with 3 sets of similar criteria published around the 1960-80s
by O'Sullivan and Mahan,?’ later endorsed by the National Diabetes Data Group
(NDDG)?® and modified with the addition of a 50 g 1-hour GCT by Carpenter and
Coustan.?® Aside from the 50 g GCT and slight variations in the diagnostic threshold,
all recommended using an initial FPG test, followed by a 100 g 3-hour OGTT, and
required at least 2 values to be abnormal for a GDM diagnosis. The American
Diabetes Association (ADA) also adopted the selective 2-step approach with an initial
50 g GCT preceding a full diagnostic 100 g 3-hour OGTT using the NDDG criteria.°
Requiring 2 abnormal values for a diagnosis was also later adapted by the WHO in
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several guidelines'4 6. 17. 31 that recommend measuring FPG and/or a 75 g 2-hour

OGTT, with the 2 abnormal glucose values emerging either from the same test or
repeated tests. Notably, these were the same thresholds that were used for diagnosing
type 2 diabetes mellitus, an approach that is no longer considered appropriate. 2010
saw the first major change to the status quo in GDM diagnosis when the IADPSG
recommended a 1-step method and required just 1 plasma glucose value to exceed the
threshold (either 5.1 mmol/L for FPG, 10.0 mmol/L for 1-hour 75 g OGTT or 8.5 mmol/L
for 2-hour 75 g OGTT). This was based on the results of the landmark HAPO study,
where cut-offs were calculated based on associations between maternal/neonatal
complications and maternal glucose levels. 32 This approach may require fewer women
to be screened in order to achieve a reduction in the number of adverse outcomes due
to GDM. 18 19 These criteria were later adopted by several other bodies including the
ADA, 2 the WHO 34 and the Endocrine Society of the US 3° and are widely used in
countries outside the US.3¢ However, the 1-step approach remains contentious and is
not globally accepted, largely due to concerns that the method results in overdiagnosis
and overtreatment, with subsequent increases to cost and resource use without
demonstrable improvement to maternal/neonatal outcomes. 19, 37

The American College of Obstetricians and Gynecologists (ACOG),3 and the National
Institutes of Health (NIH)%® in the US continue to recommend a selective 2-step
approach, based on the thresholds originally recommended by NDDG 3° and Carpenter
and Coustan ?° and an initial 50 g GCT before the full test, whilst the most recent ADA
guidelines now recommend either a 1-step or 2-step approach.?® In the UK there are
further differences: the National Institute for Health and Care Excellence (NICE)
recommend a conservative risk factor-based 1-step approach where GDM should be
diagnosed if a woman has 1 or more risk factors (BMI >30 kg/m?, previous macrosomic
baby weighing 24.5 kg, previous GDM, family history of diabetes or higher risk ethnicity)
and either FPG of 25.6mmol/L, or a 2-hour 75 g OGTT plasma glucose level of
>7.8mmol/L.2 This is similar to the 2010 Scottish Intercollegiate Guidelines Network
(SIGN) criteria with slightly different glucose thresholds.*® The 2 previous Health
Technology Assessment (HTA) reports which assessed screening for gestational

diabetes concluded that there was insufficient evidence to make a recommendation.®:
41
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Table 1: Diagnostic criteria for the diagnosis of GDM

WHOus,17,31,34 International 2013

Load
1-step

N of

FPG

Glucose Threshold (mmol/L)

Organisation Country Year* Steps Abnorma (g) 1h 2h 3h Notes | Values OGTT OGTT OGTT

1

5.1-
6.9

75

10.0

8.5—
11.0

1999

1-step

7.0

75

7.8

The recommendation accepted the IADPSG
2010 thresholds but noted that the quality of
evidence is "very low" and the strength of

recommendation is "weak". It was also noted
that diagnostic thresholds are likely arbitrary

The FPG threshold was lowered to reflect the
ADA 1997 recommendation for type 2
diabetes

This recommendation used the same
thresholds as those for detecting type 2
diabetes. This is no longer considered
appropriate

1985

1-step

lor2

7.8

75

111

This recommendation used the same
thresholds as those for detecting type 2
diabetes. This is no longer considered
appropriate

State that a single blood glucose value higher
than the thresholds can establish the
diagnosis, but that

1980

1-step

8.0

75

11.0

This recommendation used the same
thresholds as those for detecting type 2
diabetes. This is no longer considered
appropriate

A clinical diagnosis was made on the basis of
at least 2 abnormal values, either from the
same test or repeated tests

Values in the report were rounded to the
nearest whole mmol/L
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NICE?2 UK 2015 1- 56 75 - 7.8 - Recommend that screening only be
step riskfactor conducted in women with any 1 of the
based following risk factor (BMI >30 kg/m?,

previous macrosomic baby weighing 4.5 kg,
previous GDM, family history of diabetes

IADPSG?? International 2010 l-step 1 51 75 10.0 8.5 - This recommendation was developed based
on the results of the HAPO study and was
the first to recommend a 1-step process requiring only 1 abnormal glucose value across the test Screening for Gestational Diabetes

FPG

N of Glucose Threshold (mmol/L) Load Organisation Country Year* Steps
Abnorma (9) 1h 2h 3h Notes
| Values OGTT OGTT OGTT
[first-degree relative with diabetes], higher risk
ethnicity)
HTAS 41 UK 2010 - - - - - - - No additional recommendations on
screening
2002 - - - - - - Concluded that there was insufficient

evidence to advocate for universal screening
and that a highly selective policy based on
maternal and pregnancy characteristics
should be in place

SIGN#40 Scotland 2010 1-step 51- 75 - 8.6— - At the first antenatal visit, women with risk
update d with ris . . actors should have cor
(update d  with risk 6.9 11.0 f hould h HbA1 FPG
2017) factors measured. At 24—-28 weeks, all women with

risk factors should have 75 g OGTT and
women at low risk should have FPG

O'Sullivan and USA 1964 1-step 2 5.0 100 9.2 8.1 6.9 The thresholds were based on a glucose

Mahan?’ measurement in whole blood rather than
plasma glucose and were first established to
predict the postpartum development of type

2 diabetes
NDDG?8 USA 1979 1-step 2 5.8 100 10.6 9.2 8.1 Suggested that a plasma glucose
measurement would be preferred for simple
testing
Carpenter- USA 1982 2-step 2 - 50 7.2 - - Recommended that an initial 50 g screening
Coustan test should be given before the full criteriaze 53 100 10.0 8.6 7.8 diagnostic 100 g screening test
ACOG38 USA 2013 2-step - 50 NR - = Recommend the selective 2-step approach

using either Carpenter-Coustan or NDDG

5.3 or 100 10.0 or 8.6 or LasEr threshold criteria for the 100 g OGTT

5.8 10.6 9.2 8.0
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Endocrine USA 2013 1-step 5.1 75 10.0 8.5 - IADPSG recommendation adopted
Society of the US®
NIH36 USA 2013 2-step - 50 NR = = Recommend the selective 2-step approach

using either Carpenter-Coustan or NDDG

5.3 or 100 10.0 or 8.6 or 7.8 or i
58 106 92 8.0 threshold criteria for the 100 g OGTT

The 15-member panel noted that resolution
of the uncertainties regarding the 1-step
approach would warrant possible revision to
the current recommendations

Screening for Gestational Diabetes

N of FPG Load Glucose Threshold (mmol/L)1 h 2h 3h Notes
Organisation Cou 1try Year*
Steps Abnormal Values () OGTT OGTT
ADA2s ,30,| USAI 2014| 1I - step I 5.1I 75I 10.0| 8.5| I 1I- step approach described as "IADPSG
33
OGTT
or - 50 7.8 - - consensus”
5.3 or 100 10.0or 8.60r 7.8 or Selective 2-step approach described as
2-step 5.8 10.6 9.2 8.0 "NIH consensus" with an initial non-fasting
50 g 1-hour OGTT and uses
CarpenterCoustan or NDDG criteria
2011 1N - 5.1 . 85 - Accepted the IADPSG
step) recommendation
1997 2 - The 2 gstep approach includes
step) an initial 50 g

OGTT where a value of 27.8 mmol/L

5.8 100 10.6 9.2 8.1 precedes the full diagnostic 100 g OGTT
which uses the same thresholds as the
NDDG criteria

Abbreviations: ACOG, American College of Obstetricians and Gynecologists; ADA, American Diabetes Association; BMI, body mass index; FPG, fasting plasma glucose; HAPO,
Hyperglycemia and Adverse Pregnancy Outcome; HTA, Health Technology Assessment; IADPSG, International Association of the Diabetes and Pregnancy Study Groups; OGTT, oral
glucose tolerance test; NDDG, National Diabetes Data Group; NICE, National Institute for Health and Care Excellence; NIH, National Institutes for Health; NR, not reported; SIGN, Scottish
Intercollegiate Guidelines Network; UK, United Kingdome; USA, United States of America; WHO, World Health Organization

*The guidance is ordered by the year of the most recent published recommendations (year in bold) with all earlier recommendations from the same organisation listed below.
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Aside from the aforementioned lack of reliability in estimating GDM prevalence, the
inconsistency in the diagnostic criteria has numerous implications. Not least, it is challenging
to

balance lower, more conservative test thresholds, which result in more women being
diagnosed with GDM, with higher thresholds that limit the number of detected cases. It is
important to consider the associated health and economic burdens such as unnecessary
treatment in the former versus false reassurance and lack of treatment for women who may
have GDM in the latter. Furthermore, a problem with the original O'Sullivan and Mahan criteria
upon which all subsequent thresholds are based, is that the objective of these was to predict
the risk of developing future type 2 diabetes or hyperglycaemia, rather than the risk of adverse
maternal or neonatal outcomes.?’ In their 2013 guideline, the WHO also acknowledge that
diagnostic thresholds are likely arbitrary, since the risk of adverse outcomes is continuous with
increasing maternal blood glucose levels, as demonstrated in the HAPO study.3

Continuum of blood glucose values

While the association between GDM and pregnancy outcomes is well-established, the
association between milder degrees of glucose intolerance during pregnancy and
adverse pregnancy outcomes is less clear. There remains a need for better
understanding of the relationship of varying levels of hyperglycaemia with maternal
and neonatal outcomes, particularly the threshold at which risk is substantial enough to
warrant intervention. Evidence on how milder gestational hyperglycaemia affects
perinatal outcomes has emerged primarily from the HAPO study.? In response to
discussions on the impact of inconsistency in diagnostic criteria for GDM, the study
objectives were to determine predictive values for adverse pregnancy outcome by
incremental glucose increase, in order to facilitate selection of internationally agreed
diagnostic criteria.

During the study, 75 g 2-hour OGTT tests were administered to more than 25,000
nondiabetic pregnant women between 24- and 32-weeks’ gestation, in 9 different
countries. Data from HAPO mother-newborn pairs indicated an increase in the
incidence of all 4 primary outcomes with increases in the 3 measures of blood glucose,
both when these were analysed on a continuous scale and when categorised into 5
mg/dL increments.3 After adjusting for confounders including age, BMI and family
history of diabetes, an increase in 1 standard deviation of fasting blood glucose (FBG,
6.9 mg/dL) was associated with significantly increased odds of macrosomia (odds ratio
[OR]=1.38; 95% confidence intervals [CI]: 1.32 to 1.44), primary caesarean section
(OR=1.11; 95% CI: 1.06—1.15) and neonatal hyperinsulinemia (OR=1.55; 95% CI: 1.47
to 1.64), though the association with neonatal hyperglycaemia was not found to be
significant.® However, no clear threshold in blood glucose values was observed that
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could help to inform objective outcome-based diagnostic criteria for GDM. Instead, the
results of the HAPO study suggest that GDM is not a clearly differentiated disease
state and that the perinatal and long-term risks for mother and child should be
considered within a continuum of glycaemic values.*? This has far reaching
implications for screening for GDM; without a threshold that can be used to define the
at-risk group(s), screening will not be able to identify women in whom an intervention
would be beneficial. Too high a threshold could cause women to miss out on treatment
and too low a threshold could lead to overtreatment.

There is evidence from interventional studies (Australian Carbohydrate Intolerance
Study in Pregnant Women [ACHOIS] and Landon 2009) indicating a benefit of diet and
insulin as needed on the incidence of shoulder dystocia and measures of birth weight
and size, in women with blood glucose lower than values traditionally considered to be
clinically significant in diagnostic testing (based on investigator-defined fasting glucose
and OGTT values)*® 44 However, evidence on the specific maternal blood glucose
levels at which treatment is warranted to prevent or minimise other adverse neonatal
outcomes remains to be evaluated. In order to inform recommendations of
implementing a screening programme, further data is needed on the levels of blood
glucose at which lifestyle and pharmaceutical interventions are clinically and
economically beneficial at reducing the risk of adverse outcomes for mothers and their
newborns.®

Screening modalities

In addition to the lack of consensus on maternal blood glucose thresholds for diagnosis
of GDM, approaches for how pregnant women should be selected for GDM screening
also vary globally. In general, screening for GDM is usually performed at 24 to 28
weeks’ gestation in order to coincide with the rise of insulin resistance that typically
occurs during the second trimester. Women who do not have the ability to produce
sufficient insulin to adapt to this resistance will consequently present with higher
plasma glucose levels.*®

In the UK, universal screening for GDM is not currently recommended; only women
considered to be at high risk of GDM undergo testing based on guidance from NICE.?
Indications for testing include BMI >30kg/m?, previous macrosomic baby weighing 24.5
kg, previous GDM, family history of diabetes or minority ethnic family origin with a high
prevalence of diabetes. Women who are considered at risk of GDM should be offered
a

75 g 2-hour OGTT at 24 to 28 weeks’ gestation. NICE guidance also recommends that
pregnant women with a history of GDM should be offered early self-monitoring of blood
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glucose, or a 75 g 2-hour OGTT as soon as possible after the first antenatal
appointment in the first or second trimester, followed by a 75 g 2-hour OGTT at 24 to
28 weeks if the results of the first OGTT were normal.? The NICE 2015 guidance
approach was found to be cost-effective when compared with the 2013 WHO
recommendations or 'no screening' from an NHS perspective. The same study also
concluded that universal screening (application of diagnostic thresholds to all women
regardless of risk factors) was not cost-effective against no screening or
guidelinedirected risk-based screening.*

Current ADA guidelines also recommend selective screening of women considered to
be at risk of GDM, based on the same risk factors used to select non-pregnant adults
for Type 2 diabetes screening. These risk factors are comparable to those defined by
NICE guidelines but also include women who are overweight as well as obese women
(BMI 225 kg/m?) and have additional risk including polycystic ovary syndrome, high
cholesterol or haemoglobin Alc (HbAlc) levels, and a history of cardiovascular
disease or hypertension.?®

The WHO further suggest that glycosuria on dipstick testing (2+ or above on 1
occasion, or 1+ on two or more occasions) may be indicative of undiagnosed GDM,
prompting a need for further diagnostic testing.3* The benefit of screening for GDM in
pregnant women without known risk factors is also currently being discussed, given the
subsequent implications for treatment decision-making.

A number of organisations have recommended and/or implemented universal
screening for GDM, including ACOG and the United States Preventative Services Task
Force (USPSTF). In 2014, the USPSTF recommended screening for GDM in
asymptomatic pregnant women after 24 weeks of gestation but stated that there was
insufficient evidence on the benefits or harms of screening in low-risk women before
24 weeks’ gestation. This guidance is currently under review.*®> The IADPSG (2010)
similarly recommend that all women without known diabetes before pregnancy should
undergo a 2-hour 75 g OGTT test at 24 to 28 weeks gestation.

In conclusion, there is still an ongoing discussion regarding the criteria that should be
used for diagnosis of GDM as well as the population that should be defined as at-risk,
and as such, current screening recommendations and diagnostic guidance have still
not yet been agreed upon. Consensus on diagnosis criteria would allow for improved
estimates of GDM prevalence, harmonisation in evidence generation and collection,
and facilitate optimal treatment decision-making, in order to improve maternal and
neonatal outcomes in GDM.
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Treatment for GDM

The current NICE clinical practice guideline (NG3, 2015) recommends that women who
have been diagnosed with GDM are referred to a dietitican, advised to eat a healthier
diet and exercise regularly. For women with a FPG of <7 mmol/L at diagnosis, a trial of
diet and exercise changes may initially be suggested but if blood glucose targets are
not met with 1 to 2 weeks, metformin, insulin or metformin and insulin should be
offered. For women with a FPG of 27 mmol/L at diagnosis, immediate treatment with
insulin, with or without metformin is recommended, along with diet and exercise
changes.? Similarly, guidance from the ADA states that lifestyle change is an "essential
component" of GDM management and that additional medications (preferentially
insulin as first-line) should be added if needed.*¢ A recent appraisal of 14 guidelines
from international organisations (including NICE and ADA) found commonalities across
all guidelines. The main principles included lifestyle intervention, particularly nutrition
therapy, as essential; use of medical therapy if needed to achieve glycaemic targets;
regular self-monitoring of blood glucose. A main difference was the preferred agent for
medical therapy to treat hyperglycaemia. In 6 guidelines, insulin was recommended as
first-line therapy, whereas in another 6, oral antidiabetic agents (for example,
metformin) were recommended.*’

At present, treatment is only recommended for women diagnosed with GDM based on
the NICE pathway. There are no recommendations for how to treat low-risk women
who would be diagnosed with GDM should a population screening programme be
introduced.

Current policy context and previous reviews

Screening for GDM in pregnant women is currently not recommended in the UK. The
initial UK NSC recommendation not to introduce a GDM screening programme was
based on a 2002 HTA report which concluded that screening for GDM did not meet
sufficient UK NSC criteria.** A precise definition of GDM was lacking and adverse
outcomes of increased glucose levels were reported mostly as macrosomia, the
thresholds for which were considered somewhat arbitrary and not distinguishing
between larger babies and those with abnormal growth, where treatment may be
beneficial. No standardised test to screen for GDM was available and there was a
concern that some women with low levels of glucose intolerance and who are not at
risk of adverse outcomes may suffer anxiety and inconvenience due to receiving the
diagnosis.

This was followed by another HTA, in 2010, which incorporated the findings of the
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HAPO and ACHOIS studies, and despite finding an increased knowledge base around
the condition, there was still insufficient evidence to determine blood glucose levels at
which interventions may provide benefit.> Currently, the risk-factor based testing is
recommended by NICE, but it is unclear whether women without the NICE-specified
risk factors could be at risk of adverse outcomes if their blood glucose values are
elevated but not yet reaching the 7.8 mmol/L threshold specified by NICE.

This rapid review aims to identify evidence published since the last HTA report
searches which were conducted in 2009, in answer to the following questions:

* what are the risks of short and long-term adverse outcomes associated
with incremental increases in maternal blood glucose level in the
newborn?

* what are the most effective screening tests or strategies to identify women
at risk of hyperglycaemia in pregnancy or GDM?

« what is the most effective intervention for lowering glucose levels in
screen-detected pregnant women with GDM and preventing adverse
perinatal outcomes?

Objectives

This review aims to assess whether there is sufficient evidence to consider introducing
a screening programme for GDM in pregnancy. Specifically, the review will focus on
introducing a screening programme in the context of current recommendations by the
NICE NG3 guideline, whereby testing for GDM by 75 g 2-hour OGTT is recommended
for women with risk factors and diagnosis is made if the FBG value is 25.6 mmol/L or
the 2-hour OGTT value is =27.8 mmol/L.

The review will appraise evidence on the questions in Table 2, which each relate to the
criteria set out by the UK NSC for assessing the suitability of a screening programme.

Table 2. Key questions for the evidence summary, and relationship to UK NSC
screening criteria

Key questions
Criterion Studies Included

THE CONDITION
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The condition should be an important
health problem as judged by its
frequency and/or severity. The
epidemiology, incidence, prevalence
and natural history of the condition
should be understood, including

UK NSC external review — Screening for Gestational Diabetes

What are the risks of
short and long-term
adverse outcomes in the
newborn associated with

23 publications on 18 studies

Criterion

Key questions

Studies Included

development from latent to declared
disease and/or there should be
robust evidence about the
association between the risk or
disease marker and serious or
treatable disease.

THE TEST

There should be a simple, safe,
precise and validated screening test.

THE INTERVENTION

There should be an effective
intervention for patients identified
through screening, with evidence that
intervention at a pre-symptomatic
phase leads to better outcomes for
the screened individual compared
with usual care. Evidence relating to
wider benefits of screening, for
example those relating to family
members, should be taken into
account where available. However,
where there is no prospect of benefit
for the individual screened then the
screening programme shouldn’t be
further considered.

incremental increases in
maternal glucose level?

What are the most
effective screening tests
or strategies to identify
women at risk of
hyperglycaemia in
pregnancy or GDM?

What is the most
effective intervention for
lowering glucose levels
in screened detected
pregnant women with
GDM and preventing
adverse perinatal
outcomes?

18 publications on 14 studies

17 publications on 12 studies

Methods

The current review was conducted by Costello Medical, in keeping with the UK
National Screening Committee evidence review process. Database searches were
conducted on 21 August 2019 to identify studies relevant to the questions detailed in
Table 2.
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Eligibility for inclusion in the review

Eligibility criteria for each question are presented in Table 3, Table 4 and Table 5
below.

Systematic literature reviews (SLRs) and meta-analyses (MAS) were considered for
inclusion for all questions in this review. If the scope of an SLR or MA was closely
aligned to 1 of the topics of this review, it was included in its own right. However, if the
scope was not closely aligned to 1 of the topics of this review, but some of the included
articles may have been of interest, the reference list of the SLR or MA was
handsearched. Any relevant primary research articles identified that were relevant to
this review were then included, but the SLR or MA itself was excluded.

Review process

The following review process was followed:

4. Each abstract was reviewed against the inclusion/exclusion criteria by 1 reviewer. Where
the applicability of the inclusion criteria was unclear, the article was included at this stage
in order to ensure that all potentially relevant studies were captured. A second independent
reviewer provided input in cases of uncertainty, and validated all of the first reviewer’s
inclusions and 10% of exclusions. Any disagreements were resolved by discussion until a
consensus was met.

5. Full-text articles required for the full-text review stage were acquired online if freely
available, or through the Cambridge University Library. Any paywalled articles unavailable
at the Cambridge University Library which were deemed to have high potential of being
relevant to the review questions were purchased in consultation with the UK NSC.

6. Each full-text article was then reviewed against the inclusion/exclusion criteria by 1
reviewer, who determined whether the article was relevant to 1 or more of the review
guestions. A second independent reviewer provided input in cases of uncertainty and
validated all of the first reviewer’s inclusions and 10% of exclusions. Any disagreements
were resolved by discussion until a consensus was met.
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Table 3. Inclusion and exclusion criteria for review question 1 (Q1)

Domain Population Intervention Comparator ~ Outcome Study type Setting Other
considerations

Exclusion  Women who are not Any other Any other Any other outcomes Any other study Studies in ineligible Studies with
criteria pregnant prognostic comparators design, including countries, or case full text not in
Cohorts selected for the factors if maternal reports, international studies the English
presence of a specific ~ 91UCOSe is not case series, where outcomes for ~language
condition e.g. women included narrative reviews, eligible countries
with preexisting diabetes editorials, are not presented
or commentaries, separately to Studies
GDM, women receiving letters, outcomes from published
treatment for diagnosed conference ineligible countries  pre2009
GDM, women selected abstracts or
for other risk factors (o]

Multiple pregnancies only t
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Abbreviations: EEA, European Economic Area; GDM: gestational diabetes mellitus; LGA, large for gestational age; OECD, Organisation for Economic Co-ordination and
Development; RCT, randomised controlled trial.

Where possible, risk was stratified by pregnancy characteristics (e.g. age, BMI, ethnicity). In the first instance, this review focused on evidence related to the UK population.
*A decision rule was formulated for Tier 2 evidence, depending on the level of available Tier 1 evidence for specific outcomes.

Table 4. Inclusion and exclusion criteria for review question 2 (Q2)

Domain Population Intervention Comparator  Outcome Study type Setting Other
considerations
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Exclusion
criteria

Women who are not

Irrelevant index testAny other
pregnant

or reference comparators

Cohorts selected for standard

the presence of a
specific condition e.g.
women with preexisting
diabetes, women
receiving treatment for
diagnosed GDM,
women selected

for other risk factors

Multiple pregnancies only

Any other outcomes

Any other study Studies in ineligible
design, including  countries, or
RCTs, case reports,international studies

case series, where outcomes for
narrative reviews, eligible countries are
editorials, not presented
commentaries, separately to

letters, outcomes from
conference ineligible countries

abstracts or other
publication types
that have not been
peerreviewed

Studies with
full text not in
the English
language

Studies
published
pre2009

Abbreviations: (AU)ROC, (area under) receiver operating characteristic; EEA, European Economic Area; GDM: gestational diabetes mellitus; OECD, Organisation for Economic

Coordination and Development; (O)GCT, (oral) glucose challenge test; (O)GTT, (oral) glucose tolerance test; NPV, negative predictive value; PPV, positive predictive value; RCT,
randomised controlled trial.

*A decision rule was formulated for Tier 2 evidence, depending on the level of available Tier 1 evidence for specific test parameters.
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Table 5. Inclusion and exclusion criteria for review question 3 (Q3)

Domain Population Intervention Comparator  Outcome Study type Setting Other
considerations
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Exclusion Women who are not
criteria pregnant
Pregnant women
without GDM
Healthy newborns
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Any other Any other Any other outcomes Any other study Studies in ineligible
interventions comparators design, including  countries, or
case reports, case international studies

series, narrative
UK NSC external review — Screening for Gf@g@wgqa[ D}abetes where outcomes for

4 eligible countries are
editorials, not presented
commentaries, separately to
letters, types that have Studies
ublished pre-
conference outcomes from 2009 P
not been
abstracts or ineligible countries peerreviewed
other Studies with full text not in the English
publication language

Abbreviations: EEA, European Economic Area; GDM: gestational diabetes mellitus; OECD, Organisation for Economic Co-ordination and Development; NPV, negative

predictive value; PPV, positive predictive value; RCT, randomised controlled trial.

*A decision rule was formulated for Tier 2 evidence, depending on the level of available Tier 1 evidence for specific outcomes.
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Appraisal for quality/risk of bias tool

Quality assessments were performed by 1 reviewer for each included study and independently

verified by a second individual. Any discrepancies were discussed until a consensus was
reached; if necessary, a third independent reviewer made the final decision.

The following tools were used to assess the quality and risk of bias of each study
included in the review:
« Diagnostic accuracy of screening test studies: Quality Assessment of
Diagnostic Accuracy Studies (QUADAS-2) tool*8
« Accuracy of diagnostic model studies: Prediction model Risk Of Bias
Assessment Tool (PROBAST)#?

« RCTs: Cochrane Collaboration’s “Risk of Bias” tool*°
* Non-randomised interventional studies and observational studies: Risk of
Bias in Non-randomised Studies — of Interventions (ROBINS-I) tool°?

The full guidance used for the quality assessments is available in Appendix 4.

Databases/sources searched

The following databases were searched:
*  MEDLINE, MEDLINE In-Process, MEDLINE Daily, Epub Ahead of Print -
Embase
* The Cochrane Library, including the following:
* Cochrane Database of Systematic Reviews (CDSR)

* Cochrane Central Register of Controlled Trials (CENTRAL) « Database of
Abstracts of Reviews of Effects (DARE)

MEDLINE and Embase were searched simultaneously via the Ovid SP platform. The
Cochrane Library databases were searched via the Wiley Online platform and DARE was
searched via the Centre for Reviews and Dissemination (CRD) website.

Searches were run on 21 August 2019. Full details of the searches, including the search
strategy for each database, are presented in Appendix 1.

Searches for Q1 were based on an adapted search strategy of Farrar 2016.4 Adaptations
included limiting to RCT, non-RCT and observational study designs using a well
validated search filter>? and addition of some exclusion terms, such as to exclude
conference abstracts. Farrar 2016 did not include search terms for large for gestational
age (LGA) or infant mortality; whilst LGA was included as an outcome in the SLR,
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evidence on perinatal mortality was not included. Therefore, additional terms have been
added for these outcomes, with the date limit for perinatal mortality terms altered to 2009
to capture studies reporting on this outcome that were not included in the Farrar 2016
SLR.

Searches for Q2 were also based on Farrar 2016 that included studies on tests based on
glucose tolerance, and maternal history and risk factors; new evidence on the accuracy
of those tests was date limited to October 2014.4 Searches for studies on tests based on
maternal screening and biomarkers not included in Farrar 2016 were date limited to
2009.

For Q3, the 3 SLRs that formed the evidence base only included RCT evidence. As such,
only the search results identified through the RCT search filter were date limited to 2016.
Non-RCTs and observational studies were date limited to 2009.

Page 33



UK NSC external review — Screening for Gestational Diabetes

Question level synthesis

Criterion 1 — The condition should be an important health problem as judged by its
frequency and/or severity

Question 1 — What are the risks of short and long-term adverse outcomes in the newborn
associated with incremental increases in maternal glucose level?

The National Institute for Health and Care Excellence (NICE) guidelines currently
recommend a 1-step risk factor based approach to screening for gestational diabetes
mellitus (GDM), whereby women with a risk factor(s) (body mass index [BMI] >30 kg/m?;
prior macrosomic baby 24.5 kg; previous GDM; family history of diabetes; high risk ethnicity
[South Asian, black Caribbean, Middle Eastern]) should undergo screening. GDM is
diagnosed if a woman has either a fasting plasma glucose (FPG) of 25.6 mmol/L or a 2hour
75 g oral glucose tolerance test (OGTT) of 27.8 mmol/L.?

The aim of this question was to identify associations between incremental increases in
glucose levels that are elevated from normal in a low risk population (i.e. those not
considered to have GDM according to NICE criteria or those treated for GDM) and the risks
of adverse pregnancy and neonatal outcomes. This would allow the characterisation of a
"low risk" population that may benefit from screening for GDM who are not currently included
in the NICE recommendation. This question was partly considered in the 'Screening' chapter
of the rapid evidence synthesis on screening for hyperglycaemia in pregnancy, conducted
by Waugh et al. in 2010 for the UK NSC, which highlighted the need to identify a glucose
threshold at which women should be classified as being at high risk.> However, the specific
risks of specific outcomes associated with elevated maternal glucose were not quantified.

This evidence synthesis includes a large systematic literature review (SLR), Farrar 2016, whose
searches were conducted in October 2014 and were updated as part of this review.

Eligibility for inclusion in the review

This review searched for control arms of randomised controlled trials (RCTs), crosssectional
and cohort studies, and SLRs and meta-analyses (MAS) of these study types, published
since January 2009. Studies were included if the population comprised unselected pregnant
women without pre-existing diabetes or other specific risk factors (i.e. not a population that
would be eligible for screening as per the NICE definition of GDM). Eligible women had
singleton pregnancies and had undergone assessment of glucose tolerance. Studies or data
from subgroups of women treated for GDM were not eligible for inclusion. The prognostic
factor of interest was elevated maternal glucose identified by diagnostic tests for GDM,
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compared with normal maternal glucose levels. Studies were required to compare at least 1
category of elevated maternal glucose (as defined by the individual study) with NGT to allow
identification of differences between women with elevated glucose (but not considered to
have GDM) compared with NGT. Outcomes of interest for question 1 were risk of adverse
pregnancy, neonatal or long-term offspring outcomes. Outcome data were reported as
number of events, odds or risk ratios relative to glucose categories or unit increments in
glucose. Studies that only reported on correlations were excluded as these would not allow
characterisation of a specific cut-off threshold for elevated risk. Studies were restricted
geographically to Organisation for Economic Cooperatione and Development (OECD) or
European Economic Area (EEA) countries, excluding Mexico and South Korea.

A large SLR and MA conducted as part of a Health Technology Assessment (HTA) by Farrar
and colleagues (2016), was identified and updated as part of the evidence synthesis for
question 1. The aim of Farrar 2016 was to determine the association between graded
increases in glucose level and risk of perinatal and longer-term outcomes and the eligibility
criteria were largely aligned with the eligibility criteria of this rapid review for question 1.
However, there were some differences. For example, the search strategy used in Farrar
2016 did not include terms for perinatal mortality or large-for-gestational-age (LGA), which
was accounted for by adding search terms for these outcomes. Furthermore, Farrar 2016
did not use a geographic limit and included 7 studies from non-OECD/EEA countries
(Singapore, South Korea, Pakistan, Iran and China). Separate results excluding these
countries were not available from the MA, therefore this should be noted as a limitation
when considering the generalisability of the results to a UK setting.

Description of the evidence

Three publications reported on the Farrar 2016 SLR. Seventeen primary publications
from database searches were judged to be relevant to question 1. Two additional
publications from database searches were reference linked to Farrar 2016 as they
reported novel data on studies included in Farrar 2016. Ultimately, there were 22
publications on 18 unique studies (1 SLR and 17 primary research). The key details of
the included studies are presented in Table 6. Figure 1 (Appendix 1) contains a full
PRISMA diagram.

Farrar 2016 SLR and MA

Farrar 2016 included 57 studies in the qualitative synthesis and 37 studies in the MA.
Key studies included were HAPO, Born in Bradford (BiB) and ATLANTIC-DIP (Diabetes
in Pregnancy). Where publications reported on the same study or cohort, data from the
most recent and comprehensive publication for each outcome was used. As required by
the eligibility criteria, all studies used at least 1 of the 50 g glucose challenge test (GCT),
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75 g OGTT or 100 g OGTT to assess glucose tolerance. The Farrar 2016 HTA also
reported on a separate analysis of individual patient data (IPD) from the BiB birth cohort
study. This is not considered separately in the discussion of the results because the BiB
study was also included in the MA; however, full details of the outcomes from the IPD
analysis are presented in Appendix 2 Table 47.

The results from the MA conducted as part of Farrar 2016 are reported as odds ratios

(ORs) for specific outcomes per 1 mmol/L increment in glucose (i.e. a dose-response).
Different estimates were produced based on glucose levels measured by the 1 h 50 g GCT,
75 g OGTT (FPG, 1 hand 2 h) and 100 g OGTT (FPG, 1 h and 2 h). In order to increase the
number of studies and participants included in the comparisons, the results for the 75 g and
100 g OGTT were combined, with the assumption that the association between outcomes
and increase in glucose were the same for both tests. The combined 75 g/100 g OGTT
results are the ones discussed in the results of this rapid review, while full details of all
outcomes for individual glucose tests are presented in Appendix 2 Table 47.

One additional publication on the HAPO study (Belfast site) and 1 additional publication on
the ATLANTIC-DIP cohort were identified and included as supplementary to the Farrar 2016
SLR.53,54

Other included studies from database searches

Of the 17 publications included as distinct from the Farrar 2016 SLR, 1 was a secondary
analysis of an RCT, 4 were prospective cohorts and 12 were retrospective cohorts. Studies
were conducted in the US (n=6), Turkey (n=3), Spain (n=2), Australia (n=1), Canada (n=1),
England (n=1), Italy (n=1), Sweden (n=1) and Japan (n=1). All studies measured glucose
using 1 or more of the following tests: FBG, 50 g GCT or 75 g/100 g OGTT, primarily
between 24 and 28 weeks' gestation. There was large variation in study-defined thresholds
or categories for elevated maternal glucose. Some studies based this on a specific glucose
cutoff value, whereas others employed the use of pre-existing criteria, such as Carpenter and
Coustan (CC) criteria or International Association of Diabetes and Pregnancy Study Groups
(IADPSG) criteria and evaluated the number of abnormal values. Eleven studies reported on
2 groups: 1 with elevated and 1 with normal glucose tolerance (NGT), 5 studies included 3
groups: 2 elevated glucose groups compared to NGT, and 1 study reported on 4 groups
based on glucose tolerance. All studies measured elevated glucose by discreet thresholds,
rather than incremental increases in glucose (unlike the Farrar 2016 MA). "Elevated glucose"
in the majority of studies cannot be compared with the definition of "elevated glucose"
according to NICE criteria as the majority of included studies measured elevated glucose via
the 50 g GCT followed by the 100 g OGTT, whereas NICE recommends a 2-hour 75 g
OGTT. Therefore, the thresholds are not directly comparable (with the exception of FPG
levels, as this is measured before a glucose dose is given). These studies were nevertheless
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included because they initially included populations that would not be considered to be at risk
of GDM based on specific risk factors. Only 2 studies, the MAMMA study and the GDMFU
study could potentially be used to identify a new threshold above which there is increased
risk of an outcome, because these were the only studies that used tests comparable to NICE
and investigated single glucose thresholds (Table 6) in women without risk factors. In 9
additional studies that did not use the 75 g OGTT, the FPG cut-off values could be
comparable to the NICE criteria. However, these cannot be used to identify a single threshold
because they were part of criteria where elevated glucose was defined based on several
possible tests (e.g. FPG, 50 g and/or 100g OGTT 1h, 2h and 3h values), and 1 or more
abnormal value may have been required. In other words, not all women meeting the criteria
for elevated glucose may have met the abnormal FPG threshold but still fulfilled the criteria
based on other tests.

Full details of the thresholds and criteria are presented in Table 6. The majority of studies
reported on both pregnancy and neonatal outcomes. Long-term outcomes were only
reported in Farrar 2016 and in the supplementary publication on the HAPO Belfast
cohort.
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6. Summary of included studies for question 1

Study Location | Design Pregnant Nin Glucose Threshold(s) for Timepoint of
population analysis | test(s) elevated/ abnormal glucose
glucose measurement
Farrar 2016 HTA
Various Pregnant
(including women who .
Farrar 2016 HTA and nonOECD/ had undergone 50 g GCT — Various
Born in Bradford (BiB) = EEA) SLR and MA | gssessment of NA 75g0or100g OR per 1 mmol/L increment (majority 24 to 28
Study IPDa4, 55, 56 g|ucose OGTT WeekS)
tolerance
o ATLANTIC- Euthyroid
> “g DIP Prospective women with . . .
8 % S (Denns?,dy Ireland cohort singleton_ 413 759 OGTT OR per 1 mmol/L increment First trimester
E g 5 2012) pregnancies
@ %f HAPO
> Belfast Prospective | Offspring aged OR per one unit rise in
’ %T;ﬁre refand cohort 5-7 years 1320 7590GTT  tosting, 1hand 2h OGTT = 28 Weeks

Studies identified from database searches

Comparable with NICE criteria (2h 75 g OGTT [NICE thresholds: FPG 25.6 mmol/L or 2h OGTT 27.8 mmol/L])

GDMFU (Lo del Val Retrospective
Opez del va i cohort
2019)%" Spain

MAMMA (Berntorp Prospective
2015)%8 Sweden cohort

Untreated mild

GDM and 1348 FPG 1) 5.1 mmol/L (92 mg/dL) 24 to 28 weeks
nonGDM

Pregnant women

representing

different glucose 1) 2h 5.7 to 6.4 mmol/L

categories 11,016 759 0GTT 2) 2h 6.5to 7.2 mmol/L 28 weeks

Include same test as NICE criteria or FPG but not comparable due to possibility of multiple different abnormal values

Neonatal
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All singleton
pregnancies
screened for
GDM

Screening for Gestational Diabetes

iri 59 Retrospective
Biri 2009 Turkey cohort
Cheng 2009%° us Retrospective
cohort
Study Location | Design
Corrado 2009% Italy Retrospective
cohort
Delibas 2018°%2 Turkey Retrospective
cohort
Donovan 2017% Canada Retrospective
cohort

All singleton
pregnancies

Pregnant
population

Caucasian
singleton
pregnancies with
positive
screening  test
and OGTT

Singleton
pregnancies with
abnormal 1 h 50
g GCT

All pregnancies

2029

14,693

N in
analysis

776

413

178,527

50 g GCT —
100 g OGTT

50 g GCT —
100 g OGTT

Glucose
test(s)

100 g OGTT

100 g OGTT

50 g GCT —
759 OGTT

1) Abnormal 50 g, normal
100 g:

50 g abnormal

7.8 mmol/L (140 mg/dL)

2) One abnormal 100 g:
100 g abnormal FPG

5.8 mmol/L (105

mg/dL)

1h 10.6 mmol/L (190 mg/dL)
2h 9.2 mmol/L (165 mg/dL)
3h 8.1 mmol/L (145 mg/dL)

1) GDM by CC only (100

Ig%DG 5.3 mmol/L (95 mg/dL)
OR

1h 10.0 mmol/L (180 mg/dL)
2h 8.6 mmol/L (155 mg/dL)

Threshold(s) for
elevated/ abnormal
glucose

3h 7.8 mmol/L (140 mg/dL)

1) GDM by CC only (100

Ig:?DG 5.3 mmol/L (95 mg/dL)
1h 10.0 mmol/L (180 mg/dL)
2h 8.6 mmol/L (155 mg/dL)
3h 7.8 mmol/L (140 mg/dL)

1) Single high glucose
value by NDDG criteria:
FPG 5.3 mmol/L (95 mg/dL)
1h 10.0 mmol/L (180 mg/dL)
2h 8.6 mmol/L (155 mg/dL)
3h 7.8 mmol/L (140 mg/dL)

1) HAPO 1.75:

FPG 25.1 to <5.3 mmol/L
1h 210 to <10.6 mmol/L
2h 28.5 to <9.0 mmol/L

24 to 28 weeks

24 to 28 weeks

Timepoint of
glucose
measurement

24 to 28 weeks

24 to 28 weeks

24 to 28 weeks

Y

Y

Pregnancy
outcomes

Neonatal | Longterm
outcomes joutcomes

Y N
Y N
Y N
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Singleton
; pregnancies
Jiang 2017% Australia 5:;;0: pective with antenatal 4081
OGTT
Screening for Gestational Diabetes
Secondary Pregnancies
'(\Illslze’:/luren 2012)65N etwork us analysis of with 1 h glucose = 1535
99 RCT load test result
UK Retrospective .
66
Meek 2015 (England) cohort All pregnancies = 25,543
Miyakoshi 2010%” Japan Retrospective Slngleton_ 283
cohort pregnancies
Study Location | Design Pregnant Nin

population

Not comparable with NICE criteria (different test or no FPG)

Retrospective = Singleton
Beksac 2018°% Turkey cohort pregnancies 584
Retrospective = Women eligible
Berggren 2011°° us cohort for GDM 4659
screening

EQEWAIS

509 GCT —
759 OGTT

50 g GCT —
100 g OGTT

50 g GCT —
759 OGTT

50 g GCT —
759 OGTT

Glucose
test(s)

50 g GCT

50 g GCT —
100 g OGTT

1) GDM/IADPSG 20100nly:
FPG 5.1 to 5.4 mmol/L

2h 8.0 mmol/L 24 to 28 weeks Y

1) Glucose
intolerance (abnormal 50 g;
normal 100g):

1h 50g 27.5 to <11.1 mmol/L
(2135 to <200 mg/dL)

2) Mild untreated
GDM (untreated):

22 values above CC
thresholds: 2410 30 weeks Y
FPG 5.3 mmol/L (95 mg/dL)
1h 10.0 mmol/L (180 mg/dL)
2h 8.6 mmol/L (155 mg/dL)
3h 7.8 mmol/L (140 mg/dL)

1) GDM/IADPSG 20100only
(NICE 2015negative):
FPG 5.1 to 5.5 mmol/L

1h 210.0 mmol/L 2h

<7.8 mmol/L

26 to 28 weeks Y

1) 2 h IGT:
8.3 mmol/L 2)
1hIGT:

10.0 mmol/L

Threshold(s) for
elevated/ abnormal
glucose

24 to 27 weeks Y

Timepoint of
glucose
measurement

Pregnancy
outcomes

1) 7.770 to <8.880 mmol/L;
2) 8.880 to 9.990 mmol/L;
3) >9.990 (n=20)

1) GDM by CC only:
3h 7.8 mmol/L (140 mg/dL)

24 to 28 weeks Y

24 to 28 weeks Y

Y N
Y N
Y N
Y N

Neonatal | Longterm
outcomes joutcomes
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Davis 20187

Ezell 2015™

LIFECODES (Noor
2019)"

Verd 20167

Abbreviations: BiB, Born in Bradford Study; CC, Carpenter and Coustan criteria; EEA, European Economic Area; FPG, fasting plasma glucose; GCT, glucose challenge test; GDM, gestational diabetes
mellitus; GDMFU; GDM Treatment Trial Follow-Up; HAPO, Hyperglycaemia and Adverse Pregnancy Outcomes; HTA, Health Technology Assessment; IADPSG; International Association of Diabetes and
Pregnancy Study Groups; IGT, impaired glucose tolerance; IPD, individual patient data; LGA, large for gestational age; MA, meta-analysis; MFMU, Maternal-Fetal Medicine Units; MIGT, mild impairment of
glucose tolerance; NA, not applicable; NDDG, National Diabetes Data Group; NR, not reported; OECD, Organisation for Economic Cooperation and Development; OGTT, oral glucose tolerance test; OR,

Singleton

pregnancies with 5973
glucose

assessment

Black women 158

aged 18 to 44

Screening for Gestational Diabetes

Retrospective
uS cohort
us Prospective
cohort
Prospective
us cohort
. Prospective
Spain cohort

Population with

data on urinary
phthalate

metabolite
concentrations 277
and infants born

237 weeks'

gestation

Mother-infant

dyads where

mothers 768
attempted
breastfeeding

odds ratio; RCT, randomised controlled trial; SLR, systematic literature review

Green font indicates a test used by NICE (either FPG or 2h 75 g OGTT) but a lower threshold than the NICE threshold. These tests identify a lower risk population compared with the current NICE screening
tests. Red font indicates a test used by NICE but with the same or a higher threshold than the NICE threshold. Black font indicates a test is not used by NICE (for example, 50 g GCT or 100 g OGTT).
Please note that some studies (Cheng 2009;%° Corrado 2009;%* Delibas 2018;%? Donovan 2017;% Jiang 2017;%* MFMU Network;® Meek 2015%) include green font but cannot be confirmed as including a low

50 g GCT —
100 g OGTT

50 g GCT

50 g GCT

100 g OGTT

1) Mild hyperglycaemia:
Thresholds unclear 2)
GDM/IADPSG
20100nly:

Thresholds unclear
abnormal 100 g OGTT

based on IADPSG criteria

(normal based on CC
criteria)

1) 7.5 mmol/L (135 m/dL)

1) 6.7 to < 7.8 mmol/L (120

to <140 mg/dL) 2) 27.8

24 to 28 weeks

28 weeks

Second

mmol/L (=140 mg/dL) without trimester

GDM

1) MIGT:
7.8 to <10.6 mmol/L

risk population (that is different to NICE) because women were included if they had abnormal value(s) on any of several different tests.

24 to 28 weeks
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Discussion of findings

Quality assessments
Farrar 2016 SLR and MA

The quality of Farrar 2016 was appraised using the AMSTAR 2 checklist. Overall, the study
quality was high, including clear objectives and eligibility criteria, a comprehensive search
strategy and robust methodology (dual review). The results, including those from the MA,
were clearly reported including a detailed discussion of the characteristics of included
studies. The quality of the included studies was assessed using validated tools (Critical
Appraisal Skills Programme [CASP] and Quality in Prognosis Studies [QUIPS]). Appropriate
methods of statistical combination were used in the MA and risk of bias was accounted for
in regression analyses while possible heterogeneity was examined using random-effects
analyses. It was noted that there was considerable heterogeneity across studies assessing
risk of macrosomia and LGA, however there was no evidence that the trend in risk
associated with glucose level was different depending on the different glucose tests used.

It should be noted that the eligibility criteria for Farrar 2016 differed from this rapid review in
that studies from any country were eligible, rather than being limited to OECD or EEA
countries. Seven such studies were included in the MA, which may limit the generalisability
of the results to a UK setting, although the vast majority of studies were from eligible
countries.

Full details of the quality appraisal of Farrar 2016 are presented in Table 100 (Appendix 5).
Studies included in Farrar 2016

Farrar 2016 summarised that most studies were generally judged to be at low risk of bias.
Selection of patients was not limited, there was little loss-to-follow-up and levels of glucose
and outcomes were measured using standard criteria or definitions. The main potential risk
of bias was a lack of blinding of participants and outcomes assessors to glucose levels,
which may have resulted in outcome bias, in that assessors would have been aware of
increased glucose levels and incorrectly attribute an outcome to this. There is an additional
potential bias from confounding factors as studies did not adjust for maternal
characteristics, such as maternal age or BMI, that may impact the risk of adverse neonatal



and maternal outcomes independently of glucose level. Most populations were from
highincome countries, and would therefore be applicable to a UK setting.

UK NSC external review — Screening for Gestational Diabetes
Other included studies from database searches

Page 39

The quality of the 17 primary studies identified in the database searches was appraised
using the ROBINS-I tool; a summary is presented in Table 7 and the full appraisal is
presented in Table 47 (Appendix 4). Overall, this evidence was at high risk of bias for
confounding and at moderate risk of bias for outcome measurement and reporting. There
was little concern or low risk of the other domains.
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Table 7. Quality assessment of included studies

Study Bias due to:

Beksac 2018°%® Moderate Moderate
Be:ﬂ%’;’&;?“ Moderate Moderate
Moderate Moderate

Biri 2009

Corrado 20095

Moderate

Davis 2018™ Moderate

Moderate

Moderate Moderate
Moderate

Ezell 2015™

Lopez del Val 2019
(GDMFU)*”

Moderate Moderate

Moderate Moderate

Miyakoshi 20105

Verd 20167

Moderate
Moderate

Moderate

Moderate

Moderate

Moderate

Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate

Moderate

Moderate

Moderate
Moderate
Moderate

Moderate

Overall
risk of
bias

Moderate

Moderate

Moderate

Moderate

Moderate

Moderate

Moderate

Moderate

Moderate
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Confounding

All studies were judged to be either at moderate or serious risk of bias in this domain. In the
majority of studies, whilst women were not generally selected for specific risk factors, it was
noted that the outcomes may have been influenced by uncontrolled maternal factors, such
as age, ethnicity or BMI, the impacts of which on study quality were judged on a
studybystudy basis. The majority of studies did adjust for such factors in statistical
analyses, however 5 studies did not.>% 61.62.72.73 |n 2 studies, women were specifically
selected for the presence of risk factors. In the Maternal and Fetal Medicine Units (MFMU)
Network study (Berggren 2012), the analysis set only included women who self-reported as
either Hispanic or non-Hispanic White, and in Ezell 2015 only Black women were
included.®® 7 It should be noted that these studies were still included as Hispanic and
Black are not specified as at-risk ethnicities for GDM.

Participant selection

All but 2 studies were judged to be at low risk of bias for participant selection. In the
majority of cases, inclusion of participants was not based on outcomes or characteristics
measured after hyperglycaemic status had been determined. However, selection bias may
have been present in the LIFECODES study (Noor 2019), which only included women with
available urinary phthalate metabolite concentration data, and Verd 2016, which only
included women achieving term delivery who attempted breastfeeding.”? 73 In most studies,
all women received the glucose assessment at the same specified time period, usually in
the region of 24 to 28 weeks' gestation, so this is not likely to have influenced selection
bias.

Classification of interventions

All studies were judged to be at a low risk of bias in the classification of interventions
domain. This was largely on the basis that the criteria for women classified as having
elevated glucose were clearly defined (by specific thresholds or on the basis of pre-existing
criteria) and the glucose assessment was performed before any outcome data were
collected, so knowledge of outcomes could not have influenced the classification of women
into glucose categories.

Deviations from intended interventions

Similarly, all studies were judged to be at low risk of bias in the deviations from intended
interventions domain. In all studies, women in the eligible glucose categories were known
not to have received any specific treatment for GDM.
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Missing data

The majority of studies were judged to be at a low risk of bias due to missing data. The 1
study judged to be at moderate risk of bias excluded 755 participants due to lack of usable
glucose data (Davis 2018), leaving 5973 women included in the analysis.”® The remaining
studies did not appear to exclude women on this basis or excluded only a small proportion
of women, which was not expected to have affected the results, and were therefore judged
to be at a low risk of bias.

Measurement of outcomes

Ten studies were judged to be at low risk of bias for the measurement of outcomes and 7
were judged to be at a moderate risk of bias. In all studies, it was judged that methods of
outcome assessment were comparable across women in different glucose categories. For
all studies, it was thought likely that outcomes assessors, for example midwives and
obstetricians, would have been aware of a woman's glycaemic status, even though this
was not explicitly reported in any study. Studies were judged to be at a moderate risk of
bias when it was likely that systematic errors in the measurement of the outcome could
have been introduced due to the outcomes assessor's awareness of the presence or
absence of hyperglycaemia. Outcomes for which systematic errors were thought unlikely
were unplanned C-section, measurement of LGA and macrosomia. For some studies it was
also judged that systematic errors would not be introduced because the elevated glucose
subgroup would have been considered as 'normal’ in clinical practice at the time and thus
assessors would not have been likely to perceive the women as having elevated glucose.

Selection of the reported result

All studies were judged to be at moderate risk of bias for selection of the reported result, as
whilst preferential reporting of some outcomes or specific measures of an outcome was
unlikely, this was unclear from what was reported in all studies. Furthermore, it was unclear
if adjustments for confounding variables were pre-specified or selected based on the
outcome results. Finally, for no study was there an a priori protocol or statistical analysis
plan available.

Results

A study-level summary of data extracted from each included publication is presented in
Appendix 3. Key results for all outcomes are presented in Table 15. For the purpose of
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reporting results, pregnancy outcomes are grouped into (1) gestational age and pre-term
birth and (2) pre-eclampsia and hypertension; neonatal outcomes are grouped into (1)
stillbirth and perinatal mortality; (2) C-section, induction of labour and birth injury; (3) birth
weight, macrosomia and LGA and (4) respiratory distress, congenital malformation,
neonatal hypoglycaemia and admission to neonatal intensive care unit (NICU). Due to
limited reporting, long-term outcomes are not grouped.

Pregnancy outcomes

The Farrar 2016 MA and the 15 included primary studies reported on at least 1
pregnancyassociated outcome.

Gestational age and pre-term birth

Gestational age at birth was reported by 10 studies (Table 8). Overall, there was no clear
difference between elevated glucose and NGT. Values were consistently similar (in the
region of 38 to 39 weeks), regardless of glucose level group. In the 7 studies reporting mean
+ standard deviation (SD), this ranged from 38.5 + 1.7 weeks®? to 39.3 + 2.0 weeks’ in the
NGT groups and from 38.4 + 1.4 weeks®® to 39.4 + 1.9 weeks’ in the elevated glucose
groups. Four studies reported on levels of statistical significance. Of these, 2 found a
significant difference between NGT and elevated glucose groups. Beksac 2018 found that
median pregnancy duration was significantly longer for women with higher glucose according
to the 50 g GCT (<7.77 mmol/L: 37 [30 to 41] weeks; 7.77 to <8.88 mmol/L: 37 [34 to 41]
weeks, p=0.019; 8.88 to 9.99 mmol/L: 38.0 [31 to 40], p<0.001).%8 On the other hand, the
MAMMA study reported that a higher proportion of women in the lowest glucose group, <5.7
mmol/L on 75 g OGTT, reached a gestational age of 242+0 weeks than women in higher
glucose groups, 5.7 to 6.4 and 6.5 to 7.2 mmol/L (26.5% vs 24.7% vs 24.8%, p=0.006).%®
The 2 other studies that measured significance both found no significant difference in the
NGT group compared to women with a single abnormal 100 g OGTT value.s1, 62

Pre-term birth was reported by Farrar 2016 and 9 additional studies (Table 8), but results
were inconsistent as to the risk of the outcome between elevated glucose and NGT groups.
The MA in Farrar 2016 found that the OR of pre-term birth was 1.06 (95% CI 0.96 to 1.17),
0.77 (95% CI1 0.62 to 0.96) and 1.07 (95% CI1 0.99 to 1.15) per 1 mmol/L increment in
glucose as measured by a1 h 50 g GCT, FPG or 2 h 75 g/100 g OGTT respectively. For
the most widely used test, OGTT, there was a trend towards a positive association
between elevated glucose and pre-term birth, although this was not statistically significant.
In the other studies, the proportion of pre-term births varied widely, from 0.4% to 20%
across NGT groups and 0.6% to 26.2% in groups with abnormal glucose values.%8 ¢ This
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substantial variation is likely due to considerable heterogeneity between studies. Of the 4
studies that reported a p value for comparisons between NGT and elevated glucose
groups, only the MAMMA study found that pre-term birth was significantly higher in women
with elevated glucose (5.7 to 6.4 mmol/L or 6.5 to 7.2 mmol/L) compared with NGT (<5.7
mmol/L) (25.3% or 26.2% vs 20.0%; p=0.006).%® This is noteworthy because the "elevated"
glucose groups in the MAMMA study are still below the threshold considered by NICE to be
abnormal (7.8 mmol/L). In those studies that reported ORs for between-group
comparisons, different studies reported different directions of results. For example, whilst
Davis 2018 reported 42% higher odds (OR 1.423, 95% CI 0.75 to 2.71),7° Jiang 2017
reported 25% lower odds (OR 0.75, 95% CI1 0.27 to 2.07) for the elevated glucose group
compared with NGT, however, this may in part be owing to a relatively small sample size.%*
Coupled with inconsistent ORs from Farrar 2016 and wide Cls in all cases, there was no
clear direction of effect in any study for elevated glucose on pre-term birth (Table 8).

In summary, there was no clear, consistent association between gestational age or preterm
birth and elevated glucose. While the MAMMA study did compare different 75 g OGTT
glucose categories below the threshold considered by NICE, demonstrating a higher risk of
pre-term birth from 5.7 mmol/L upwards, no other studies allowed for the identification of a
clear glucose threshold where risk of pre-term birth or decreased/increased gestational age
may be differentiated.
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Table 8. Gestational age and pre-term birth

test unit

Gestational
age at birth

Beksac 2018

MFMU
(Berggren 2012)

MAMMA
(Berntorp 2015)

Davis 2018

Delibas 2018

Meek 2015

Biri 2009

50 g GCT

Network 50 g GCT —

100 g OGTT

759 OGTT

100 g OGTT

50 g GCT —
100 g OGTT

50 g GCT —
759 OGTT

100 g OGTT

<7.770 mmol/L (n=352)

7.770 to <8.880 mmol/L (n=165) Median
8.880 to 9.990 mmol/L (n=47) weeks
>9.990 (n=20) (range)
Glucose intolerant: 1h 50g 27.5 to <11.1
mmol/L (n=767)

Mean weeks
Mild untreated GDM: 22 of FPG 5.3 (SD)
mmol/L, 1h 10.0 mmol/L, 2h 8.6 mmol/L,
3h 7.8 mmol/L (n=371)
<5.7 mmol/L (n=2637)
5.7 to 6.4 mmol/L (n=2783)

n (%)
6.5 to 7.2 mmol/L (n=2819)
NGT (n=4941)
Mild hyperglycaemia (threshold unclear)
(n=544) Mean weeks
GDM/IADPSG ~ 2010-Only  (thresholds (SD)
unclear) (n=181)
NGT (n=316)

. . Mean weeks
Single high glucose value: 1 of FPG 5.3 (SD)
mmol/L, 1h 10.0 mmol/L, 2h 8.6 mmol/L,
3h 7.8 mmol/L (n=33)

NGT (n=2406)

Mean weeks
GDM/IADPSG 2010-Only: FPG 5.1 to 5.5 (95% CI)
mmol/L, 1h 210.0 mmol/L, 2h <7.8 mmol/L
(n=387)
NGT (n=1432)
Abnormal 50 g (>7.8 mmol/L), normal 100
g (n=326) Mean weeks
One abnormal 100 g: 1 of 1h 10.6 mmol/L, (SD)

2h 9.2 mmol/L, 3h 8.1 mmol/L (n=142)

37.0 (30 to 41)
37.0 (34 to 41)
38.0 (31to 40) NR
37.5 (36 to 40)

Hispanic: 39.4 (1.6)
Non-Hispanic white: 39 (1.5)
] p NR
Hispanic: 39.2 (1.6)
Non-Hispanic white: 38.7 (1.9)

37-41+6 weeks: 2345 (24.0)
242+0 weeks: 175 (26.5)

37-41+6 weeks: 2472 (25.3)
242+0 weeks: 163 (24.7) NR

37-41+6 weeks: 2502 (25.6)
242+0 weeks: 164 (24.8)
39.3(2.0)

NR
39.3 (2.0)

39.4 (1.9)
38.5(1.7)

NR
38.5 (1.3)

39.3 (39.3 o 39.4)

NR
39.1 (38.9 to 39.2)

39.0 (1.4)
38.6 (1.3)
NR

38.4 (1.4)

Ref
0.019
<0.001
NS

NR

0.006

NR

NS

NR

NR



One abnormal 100 g: 1 of FPG 5.3

mmol/L, 1h 10.0 mmol/L, 2h 8.6 mmol/L, 38.5(1.8)
50 g GCT — | 3 7.8 mmol/L (n=152) Mean weeks
Corrado 2009 100 g OGTT (SD) NR 0.06
NGT (n=624) 38.8 (1.6)
50 g GCT — = GDM by CC only (3h 7.8 mmol/L) (n=460) Median 39.3 (38.1t0 40.3)
Berggren 2011 100 g OGTT weeks NR NR
NGT (n=3117) (range) 39.3 (38.1 to 40.4)
Miyakoshi 2010 50g GCT — @ NGT (n=4512) 38.7 (1.9) NR NR
759 OGTT 2 hIGT (8.3 mmol/L) (n=108) Mean weeks = 38.5 (2.1)
(SD)
1 h IGT (10.0 mmol/L) (n=66) 38.6 (1.6)
Pre-term birth 50 g GCT Per 1 mmol/L increment NA NA OR 1.06 (0.96t0 @ NR
1.17)
FPG: OR 0.77
Farrar 2016 HTA | 75 gand 100 (0.62 to 0.96)
g OGTT Per 1 mmol/L increment NA NA 1h:NR NR
combined 2h:OR 1.07

(0.99 to 1.15)
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test unit

Glucose intolerant: 1h 50g 7.5 to <11.1 Hispanic: 35 (7)

mmol/L (n=767) Non-Hispanic white: 14 (6)
MFMU Network 50 g GCT — n (%) Hispanic: 23 (9) NR NR
(Berggren 2012) | 100 g OGTT | Mild untreated GDM: 22 of FPG 5.3 mmol/L, Non-Hispanic white: 134 (12)

1h 10.0 mmol/L, 2h 8.6 mmol/L,
3h 7.8 mmol/L (n=371)

<5.7 mmol/L (n=2637) 117 (20.0)
MAMMA 5.7 to 6.4 mmol/L (n=2783)
75 g OGTT n (%) 148 (25.3) NR 0.006
Berntorp 2015 =
( P ) 6.5 to 7.2 mmol/L (n=2819) 153 (26.2)
NGT (n=3185) 178 (5.6)
. 50 g GCT — 4 (4.3) OR0.75 (0.27 to
Jiang 2017 n (% NR
g 75gOGTT | GDM/IADPSG 2010-Only: FPG 5.1 to 5.4 () 2.07)
mmol/L, 2h 8.0 mmol/L (n=94)
NGT (n=4941) 455 (9.2) OR 1 (ref) Ref
0.899
. 50 g GCT — OR 102007510 5g9
Davis 2018 n (%) .38) 0.673
100 g OGTT 51 (9.4) AOR 1.243 (0.83  0-67

mictl_) EX;Jerglycaemia (threshold unclear) t0 1.86) 0.284



50 g GCT —

Delibas 2018 100 g OGTT

50 g GCT —

Meek 2015 759 OGTT

Cheng 2009 100 g OGTT

Biri 2009 50 g GCT —

100 g OGTT

Berggren 2011 1009 OGTT

GDM/IADPSG 2010-Only (thresholds
unclear) (n=181)
NGT (n=316)

Single high glucose value: 1 of FPG 5.3
mmol/L, 1h 10.0 mmol/L, 2h 8.6 mmol/L, 3h
7.8 mmol/L (n=33)

NGT (n=2406)

GDM/IADPSG 2010-Only: FPG 5.1 to 5.5
mmol/L, 1h 210.0 mmol/L, 2h <7.8 mmol/L
(n=387)

NGT (n=13,940)

GDM by CC only: FPG 5.3 mmol/L, 1h 10.0
mmol/L, 2h 8.6 mmol/L, 3h 7.8 mmol/L
(n=273)

NGT (n=1432)

Abnormal 50 g (>7.8 mmol/L), normal 100 g
(n=326)

One abnormal 100 g: 1 of 1h 10.6 mmol/L,
2h 9.2 mmol/L, 3h 8.1 mmol/L (n=142)
GDM by CC only (3h 7.8 mmol/L) (n=460)

NGT (n=3117)

Bolded results are indicated as statistically significant at p<0.05.
Abbreviations: AOR, adjusted odds ratio; APR, adjusted prevalence ratio; CC, Carpenter and Coustan; Cl, confidence interval; FPG, fasting plasma glucose; GCT, glucose challenge
test; GDM, gestational diabetes mellitus; HTA, Health Technology Assessment; IADPSG, International Association of Diabetes and Pregnancy Study Groups; IGT, impaired glucose
tolerance; MFMU, Maternal-Fetal Medicines Unit; NGT, normal glucose tolerance; NA, not applicable; NR, not reported; NS, not significant; OGTT, oral glucose tolerance test; OR,

odds ratio; SD, standard deviation.

n (%)

n (%)

n (%)

n (%)

n (%)

15 (8.3)

4 (1.4)

1(3.3)

127 (5.3)

29 (7.5)

0.4)

(0.6)

(1.4)
(9.5)

(7.0

66 (14)
403 (13)

OR 0.891 (0.52 to
1.52)

AOR 1.423 (0.75
to 2.71)

NS

AOR 1.36 (0.84

t0 2.18) 0.09

APR 1.09 (0.86 to
1.39)
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Pre-eclampsia and hypertension

Eight studies, including the Farrar 2016 SLR, reported on pre-eclampsia, 6 on hypertension
and 2 on pre-eclampsia or hypertension (Table 9).

Rates of pre-eclampsia were generally low in all studies and similar across all glucose
groups (0% to 7.2% for NGT and 0% to 13% for elevated glucose). Farrar 2016 reported
that for each 1 mmol/L increment of glucose the OR of pre-eclampsia was increased; this
ranged from 1.19 (95% CI 1.15 to 1.24) for glucose measured at 1 h (either 75 g or 100 g
OGTT) to 2.15 (95% CI 1.45 to 3.19) for fasting glucose in the same test.* Only 1 other
study found pre-eclampsia more likely in the elevated glucose group. Berggren 2011
reported an adjusted prevalence ratio (APR) of 1.47 (95% CI 1.02 to 2.13) for the elevated
glucose group (defined as untreated GDM according to the CC criteria) compared with
NGT.®° By contrast, Cheng 2009 reported a statistically non-significant adjusted OR (AOR)
of 1.30 (95% CI 0.71 to 2.38) for the elevated glucose group (similarly defined as untreated
GDM according to the CC criteria) compared to NGT.%° The GDMFU study also reported an
OR of 1.02 (95% CI 0.28 to 3.75) for women with glucose levels of 25.1 mmol/L (classified
as elevated) compared to <5.1 mmol/L (classified as NGT).>” The 5.1 mmol/L value was
based on FPG, rather than the more commonly employed 75 g or 100 g glucose bolus
dose, so is not directly comparable to the OGTT tests.

Results for pregnancy-induced hypertension were also varied. Where reported, ORs ranged
from 1.053 (95% CI 0.78 to 1.43; p=0.740)"°to 1.5 (95% CI 1.4 to 1.7; p<0.01)83 for
elevated glucose compared to NGT. In the supplementary ATLANTIC-DIP publication
(included here as this outcome was not reported separately by Farrar 2016), the ORs per 1
mmol/L increment of glucose were also inconclusive. ORs were 1.220 (95% CI 0.663 to
2.246), 1.049 (95% CI1 0.910 to 1.209) and 1.160 (95% CI 0.960 to 1.402) for FPG, 1 h 75 g
OGTT and 2 h 75 g OGTT, respectively.>?

In summary, of 8 studies reporting on pre-eclampsia, a statistically higher risk of the
outcome among women with abnormal glucose tolerance was only shown by 2 studies, the
others either not reporting a statistical comparison or reporting it to be statistically
nonsignificant (including the GDMFU trial, which could have identified a potential threshold
for elevated risk). It is noteworthy that 1 of the significant results is from the MA by Farrar.
Out of 6 studies reporting hypertension in pregnancy, 3 found that groups with abnormal
glucose were more at risk whereas the other 3 found no significant increase in risk or did



not report a statistical comparison. Given the above, it is unclear if there is an increased risk
of pre-eclampsia or hypertension in women with decreased glucose tolerance and it is not
possible to identify a specific threshold at which risk is increased.
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Table 9. Pre-eclampsia and hypertension

Study Glucose threshold Outcome value (n Risk (95% CI)
test %])

Pre-eclampsia 50 g GCT Per 1 mmol/L increment OR 1.25(1.13to
1.39)
FPG: OR 2.15 (1.45-
3.19)
Farrar 2016 HTA | 75 g and 100 g 1 h: OR 1.19
OGTT Per 1 mmol/L increment NA (1.15- NR
combined 1.24)
2 h: OR 1.23
(1.18-1.29)
GDMFU (L6pez <5.1 mmol/L (n=1193) 19 (1.7) OR 1.02 (0.28 to
del Val 2019) FPG 25.1 mmol/L (n=155) 3(2.1) 3.75) NS
NGT (n=316) 4(1.4)

509 GCT — Single high glucose value: 1 of FPG 5.3 mmol/L, 1(3.3)

Delibas 2018 100 g OGTT  1h 10.0 mmol/L, 2h 8.6 mmoliL, 3h 7.8 mmol/L R e
(n=33)
NGT (n=2406) 174 (7.2)
50 g GCT — .
Meek 2015 75 4 OGTT GDM/IADPSG 2010-Only: FPG 5.1 to 5.5 mmol/L, = 39 (10.1) NR NR
9 1h 210.0 mmol/L, 2h <7.8 mmol/L (n=387)
. NGT (n=13,940) NR (4.5)
Cheng 2009 igé’ G(g:GT_T) GDM by CC only: FPG 5.3 mmol/L, 1h 10.0 mmol/L, NR (6.2) éce,)gR) 1.30(0.71 10 NR
9 2h 8.6 mmol/L, 3h 7.8 mmol/L (n=273) :
NGT (n=1432) NR (1.5)
50 g GCT Abnormal 50 g (>7.8 mmol/L), normal 100 g NR (2.3)
iri 9 - n=326
Biri 2009 100 g OGTT ( ) NR NR
One abnormal 100 g: 1 of 1h 10.6 mmol/L, 2h 9.2 NR (2.1)
mmol/L, 3h 8.1 mmol/L (n=142)
20 50g GCT — | GDM by CC only (3h 7.8 mmol/L) (n=460) 53 (13) APR 1.47 (1.02 to Sianifi
Berggren 2011 100g OGTT | NGT (n=3117) 264 (8) 2.13) ignificant
NGT (n=4512) NR (1.8)
Mi . 50 g GCT — _
iyakoshi 2010 75 g OGTT 2 hIGT (8.3 mmol/L) (n=108) NR (0.9) NR NR
1 h IGT (10.0 mmol/L) (n=66) NR (0)
Pregnancy-induced Per 1 mmol/L increment (FPG) OR 1.220 (0.663 to
hypertension 2.246)
ATLANTIC-DIP Per 1 mmol/L increment (1 h glucose) OR 1.049 (0.910 to
(Dennedy 2012) 759 OGTT A 1.209) W
Per 1 mmol/L increment (2 h glucose) OR 1.160 (0.960 to

1.402)
Donovan 2017 50 g GCT — | Normal 50 g screen (n=144,191) 8028 (5.6) OR 1 (ref) Ref



759 OGTT

50 g GCT —

Davis 2018 100 g OGTT

Normal 75 g screen (n=21,248) 1550 (73) OR 1.3 (1.2t0 1.4)
HAPO 1.75: FPG 25.1 to <56.3 mmol/L,1h 210 to 390 (9.1) OR 15 (1.4to0 1.7)
<10.6 mmol/L, 2h =8.5 to <9.0 mmol/L (n=4308)
NGT (n=4941) 442 (8.9) OR 1 (ref)
OR 1.053 (0.78 to
. . 1.43)
Mild hyperglycaemia (threshold unclear) (n=544) 51 (9.4) AOR 1.080 (0.70 to
1.66)
OR 1.409 (0.89 to
GDM/IADPSG 2010-Only (thresholds unclear 2.22)
(n=181) & ) 22(12.2) AOR 1.215 (0.63 to
2.35)
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Outcome Study Glucose Glucose threshold Outcome value (n Risk (95% CI)
test [%])

50 g GCT —
Corrado 2009 100 g OGTT
50 g GCT —
Berggren 2011 100 g OGTT
. . 50 g GCT —
Miyakoshi 2010 759 OGTT
Pre-eclampsia or 50 g GCT
hypertension
Farrar 2016 HTA ' 75 g and 100
g OGTT
combined
MFMU  Network 50 g GCT —
(Berggren 2012) 100 g OGTT

Bolded results are indicated as statistically significant at p<0.05.

One abnormal 100 g: 1 of FPG 5.3 mmol/L, 1h

10.0 mmol/L, 2h 8.6 mmol/L, 21(13.8)

3h 7.8 mmol/L (n=152) NR

NGT (n=624) 27 (4.3)

GDM by CC only (3h 7.8 mmol/L) (n=460) 33(7) APR 1.48 (1.02 to

NGT (n=3117) 150 (5) 2.13)

NGT (n=4512) NR (1.9)

2 h IGT (8.3 mmol/L) (n=108) NR (2.8) NR

1 h IGT (10.0 mmol/L) (n=66) NR (4.6)

Per 1 mmol/L increment NA OR 1.02 (0.75to
1.38)
FPG: OR 1.91 (1.49
to 2.43) 1

; h: NR
Per 1 /L NA
er 1 mmol/L increment 2h: OR1.19 (1.08-

1.30)

Glucose intolerant: 1h 50g 27.5 to <11.1 mmol/L Hispanic: 38 (7)

(n=767) Non-Hispanic white: 27

(11

NR

Mild untreated GDM: 22 of FPG 5.3 mmol/L, 1h
10.0 mmol/L, 2h 8.6 mmol/L, 3h 7.8 mmol/L
(n=371)

Hispanic: 37 (15)
Non-Hispanic white: 13
11)

<0.01
<0.01

Ref

0.740
0.723
0.141
0.563
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p-value

0.001

NR

NR

NR

NR

Abbreviations: AOR, adjusted odds ratio; APR, adjusted prevalence ratio; CC, Carpenter and Coustan; Cl, confidence interval; FPG, fasting plasma glucose; GCT, glucose challenge
test; GDM, gestational diabetes mellitus; GDMFU, GDM Treatment Trial Follow-Up; HAPO, Hyperglycaemia and Adverse Pregnancy Outcomes; HTA, Health Technology Assessment;
IADPSG, International Association of Diabetes and Pregnancy Study Groups; IGT, impaired glucose tolerance; MFMU, Maternal-Fetal Medicines Unit; NGT, normal glucose tolerance;
NA, not applicable; NR, not reported; NS, not significant; OGTT, oral glucose tolerance test; OR, odds ratio; SD, standard deviation.
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Neonatal outcomes

The Farrar 2016 MA and 18 studies identified from the database searches reported on
at least 1 neonatal outcome.

Stillbirth and perinatal mortality

Four studies reported on stillbirth or perinatal mortality (n=3 and n=1, respectively) (Table
10).63 64,66 For all studies, rates of the events were very low across all groups (0% to 0.3%
for stillbirth; 0.1% for perinatal mortality). Furthermore, any potential differences cannot be
quantified as no study reported on measures of risk or levels of statistical significance. The 1
study that reported on perinatal mortality, Donovan 2017, also reported on stillbirth and
included large numbers of women in all glucose groups (21,248 to 144,191 women in the
normal glucose groups and 4308 in the elevated glucose group) only finding 599 deaths,
indicating that perinatal mortality and stillbirth are rare events and even the largest studies
may be underpowered to detect a difference in these outcomes.3

Based on the identified evidence, a glucose threshold above which the risk of these outcomes
would increase cannot be identified. The low number of events in both NGT and elevated
glucose groups may indicate that there is no association between glucose and stillbirth or
perinatal mortality.

Table 10. Stillbirth and perinatal mortality

Outcome Study Glucose test | Glucose threshold Outcome Risk p-value
value, n (%) | (95% ClI)

Stillbirth Normal 50 g screen (n=144,191) 343 (0.2)
Normal 75 g screen (n=21,248) 65 (0.3)

50 g GCT — 75
oyt 79 HAPO 1.75: FPG 25.1 to <5.3 mmoliL, th 13 (0.3)

210 to <10.6 mmol/L, 2h
28.5 to <9.0 mmol/L (n=4308)
NGT (n=3185) 0(0.3)

Donovan 2017

50gGCT —»75¢g

Jiang 2017 OGTT GDM/IADPSG 2010-Only: FPG 5.1 to 0 (0)
5.4 mmol/L, 2h 8.0 mmol/L (n=94)
NGT (n=2406) 5(0.2)
Meek 2015 50 g GCT — 75g GDM/IADPSG 2010-Only: FPG 5.1t0 5.5
OGTT mmol/L, 1h 210.0 mmol/L, 2h <7.8 1(0.3)
mmol/L (n=387)
Perinatal mortality Normal 50 g screen (n=144,191) 150 (0.1)
50 g GCT — 75 Normal 75 g screen (n=21,248) 22 (0.1)
Donovan 2017 23221 29 4aApo 1.75: FPG 25.1 to <5.3 mmol/L, th 6 (0.1)

210 to <10.6 mmol/L, 2h

28.5 to <9.0 mmol/L (n=4308)
Abbreviations: Cl, confidence interval; FPG, fasting plasma glucose; GCT, glucose challenge test; GDM, gestational diabetes mellitus; HAPO,
Hyperglycaemia and Adverse Pregnancy Outcomes; IADPSG, International Association of Diabetes and Pregnancy Study Groups; NGT,
normal glucose tolerance; NR, not reported; OGTT, oral glucose tolerance test.
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C-section, induction of labour and birth injury

Neither GDMFU nor the MAMMA study reported on C-section or induction of labour,
therefore no potential thresholds for elevated risk could be identified. Nevertheless, twelve
studies including Farrar 2016 reported on rates of C-section, reporting mixed results on
whether elevated glucose leads to a higher risk of this outcome. Rates ranged from 16.9%
to 54.8% in the NGT groups, and 22.7% to 63.4% in elevated glucose groups.>® 6 |n
addition to the Farrar 2016 MA, 1 other study reported ORs per 1 mmol/L increment in
glucose (based on 1 h 50 g GCT).”* Whilst Farrar 2016 reported an OR of 1.35 (95% CI
1.24 to 1.49) per 1 mmol/L increment, Ezell 2015 reported a range of AORs for overall,
parous and nulliparous populations, all of which were either not statistically significant
(p>0.05) or were under 1.05 (95% CI 1.00 to 1.05; AOR for nulliparous women, adjusted for
maternal age, pre-pregnancy BMI and prior C-section).”* The same study also reported
AORs for the comparison between 50 g GCT <7.5 mmol/L (NGT) and 27.5 mmol/L
(elevated glucose), also finding no association for nulliparous women and in AOR with large
Cls for parous women (5.1, 95% CI 0.7 to 37.4; p=0.113). However, of the 5 other studies
reporting measures of risk, all reported at least 1 comparison where the odds of C-section were
significantly higher for women with elevated glucose than NGT (Table 11).60 63, 64.69,70

Three studies reported on induction of labour, all of which presented results consistent with
induction of labour being greater in women with elevated glucose. In the Farrar 2016 MA,
ORs per 1 mmol/L increment of glucose were 1.31 (95% CI 1.14 to 1.50) and 1.10 (95% CI
1.04 to 1.16) for FPG and 2 h 75 g/100g OGTT, respectively.* In Donovan 2017, women in
the HAPO 1.75 group (defined as at least 1 abnormal value on the 75 g OGTT
corresponding to glucose values that were associated with an AOR of 1.75 for specified
adverse events in the HAPO study) had an OR of 1.1 (95% CI 1.0 to 1.2; p<0.01) compared
to women with a normal 50 g glucose screen.® Similarly, the frequency of induction of labour
was significantly higher in women with GDM as defined by the CC criteria compared with
those with NGT (32% vs 25%; p-value 'significant’).59

Several studies reported subsets of outcomes related to birth injury, including trauma during
vaginal delivery (n=2), shoulder dystocia (n=5) and 3 or 4" degree lacerations (n=3).
Trauma during vaginal delivery was reported as significantly lower for women with NGT
(FPG<5.1 mmol/L) compared with elevated (FPG=5.1 mmol/L) glucose in the GDMFU study
(OR 3.10, 95% CI 1.15 to 8.32; p=0.02),%" but this was not significantly different in another
study (Cheng 2009) reporting this outcome (AOR 1.26, 95% CI 0.66 to 2.42; p=0.43).50 The
number of included women was higher in Cheng 2009 (13,940 women) compared with
GDMFU (1193 women), and the OR in Cheng 2009 was adjusted for potential confounding
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factors: parity, maternal age, race or ethnicity, gestational weight gain, gestational age at
delivery, year of delivery, epidural anaesthesia and induction of labour; therefore, the estimate
from Cheng 2009 may be more robust. This is particularly

of note given that the GDMFU study reported on a potential threshold for elevated

glucose, suggesting that it may not be reliable to draw conclusions on FPG 5.1 mmol/L

being a threshold for increased risk, based on the GDMFU study alone.>: 60

For shoulder dystocia, the results from Farrar 2016 per 1 mmol/L increment of glucose
supported an increased risk of outcome with increasing glucose (ORs ranging from 1.26,
95% CI 1.10 to 1.43 for 1 h 50 g GCT, to 1.97, 95% CI 1.36 to 2.85 for FPG). Similarly,
Cheng 2009 reported an AOR of 2.24 (95% CI 1.03 to 4.88) for shoulder dystocia in women
with elevated glucose.®° However, similar results were not found in the other 3 studies
reporting this outcome, with ORs ranging from 0.540 (95% CI1 0.19 to 1.50; p=0.236) to 1.592
(95% CI 0.69 to 3.68; p=0.276).54 6% 70 Of note, the lower and upper range of ORs were
reported in the same study in this case, which compared 2 categories of elevated glucose
with NGT, suggesting that the way elevated glucose is defined may have a strong effect on
the risk to shoulder dystocia.”® No significant differences were reported in any of the 3
studies reporting on lacerations (p>0.05), with measures of risk ranging from an APR of 0.83
(95% CI1 0.48 to 1.44) to an OR of 1.655 (95% CI1 0.91 to 3.02; p=0.101) for elevated glucose
compared to NGT (Table 11).

Other outcomes related to parturition that were reported included spontaneous vertex
delivery, instrumental delivery and postpartum haemorrhage, showing no difference
between elevated glucose and NGT groups. Full details of these results are presented in
Appendix 2.

In summary, while there was an association between elevated glucose and increased risk of
C-section and induction of labour, no specific glucose threshold risk was identified as this
was not reported in any study looking at specific thresholds. Associations between glucose
and risk were inconsistent for should dystocia, trauma during delivery and lacerations.
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Table 11. C-section, induction of labour and birth injury

Study Glucose test | Glucose threshold Risk (95% CI)
n (%)

C-section 509 GCT Per 1 mmol/L increment OR 1.35(1.23to 1.49)
75 g and 100 g FPG: OR 1.59 (1.49 to
Farrar 2016 HTA = OGTT combined . 1.70)
Per 1 mmol/L increment NA 1 h: OR 1.18 (1.15 to 1.20) NR
2 h: OR 1.10 (0.96 to 1.25)
Normal 50 g screen (n=144,191) 37,455 (26.0) OR 1 (ref) Ref
bonovan 2017 | 509 GCT — 75 Normal 75 g screen (n=21,248) 6535 (30.8) OR1.2(1.1t01.2) <0.01 <0.01
g OGTT HAPO 1.75: FPG 25.1 to <5.3 mmol/L,1h 210 to 1561 (36.2) OR 1.4 (1.3t0 1.5)
<10.6 mmol/L, 2h 28.5 to <9.0 mmol/L (n=4308)
NGT (n=3185) 536 (20.1)
. 50g GCT — 75 .
Jiang 2017 GDM/IADPSG 2010-Only: FPG 5.1 to 5.4 mmol/L, 24 (33.8) OR 2.03 (1.23 to 3.35) p<0.05
g OGTT _
2h 8.0 mmol/L (n=94)
NGT (n=4941) 1267 (25.6) OR 1 (ref) Ref
Mild hyperglycaemia (threshold unclear) (n=544) 175 (32.2) OR 1.375 (1.14 to 1.66) AOR 0:001 0.202
Davis 2018 509 GCT — 1.181 (0.91 to 1.52) 0.444
100 g OGTT 0.377
GDM/IADPSG 2010-Only (thresholds unclear) 51 (28.2) OR 1.138 (0.82 to 1.58) AOR
(n=181) 0.810 (0.51 to 1.29)
NGT (n=316) 90 (28.5)
. 50 g GCT — Single high glucose value: 1 of FPG 5.3 mmol/L,
Delibas 2018 100 g OGTT 1h 10.0 mmoliL, 2h 8.6 mmol/L, 3h 7.8 mmoliL 11 (33.3) a N
(n=33)
<7.5 mmol/L (n unclear) NR Parous: AOR 5.1 (0.7 to 0.113
27.5 mmol/L (n unclear) NR 37.4) o NR
Nulliparous: no association
Overall: OR 1.01 (1.00 to 0.131 0.356
1.03) 0.856 0.884
Overall: AOR1.01 (1.00to  0.034
1.03) 0.029
Ezell 2015 50 g GCT Parous: OR 1.00 (0.98 to
1.02)
Per 1 mmol/L increment (1 h glucose) NA Parous: AOR 1.00 (0.98 to
1.02)
Nulliparous: OR 1.03 (1.00 to
1.05)
Nulliparous: AOR 1.05 (1.00
to 1.05)
NGT (n=2406) 473 (19.7)
50g GCT — 75 .
Meek 2015 g OGTT GDM/IADPSG 2010-Only: FPG 5.1 to 5.5 mmol/L, @ 94 (24.3) NR NR

1h 210.0 mmol/L, 2h <7.8 mmol/L (n=387)
Verd 2016 50 g GCT — NGT (n=616) NR (79) NR 0.67



Cheng 2009

Biri 2009

Corrado 2009

100 g OGTT

50 g GCT —
100 g OGTT

50 g GCT —

100 g OGTT

50 g GCT —
100 g OGTT

MIGT (7.8 mmol/L to <10.6 mmol/L) (n=152) NR (21)
NGT (n=13,940) NR (16.9)

GDM by CC only: FPG 5.3 mmol/L, 1h 10.0 mmol/L, NR (22.7)
2h 8.6 mmol/L, 3h 7.8 mmol/L (n=273)

NGT (n=1432) NR (54.8)
Abnormal 50 g (>7.8 mmol/L), normal 100 g NR (63.1)
(n=326)

One abnormal 100 g: 1 of 1h 10.6 mmol/L, 2h 9.2 NR (63.4)
mmol/L, 3h 8.1 mmol/L (n=142)

One abnormal 100 g: 1 of FPG 5.3 mmol/L, 1h 85 (56)

10.0 mmol/L, 2h 8.6 mmol/L,

UK NSC external review — Screening for Gestational Diabetes

S Glucose test | Glucose threshold Risk (95% ClI) p-value
(%)

Induction of
labour

Trauma
during vaginal
delivery

Shoulder
dystocia

Berggren 2011

Farrar 2016 HTA

Donovan 2017

Berggren 2011

GDMFU (Lépez
del Val 2019)

Cheng 2009

Farrar 2016 HTA

Jiang 2017

50 g GCT —
100 g OGTT

75gand 100 g
OGTT combined

509 GCT - 75
g OGTT

50 g GCT —
100 g OGTT

FPG

50 g GCT —
100 g OGTT

50 g GCT

75gand 100 g
OGTT combined

3h 7.8 mmol/L (n=152)

NGT (n=624) 243 (39)
GDM by CC only (3h 7.8 mmol/L) (n=460) 160 (35)
NGT (n=3117) 942 (30)
Per 1 mmol/L increment NA

Normal 50 g screen (n=144,191)

Normal 75 g screen (n=21,248) 5887 (27.7)
HAPO 1.75: FPG 25.1 to <5.3 mmol/L,1h 210 to 1274 (29.6)
<10.6 mmol/L, 2h =8.5 to <9.0 mmol/L (n=4308)

GDM by CC only (3h 7.8 mmol/L) (n=460) 149 (32)
NGT (n=3117) 772 (25)
<5.1 mmol/L (n=1193) 19 (1.6)
>5.1 mmol/L (n=155) 9(5.7)
NGT (n=13,940) NR (3.7)
GDM by CC only: FPG 5.3 mmol/L, 1h 10.0 NR (4.4)
mmol/L, 2h 8.6 mmol/L, 3h 7.8 mmol/L (n=273)

Per 1 mmol/L increment NA

Per 1 mmol/L increment NA

NGT (n=3185) 215 (6.8)

39,611 (27.5)

NR
AOR 1.44 (1.01 to 2.07) <0.001
NR NR
Page 62
NR 0.0001

APR 1.16 (1.04 to 1.30) NR
FPG:OR 1.31 (1.14 to

1.50)

1h: NR NR
2h: OR 1.10 (1.04 to 1.16)

OR 1 (ref)

OR 1.0 (1.0 t0 1.0) gi;
OR 1.1 (1.0to0 1.2) <0.01
NR Significant
OR 3.10 (1.15 to 8.32) 0.02
AOR 1.26 (0.66 t0 2.42) 0.43
OR 1.26 (1.10 to 1.43) NR
FPG: OR 1.97 (1.36 to

2.85)

1h: NR NR
2h: OR 1.38 (1.22 to 1.56)

OR 0.78 (0.31 to 1.93) NR



509 GCT — 75 GDM/IADPSG 2010-Only: FPG 5.1 to 5.4 mmol/L, @ 5 (5.3)

g OGTT 2h 8.0 mmol/L (n=94)
NGT (n=4941) 104 (2.1) OR 1 (ref) Ref
Mild hyperglycaemia (threshold unclear) (n=544) 11 (2.0) OR 0.953 (0.51 to 1.79) 8222
Davis 2018 51"3 él GggT—T’ AOR 0.540 (0.19 to 1.50) 0550
g GDM/IADPSG 2010-Only (thresholds unclear) 6 (3.4) OR 1.592 (0.69 to 3.68) 0.669
(n=181) AOR 1.294 (0.40 to 4.21)
NGT (n=13,940) (1.7)
50 g GCT — .
Cheng 2009 1000 OGTT GDM by CC only: FPG 5.3 mmol/L, 1h 10.0 (3.3) AOR 2.24 (1.03 to 4.88)
9 mmol/L, 2h 8.6 mmol/L, 3h 7.8 mmol/L (n=273)
Berggren 2011 50 g GCT — GDM by CC only (3h 7.8 mmol/L) (n=460) 24 (5) APR 1.41 (0.91to 2.18)
UK NSC external review — Screening for Gestational Diabetes
100 g OGTT NGT (n=3117) 109 (4)
Lacerations NGT (n=4941) 203 (4.2) OR 1 (ref) Ref
Ejs(;gf:e) 50 g GCT Mild hyperglycaemia (threshold unclear) (n=544) 30 (5.5) OR 1.352 (0.91 to 2.01) gégi
. — AOR 1.024 (0.591t0 1.78 ’
Davis 2018 1005 OGTT (05910 1.78) 0.101
GDM/IADPSG 2010-Only (thresholds unclear) 12 (6.7) OR 1.655 (0.91 to 3.02) 0.882
(n=181) AOR 0.925 (0.33 to 2.58)
NGT (n=13,940) (9.0)
50 g GCT — i
Cheng 2009 100 0 OGTT GDM by CC only: FPG 5.3 mmol/L, 1h 10.0 (11.4) AOR 1.16 (0.73 to 1.86) 0.14
g mmol/L, 2h 8.6 mmol/L, 3h 7.8 mmol/L (n=273)
B 2011 50 g GCT — GDM by CC only (3h 7.8 mmol/L) (n=460) 14 (3) APR 0.83 (0.48 to 1.44
erggren 100 g OGTT NGT (n=3117) 118 (4) 83 (048 10 1.44)

Bold results are significant at p<0.05

Abbreviations: AOR, adjusted odds ratio; APR, adjusted prevalence ratio; CC, Carpenter and Coustan; Cl, confidence interval; FPG, fasting plasma glucose; GCT, glucose challenge
test; GDM, gestational diabetes mellitus; GDMFU, GDM Treatment Trial Follow-Up; HAPO, Hyperglycaemia and Adverse Pregnancy Outcomes; HTA, Health Technology Assessment;
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IADPSG, International Association of Diabetes and Pregnancy Study Groups; MIGT, mild impairment of glucose tolerance; NGT, normal glucose tolerance; NR, not reported; OGTT,
oral glucose tolerance test.
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Macrosomia, LGA and birth weight

Eleven studies including Farrar 2016 reported on macrosomia. The majority of those
reporting a measure of risk found a strong association between elevated glucose and
macrosomia with ORs ranging from 1.876 (95% CI 1.08 to 3.25; p=0.025)"° to 4.47 (95% ClI
2.26 to 8.86; p=0.01).%° This included the GDMFU study, which found that a FPG threshold
of 25.1 mmol/L was associated with a significantly higher rates of macrosomia than below
this threshold when using an unadjusted odds ratio (p<0.05).5” Similar results were reported
by Farrar 2016 with ORs of 1.14 (95% CI 1.10 to 1.18) to 2.06 (95% CI 1.86 to 2.28) per 1
mmol/L increment as measured by the 1 h 50 g GCT and FPG, respectively.* However, no
association was found between 1 of the elevated glucose groups in Davis 2018, classified
as 'mild hyperglycaemia’, and NGT (OR 1.196, 95% CI 0.90 to 1.59; p=0.222; AOR 0.988,
95% CI 0.66 to 1.48; p=0.955).7° Moreover, when adjusted for BMI, age and previous GDM,
the OR reported in the GDMFU study for the elevated glucose group decreased from 2.42
(95% CI 1.27 to 4.62; p<0.05) to 1.50 (95% CI 0.63 to 3.57; p=0.3).5” Excluding one study
from Japan, where rates of macrosomia were reported as 0% for elevated glucose and
0.7% for NGT,®” proportions in the elevated glucose groups ranged from 4.0% to 28.9%
compared with 1.6% to 16.8% in the NGT groups.®° 66

Twelve studies including Farrar 2016 reported on LGA. Similarly to the results for
macrosomia, the majority of those reporting on measures of risk found significant
associations between elevated glucose and LGA, ranging from OR 1.09 (95% CI 1.01 to
1.18; p=0.028)%8 to 4.28 (95% CI 2.24 to 8.18; p<0.001).%° This included the MAMMA study,
which found a significantly higher rate of LGA in women meeting a threshold of 6.5 to 7.2
mmol/L on a 75 g OGTT test compared with thresholds of >5.7 mmol/L or 5.7 to 6.4 mmol/L
(p<0.001).%8 Cheng 2009 reported the highest ORs for both macrosomia and LGA (see
Table 12).%°

Studies reporting on birth weight (n=6) were less informative than those reporting on
macrosomia or LGA, with no measures of mean difference presented in any study. One
study found no significant difference between median birth weights in the NGT and elevated
glucose groups (3272 g vs 3395 g; p=0.018)"2 whilst another found that mean birth weight
was significantly lower for women with reactive hypoglycaemia compared with NGT and
women with a single high glucose value (2852.0 + 544.6 g vs 3282.4 + 452.8 g or 3290.6 +
510.5 g; p<0.05).62
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Table 12. Macrosomia, LGA and birth weight

unit

Macrosomia

Farrar 2016
HTA

GDMFU
(L6pez del Val
2019)

Donovan 2017

MFMU
Network
(Berggren
2012)

Davis 2018

Meek 2015

Cheng 2009

Biri 2009

Corrado 2009

50 g GCT

75gand 100 g
OGTT
combined

FPG

50 g GCT —
759 OGTT

50 g GCT —
100 g OGTT

50 g GCT —
100 g OGTT

50 g GCT —
759 OGTT

100 g OGTT

100 g OGTT

50 g GCT —
100 g OGTT

Per 1 mmol/L increment

Per 1 mmol/L increment NA

<5.1 mmol/L (n=1193)
25.1 mmol/L (n=155) n (%)

Normal 50 g screen (n=144,191)

Normal 75 g screen (n=21,248)

HAPO 1.75: FPG 25.1 to <5.3 n (%)
mmol/L,1h 210 to <10.6 mmol/L, 2h

28.5 to <9.0 mmol/L (n=4308)

Glucose intolerant: 1h 50g 27.5 to
<11.1 mmol/L (n=767)

0,
Mild untreated GDM: 22 of FPG 5.3 " (%)

mmol/L, 1h 10.0 mmol/L, 2h 8.6

mmol/L, 3h 7.8 mmol/L (n=371)

NGT (n=4941)

Mild hyperglycaemia (threshold

unclear) (n=544) n (%)

GDM/IADPSG 2010-Only
(thresholds unclear) (n=181)

NGT (n=2406)
GDMI/IADPSG 2010-Only: FPG 5.1

to 5.5 mmoliL, 1h 210.0 mmoliL, 2h " (%0)
<7.8 mmol/L (n=387)

NGT (n=13,940)

GDM by CC only: FPG 5.3 mmol/L, n (%)

1h 10.0 mmol/L, 2h 8.6 mmol/L, 3h
7.8 mmol/L (n=273)

NGT (n=1432)

Abnormal 50 g (>7.8 mmol/L), normal
100 g (n=326)

One abnormal 100 g: 1 of 1h 10.6 n (%)
mmol/L,

2h 9.2 mmol/L, 3h 8.1 mmol/L
(n=142)

One abnormal 100 g: 1 of FPG 5.3
mmol/L, 1h 10.0 mmol/L, 2h 8.6
mmol/L,

3h 7.8 mmol/L (n=152)

NGT (n=624)

n (%)

NA

40 (4.3)
12 (7.2)

13,924 (9.5)

2385 (11.0)
594 (13.5)

Hispanic: 62 (12) Non-
Hispanic white: 23 (9)

Hispanic: 40 (16) Non-
Hispanic white: 17 (15)

455 (9.2)
59 (10.8)

32 (17.8)
403 (16.8)
112 (28.9)
NR (1.6)
NR (4.0)

NE (5.8)
NE (8.3)

NR (12.7)

19 (12.5)

39 (6.2)

OR 1.14 (1.10 to 1.18)

FPG: OR 2.06 (1.86 to 2.28)
1h: NR
2 h: OR 1.21 (1.16 to 1.26)

OR 1 (ref)
OR 2.42 (1.27 to 4.62) AOR?
1.50 (0.63 to 3.57)

NR

OR 1 (ref)

OR 1.196 (0.90 to 1.59) AOR
0.988 (0.66 to 1.48)

OR 2.126 (1.43 to 3.15) AOR
1.876 (1.08 to 3.25)

NR

AOR 4.47 (2.26 t0 8.86)

NR

NR

NR

Ref
<0.05
0.3

NR

NR

Ref
0.222
0.955
0.0002
0.025

NR

0.01

NR

0.01
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Berggren 2011

Miyakoshi 2010

LGA

Farrar 2016
HTA

Donovan 2017

MFMU
Network
(Berggren
2012)

MAMMA
(Berntorp
2015)

Jiang 2017

Davis 2018

Delibas 2018

Meek 2015

Cheng 2009

50 g GCT —
100 g OGTT

50 g GCT —
759 OGTT

50 g GCT

GDM by CC only (3h 7.8 mmol/L)
(n=460)

NGT (n=3117)

NGT (n=4512)

2 h IGT (8.3 mmol/L) (n=108)
1 h IGT (10.0 mmol/L) (n=66)
Per 1 mmol/L increment

n (%)

n (%)

NA

78 (17)

411 (13)
NR (0.7)
NR (0)
NR (0)
NA

APR 1.25 (1.01 to 1.56)

NR

OR 1.32 (1.19 to 1.46)

Glucose test | Glucose threshold Risk (95% Cl)
unit

75 g and 100 g

OGTT combined pPer 1 mmol/L increment

50 g GCT —
759 OGTT

50 g GCT —
100 g OGTT

759 OGTT

50 g GCT —
759 OGTT

50 g GCT —
100 g OGTT

50 g GCT —
100 g OGTT

50 g GCT —
759 OGTT

50 g GCT —

Normal 50 g screen (n=144,191)
Normal 75 g screen (n=21,248)
HAPO 1.75: FPG 25.1 to <5.3
mmol/L,1h 210 to <10.6 mmol/L, 2h
28.5 to <9.0 mmol/L (n=4308)
Glucose intolerant: 1h 50g 27.5 to

<11.1 mmol/L (n=767)

Mild untreated GDM: 22 of FPG 5.3
mmol/L, 1h 10.0 mmol/L, 2h 8.6
mmol/L, 3h 7.8 mmol/L (n=371)

<5.7 mmol/L (n=2637)
5.7 to 6.4 mmol/L (n=2783)
6.5 to 7.2 mmol/L (n=2819)

Per 1 mmol/L increment (2 h glucose)

NGT (n=3185)

GDM/IADPSG 2010-Only: FPG 5.1 to
5.4 mmol/L, 2h 8.0 mmol/L (n=94)

NGT (n=4941)

Mild hyperglycaemia (threshold

unclear) (n=544)
GDM/IADPSG 2010-Only

(thresholds unclear) (n=181)

NGT (n=316)

Single high glucose value: 1 of FPG
5.3 mmol/L, 1h 10.0 mmol/L, 2h 8.6
mmol/L, 3h 7.8 mmol/L (n=33)

NGT (n=2406)

GDM/IADPSG 2010-Only: FPG 5.1 to
5.5 mmol/L, 1h 210.0 mmol/L, 2h

<7.8 mmol/L (n=387)
NGT (n=13,940)

n (%)

n (%)

n (%)

n (%)

n (%)

n (%)

n (%)

n (%)

12,045 (8.2)
2270 (10.5)
628 (14.2)

Hispanic: 63 (12)

Non-Hispanic white:

22 (9)

Hispanic: 38 (15)
NonHispanic white:
16 (14)

115 (20.1)

110(19.2)
166 (27.3)

NA

298 (9.4)
19 (20.2)

530 (10.8)
66 (12.1)

34 (18.9)
9(2.8)
1(3.0)
406 (16.9)
115 (29.7)

NR (1.3)

FPG: OR 2.11 (1.73 to 2.58)

1h: OR 1.24 (1.20 to 1.27)
2 h: OR 1.22 (1.19 to 1.25)

OR 1 (ref)
OR 1.3 (1.2to 1.4)
OR 1.7 (1.6 t0 1.9)

NR

OR 1.09 (1.01 to 1.18)

OR 2.45 (1.46 to 4.12)
OR 1 (ref)

OR 1.145 (0.87 to 1.50)
AOR 0.938 (0.64 to 1.37)

OR 1.932 (1.32 to 2.84)
AOR 1.466 (0.85 t0 2.53)

NR

NR

AOR 4.28 (2.24 to 8.18)

Significant

NR

NR

p-value

NR

Ref
<0.01
<0.01

NR

<0.001

0.028

<0.005

Ref
0.330
0.741
0.0008
0.171

NR

NR

<0.001
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Biri 2009

LIFECODES
(Noor 2019)

100 g OGTT

50 g GCT —
100 g OGTT

50 g GCT

GDM by CC only: FPG 5.3 mmol/L,
1h 10.0 mmol/L, 2h 8.6 mmol/L, 3h
7.8 mmol/L (n=273)

NGT (n=1432)

Abnormal 50 g (>7.8 mmol/L),
normal 100 g (n=326)

One abnormal 100 g: 1 of 1h 10.6
mmol/L,

2h 9.2 mmol/L, 3h 8.1 mmol/L
(n=142)

<6.7 mmol/L (120 mg/dL) (n=198)

6.7 to < 7.8 mmol/L (120 to <140
mg/dL) (n=47)

27.8 mmol/L (2140 mg/dL) without
GDM (n=32_

NGT (n=4512)

n (%)

n (%)

n (%)

NR (5.1)

NR (8.0)
NR (12.0)

NR (14.8)

13 (7)
5(11)

7 (22)

NR (6.4)

NR

NR

NR

NR

NR

Ref

unit

Miyakoshi 2010

Birth weight

Donovan 2017

Beksac 2018

MFMU
Network
(Berggren
2012)

Delibas 2018

Verd 2016

Miyakoshi 2010

Bold results are significant at p<0.05

50 g GCT —
759 OGTT

50 g GCT —
759 OGTT

50 g GCT

100 g OGTT

50 g GCT —

2 h IGT (8.3 mmol/L) (n=108)

1 h IGT (10.0 mmol/L) (n=66)
Normal 50 g screen (n=144,191)
Normal 75 g screen (n=21,248)
HAPO 1.75: FPG 25.1 to <6.3

mmol/L,1h 210 to <10.6 mmol/L, 2h

28.5 to <9.0 mmol/L (n=4308)
<7.770 mmol/L (n=352)

7.770 to <8.880 mmol/L (n=165)
8.880 to 9.990 mmol/L (n=47)
>9.990 (n=20)

Glucose intolerant: 1h 50g 27.5 to

<11.1 mmol/L (n=767)

Mild untreated GDM: =2 of FPG 5.3
mmol/L, 1h 10.0 mmol/L, 2h 8.6
mmol/L, 3h 7.8 mmol/L (n=371)

NGT (n=316)

100 g OGTT 50 = single high glucose value: 1 of FPG

g GCT — 100
g OGTT

50 g GCT —
100 g OGTT

50 g GCT —
759 OGTT

5.3 mmol/L, 1h 10.0 mmol/L, 2h 8.6
mmol/L, 3h 7.8 mmol/L (n=33)

NGT (n=616)

MIGT (7.8 mmol/L to <10.6 mmol/L)
(n=152)

NGT (n=4512)

2 hIGT (8.3 mmol/L) (n=108)

1 h IGT (10.0 mmol/L) (n=66)

Mean g (SD)

Median g
(range)

Mean g (SD)

Mean g (SD)

Median g
(range)

Mean g (SD)

NR (5.6)
NR (14.6)
3345.6 (538.5)

3345 (570.6)
3377 (605.7)

3100 (1150 to 3910)
3200 (1770 to 4150)
3720 (2000 to 4280)
3865 (2520 to 4320)

Hi%)anic: 3431 (499)
3344 (510)
Hispanic: 3478 (543)

Non-Hispanic white:
Non-Hispanic white:

3388 (630)
3282.4 (452.8)
3290.6 (510.5)

3272 (1995 to 4800)
3395 (2050 to 4390)

2957 (461)
2955 (439)
3041 (401)

NR

NR

NR

NR

NR

NR

NR <0.05

NR

NR

NR

NR

0.018

NR
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Abbreviations: AOR, adjusted odds ratio; APR, adjusted prevalence ratio; Cl, confidence interval; FPG, fasting plasma glucose; GCT, glucose challenge test; GDM, gestational

diabetes mellitus; GDMFU, GDM Treatment Trial Follow-Up; HAPO, Hyperglycaemia and Adverse Pregnancy Outcomes; HTA, Health Technology Assessment; IADPSG,
International Association of Diabetes and Pregnancy Study Groups; IGT, impaired glucose tolerance; MFMU, Maternal-Fetal Medicines Unit; MIGT, mild impairment of glucose
tolerance; NGT, normal glucose tolerance; NR, not reported; OGTT, oral glucose tolerance test.
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Respiratory distress, congenital malformation, neonatal hypoglycaemia and admission to NICU

The 1 study that reported on respiratory distress (GDMFU) found no significant difference
between women with FPG thresholds of <5.1 and 25.1 mmol/L (4.6 % vs 5.1%, OR 1.03,
95% CI 0.34 to 3.1; p not significant).>” Similarly, the results from the supplementary
publication on the ATLANTIC-DIP cohort did not suggest any association between
incremental glucose and congenital malformation (OR 0.903, 95% CI 0.309 to 2.635 for
FPG to 1.095, 95% CI 0.856 to 3.960 for 1 h 75 g OGTT)>? (Table 13).

A higher number of studies reported on neonatal hypoglycaemia (n=6) and admission to
NICU (n=7) (Table 13). For neonatal hypoglycaemia, Farrar 2016 reported ORs of 1.37
(95% CI1 1.20to 1.57) and 1.13 (95% CI 1.09 to 1.18) per 1 mmol/L incremental glucose as
measured by FPG and 2 h 75 g/100 g OGTT, respectively. The other 2 studies, including
the GDMFU comparing glucose thresholds, did not find ORs for NGT to be lower compared
to elevated glucose (0.98, 95% CI 0.27 to 3.55; p not significant®>” and 0.93, 95% CI 0.34 to
2.55%9), The rates of neonatal hypoglycaemia were generally low, ranging from 0.4% to
4.1% for NGT and 1.2% to 6.2% for elevated glucose,>® 61 with the exception of the MFMU
Network study, where neonatal hypoglycaemia was reported in up to 21% of Hispanic
women.%°

Only 3 studies reported on measures of risk for admission to NICU and found no statistical
difference between the elevated glucose and NGT groups. The GDMFU study reported an
OR of 1.60 (95% CI 0.94 to 2.73; p=0.08) for elevated FPG above 5.1 mmol/L compared to
<5.1 mmol/L, which changed to 1.50 (95% CI 0.78 to 2.89; p not significant) when adjusted
for BMI and C-section.” Berggren 2011 reported an APR of 1.15 (95% CI 0.99 to 1.33) for
elevated glucose compared to NGT,% and Cheng 2009 found no association (AOR 0.99,
95% CI 0.54 to 1.77).%° Of the remaining 4 studies, Delibas 2018 reported that whilst
admission to NICU was significantly lower in women with NGT compared to groups with
reactive hyperglycaemia (9.2% vs 26.7%; p<0.05), there was no significant difference
between NGT and elevated glucose.5?
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Table 13. Respiratory distress, congenital malformation, neonatal hypoglycaemia and admission to NICU

Study Glucose test Glucose threshold Risk (95% ClI)
unit

Respiratory GDMFU <5.1 mmol/L (n=1193) 54 (4.6)
distress (Lépe;z delVal | ppg 25.1 mmol/L (n=155) n (%) 8(5.1) OR 1.03 (0.34 to 3.21) NS
2019 '
FPG Per 1 mmol/L increment OR 0.903 (0.309 to 2.635)
c ital ATLANTIC-DIP | 759gOGTT1h Per 1 mmol/L increment OR 1.095 (0.856 to 3.960)
ongenita (Dennedy glucose NA NA NR
malformation 2012 :
) 759 OGTT 2h Per 1 mmol/L increment OR 1.064 (0.770 to 1.472)
glucose
50 g GCT Per 1 mmol/L increment NA NA OR 1.38 (1.00 to 1.92) NR
FPG: OR 1.37 (1.20 to
Farrar 2016 1.57)
' NR
HTA ESGg;nc(:Jr:;%?n%d Per 1 mmol/L increment NA NA 1h: NR
2h: OR 1.13 (1.09 to
1.18)
GDMFU <5.1 mmol/L (n=1193) 26 (2.2)
(2IE)01%E;Z del Val FPG 251 mmollL (n=155) n (%) 4(2.6) OR 0.98 (0.27 to 3.55), NS
Glucose intolerant: 1h 50g 27.5 to <11.1 Hispanic: 84 (21)
mmol/L (n=767) Non-Hispanic
?{Ialztggrgstwork 50 g GCT — 100 g i white: 25 (13) - -
2012) OGTT Mild untreated GDM: 22 of FPG 5.3 n (%) Hispanic: 30 (15)
mmol/L, 1h 10.0 mmol/L, 2h 8.6 mmol/L, Non-Hispanic
Neonatal 3h 7.8 mmol/L (n=371) white: 13 (14)
hypoglycaemia NGT (n=13,940) NR (1.7)
50g GCT — 100 g GDM by CC only: FPG 5.3 mmol/L, 1h o
Cheng 2009 o7y 10.0 mmol/L, 2h 8.6 mmoliL, 3h 7.8 n (%) R (L8) AOR0.93(0:3410255) IR
mmol/L (n=273)
NGT (n=1432) NR (0.4)
Abnormal 50 g (>7.8 mmol/L), normal 100 NR (1.2)
Biri 2009 g(gngc;T —100g | g(n=326) n (%) NR NR
One abnormal 100 g: 1 of 1h 10.6 mmol/L,
2h 9.2 mmol/L, 3h 8.1 mmol/L (n=142) NR (3.5)
50g GCT — 100 g One abnormal 100 g: 1 of FPG 5.3
OGTT 509 GCT 3h 7.8 mmol/L (n=152) 9 (6.2)
Corrado 2009 | _, 100 g OGTT NGT (n=13,940) n (%) NR 0.4
mmol/L, 1h 10.0 mmol/L, 2h 8.6 mmol/L, 26 (4.1)
GDMFU FPG n (%) 134 (11.2) OR 1 (ref) Ref



Admission to (L6pez del Val

NICU 2019)
MFMU Network
(Berggren 50g GCT — 100 g
2012) OGTT
Delibas 2018

<5.1 mmol/L (n=1193)
25.1 mmol/L (n=155)

Glucose intolerant: 1h 50g 27.5 to <11.1
mmol/L (n=767)
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509 GCT — 100 g
OGTT

50gGCT —»75¢g

Meek 2015 OGTT

50g GCT —- 100 g
Cheng 2009 OGTT
Biri 2009 509 GCT — 100 g

OGTT

509 GCT — 100 g

Berggren 2011 OGTT

n (%)
Mild untreated GDM: 22 of FPG 5.3
mmol/L, 1h 10.0 mmol/L, 2h 8.6 mmol/L,
3h 7.8 mmol/L (n=371)
NGT (n=316) n (%)
Single high glucose value: 1 of FPG 5.3
mmol/L, 1h 10.0 mmol/L, 2h 8.6 mmol/L,
3h 7.8 mmol/L (n=33)
NGT (n=2406)
GDM/IADPSG 2010-Only: FPG 5.1t0 5.5 n (%)
mmol/L, 1h 210.0 mmol/L, 2h <7.8 0
mmol/L (n=387)
NGT (n=13,940)
GDM by CC only: FPG 5.3 mmol/L, 1h n (%)
10.0 mmol/L, 2h 8.6 mmol/L, 3h 7.8 °
mmol/L (n=273)
NGT (n=1432)
Abnormal 50 g (>7.8 mmol/L), normal 100
=326
g (n=326) n (%)

One abnormal 100 g: 1 of 1h 10.6

mmol/L,

2h 9.2 mmol/L, 3h 8.1 mmol/L (n=142)

GDM by CC only (3h 7.8 mmol/L)

(n=460) n (%)
NGT (n=3117)

25 (16.5) OR 1.60 (0.94 to 2.73) 0.08

AORP 1.50 (0.78 to 2.89) NS

Hispanic: 30 (6)
Non-Hispanic
white: 19 (8)
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Hispanic: 21 (8)
Non-Hispanic
white: 13 (11)

29 (9.2)

6 (18.2)
143 (5.9)
22 (5.7)
(6.0)
AOR0.99 (0.54t01.77)  0.91

(5.9)

(5.9)
(9.7)

(14.8)

138 (30)
APR 1.15 (0.99 to 1.33)
804 (26)

Abbreviations: AOR, adjusted odds ratio; APR, adjusted prevalence ratio; CC, Carpenter and Coustan; Cl, confidence interval; FPG, fasting plasma glucose; GDM, gestational
diabetes mellitus; GDMFU, GDM Treatment Trial Follow-Up; HTA, Health Technology Assessment; IADPSG, International Association of Diabetes and Pregnancy Study Groups;
MFMU, Maternal-Fetal Medicines Unit; NGT, normal glucose tolerance; NR, not reported; OGTT, oral glucose tolerance test.
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Long-term outcomes for offspring

Only 1 study, the supplementary publication for HAPO Belfast, reported on long-term
outcomes for offspring. Incremental increases in FPG were significantly associated

(p<0.01) with increased odds of BMI in the 285", 295" and 299" percentile (Table 14). The
effect was reduced when adjusting for BMI, age and previous GDM, becoming largely
statistically non-significant (all but BMI 299t percentile). Neither was the effect significant
for increases in glucose measured by 1 hor 2 h 75 g OGTT. A similar trend was seen for
sum of skinfolds 290" percentile.>*

Whilst 5 studies included in Farrar 2016 reported on longer-term outcomes in either mother
or offspring, these were not included in the MA as the studies were too heterogeneous to
combine. However, the results from the individual studies, as summarised in Farrar 2016,
were generally consistent in that there were associations between glucose levels and sum
of skinfolds along with increased body fat.

Neither of the two studies reporting on specific glucose thresholds that were comparable
with NICE criteria (GDMFU and MAMMA) reported on long-term outcomes.

Table 14. BMI and sum of skinfolds in offspring aged 5 to 7 years

Outcome Study Glucose threshold Outcome | Outcome | Risk (95% CI) p value
unit value

Offspring (age 5to 7) BMI

HAPO Belfast

h

BMI 285.1 (Thaware

percentile 2015)

BMI 295 HAPO Belfast

e (Thaware

percentile 2015)

BMI 299" '(".'rﬁ';? Belfast

percentile 2015)
Offspring (age 5
to 7) sum of HAPO Belfast
skinfolds 290 (Thaware
percentile 2015)

Bold results are significant at p<0.05

Per 1 unit rise in glucose (FPG)

Per 1 unit rise in glucose (1 h glucose)
Per 1 unit rise in glucose (2 h glucose)
Per 1 unit rise in glucose (FPG)

Per 1 unit rise in glucose (1 h glucose)
Per 1 unit rise in glucose (2 h glucose)
Per 1 unit rise in glucose (FPG)

Per 1 unit rise in glucose (1 h glucose)
Per 1 unit rise in glucose (2 h glucose)
Per 1 unit rise in glucose (FPG)

Per 1 unit rise in glucose (1 h glucose)
Per 1 unit rise in glucose (2 h glucose)

OR 2.01 (1.37 to 2.96) <0.001
AOR1.16 (0.76 to 1.76)

OR 1.06 (0.98 to 1.15)
OR 1.10 (0.99 to 1.23)

OR 237 (1.41 to 3.98) <0.01
AOR 1.34 (0.76 to 2.35)

OR 1.01 (0.91 to 1.13)
OR 0.99 (0.85 to 1.15)

OR 4.32 (2.07 to 9.04) <0.001
AOR 2.32 (1.05 to 5.13)

OR 1.06 (0.90 to 1.24)
OR 0.94 (0.75 to 1.18)

OR 2.48 (1.44 to 4.26) <0.01
AOR1.61 (0.90 to 2.89)

OR 1.02 (0.91 to 1.14)
OR 0.99 (0.84 to 1.16)

Abbreviations: AOR, adjusted odds ratio; Cl, confidence interval; FPG, fasting plasma glucose; HAPO, Hyperglycaemia and Adverse Pregnancy
Outcomes; normal glucose tolerance; NR, not reported; OR, odds ratio
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Conclusions

The aim of this question was to identify associations between incremental increases in
glucose levels and the risks of adverse pregnancy or neonatal outcomes in low-risk
women, in order to distinguish a threshold at which risk is increased above normal but still
considered to be low risk based on the current NICE guidance (presence of risk factors; 75
g OGTT: FPG, 25.6 mmol/L; 2h OGTT, =7.8 mmol/L).

High-to-moderate quality evidence, including a high quality SLR that also included
hightomoderate quality evidence, was identified for associations between elevated glucose
and pregnancy, neonatal and long-term outcomes. A summary of the direction of
associations between NGT and elevated glucose groups is presented in Table 15. Overall,
clear and consistent associations between risk and increased glucose were not identified
for the majority of outcomes. The exceptions were C-section, induction of labour,
macrosomia and LGA (and pre-eclampsia and hypertension in some studies), where
increased glucose (compared with NGT) was associated with increased risk.

However, very limited evidence was identified that would allow for the characterisation of a
specific glucose threshold compared with that of the NICE guidance. Only 2 studies,
MAMMA and GDMFU, investigated single glucose thresholds that were elevated from
normal but lower than 7.8 mmol/L (the current NICE cut-off) which was comparable to that
of NICE (e.g. measured using 75 g OGTT or FPG). The remaining studies either a) used
criteria for "elevated" that could have included a number of abnormal values from different
measures (e.g. abnormal on either FPG, 1 h, 2 h or 3 h 100 g OGTT to qualify as "elevated
glucose") and testing was heterogenous across different studies (therefore not possible to
distinguish a single threshold); and/or b) used a different test to that recommended by
NICE (e.g. used 100 g whereas NICE recommends 75 g OGTT) so the elevated values
would not be comparable. Simply due to the lack of evidence, it was not possible to identify
a threshold at which risk for particular outcomes is substantially elevated. However, it was
noted that the MAMMA and GDMFU studies often reported significantly higher rates of
adverse outcomes in their elevated glucose groups, and so these thresholds (GDMFU: 5.1
mmol/L; MAMMA 5.7 mmol/L) could be considered as a starting point for an association
with increased risk of adverse outcomes. This is particularly apparent in macrosomia and
LGA, where the association between elevated glucose and the outcome was also
supported by other included studies, even though their populations were not clearly below
the NICE threshold. (Table 15).

Table 15. Summary of the number of studies and direction of evidence for each outcome

Outcome Number of | Direction of evidence Possible to identify threshold
studies for increased risk?
reporting
16

Pregnancy outcomes
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No — only reported by 1 study,
Gestational age 10 No clear association MAMMA (but significantly

shorter gestational age)

No — only reported by 1 study,

Pre-term birth 10 No clear association MAMMA (but significantly
higher pre-term birth)

Association between 1 glucose and 1 No — only reported by 1 study,
i risk in 2 studies (including Farrar 2016); = GDMFU (no significant

Pre-eclampsia 8 no clear association in 3 studies; NR in 3 difference)

studies

Association between 1 glucose and 1 No — not reported
Hypertension 6 risk in 3 studies; no clear association in 2

studies; NR in 1 study

Neonatal outcomes 19

Perinatal No — not reported

mortality/stillbirth 4 No clear association

C-section 12 Association between 1 glucose and 1 risk No — not reported

Association between lucose and 1 risk No — not reported
Induction of labour 3 Tg 1 p

Association between 1 glucose and 1 risk No — not reported
Shoulder dystocia 5 in 2 studies (including Farrar 2016); no
clear association in 3 studies

Lacerations 3 No clear association No — not reported
_ . Association between 1 glucose and 1 risk No — only reported by 1 study,
Trauma during vaginal 2 in 1 study; no clear association in 1 study GDMFU (but significantly higher
delivery birth trauma)
No — only reported by 1 study,
Macrosomia 11 Association between 1 glucose and 1 risk GDMFU (but significantly higher

macrosomia)
No — only reported by 1 study,

LGA 12 Association between 1 glucose and 1 risk MAMMA (but significantly
higher LGA)
No — only reported by 1 study,
NICU admission 7 No clear association GDMFU (but significantly higher

NICU admission)

No — only reported by 1 study,

Respiratory distress 1 No clear association GDMFU (no significant
difference)

Congenital No — not reported

malformation 1 No clear association

Association between 1 glucose and 1 risk  No — only reported by 1 study,

Neonatal 6 in 1 study (Farrar 2016); no clear GDMFU (no significant
hypoglycaemia association in 2 studies difference)
Long-term outcomes 1
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Association between 1 glucose and 1 risk No — not reported

BMI 1 for FPG; no clear association for 1 h or 2
h75g OGTT
Association between 1 glucose and 1 risk No — not reported
Sum of skinfolds 1 for FPG; no clear association for 1 hor 2 h
759 OGTT

Furthermore, whilst Farrar 2016 was a useful source that performed a MA and reported the
increase in risk per 1 mmol/L unit increase in glucose in a dose-response manner, it was
not possible to use this to identify the threshold at which risk is substantially greater.
Indeed, Farrar 2016 reported that their analysis found that the odds of adverse outcomes
increased linearly with glucose levels, suggestive of a continuum risk across glucose
levels, and no clear threshold that can define elevated glucose. This suggests that even
performing a MA, as in Farrar 2016, would not provide insight into a specific glucose cut-off
point.

It may be that a standardised "threshold" for elevated glucose would need to be based on
meeting specific diagnostic criteria or on number of abnormal glucose values rather than a
single numerical threshold. Within this work, it was not possible to identify a specific set of
criteria that conferred consistently higher risk for any particular outcome within populations
that would be considered to be low-risk according to the current NICE criteria, due to a
wide variety of criteria being used across studies and inconsistent results in associations.
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Summary of Findings Relevant to Criterion 1: Criterion not met’

Quantity: A large volume of evidence was identified overall, including 1 SLR with an MA of 38
publications, and 17 studies found through database searches. Evidence was identified for a
large number of specific pregnancy and neonatal outcomes, with many reported in at least 5
studies. Studies reported a consistent association between elevated glucose and increased risk
of C-section (12 studies), induction of labour (3 studies), macrosomia (11 studies) and LGA (12
studies). Data for all other outcomes was either limited or there was no clear association
between elevated glucose and risk level. Furthermore, a very limited quantity of evidence was
identified to address the question of identifying a specific threshold for elevated glucose at which
there is an increase in risk substantial enough that would justify population screening within low-
risk women that would differ from the current NICE guidance. This was only possible to explore
in 2 studies that reported single thresholds using tests that could be compared to the current
NICE recommendations.5": %8

Quality: The quality of the Farrar 2016 SLR was judged to be high, especially with results where
inter-study heterogeneity was considered. Studies identified from the database searches were
all judged to be at moderate (n=9, including MAMMA and GDMFU) or serious (n=8) risk of bias.
A main concern was in confounding through maternal risk factors that were not adjusted for and
may have therefore influenced the risk of outcomes concomitantly to elevated glucose. There
was also a concern that outcome assessors were not blinded to women's glycaemic status,
which in some cases may have introduced systematic errors in the measurement of the less
objective outcomes. For such studies, concerns for bias were lower. Another less likely (but
nonetheless noted) source of bias was lack of a published protocol or SAP that would allow for
an easier assessment of the risk of bias in reporting of outcomes. The concerns identified for the
database studies were the same as the main concerns described by Farrar 2016 for the studies
included in their SLR. For all other domains, the majority of studies were judged to be at low risk
of bias.

Applicability: The main concern for applicability to a UK setting arises from the inclusion of 7
non-EEA/OECD countries in the Farrar 2016 SLR. However, this was a low

* Met -for example, this should be applied in circumstances in which there is a sufficient volume of evidence of sufficient quality to judge an
outcome or effect which is unlikely to be changed by further research or systematic review.

Not Met - for example, this should be applied in circumstances where there is insufficient evidence to clearly judge an outcome or effect or
where there is sufficient evidence of poor performance.

Uncertain -for example, this should be applied in circumstances in which the constraints of an evidence summary prevent a reliable answer to
the question. An example of this may be when the need for a systematic review and meta-analysis is identified by the rapid review.
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proportion of all included studies. Otherwise, all studies included from the database
searches were conducted in EEA or OECD countries and are considered to be applicable
to the UK setting. The lack of applicability to the current NICE guidance in terms of test
used and number of abnormal values limited the majority of studies from feasibility to
identify a threshold of elevated risk.

Consistency: The only outcomes where results were consistent were for C-section,
induction of labour, macrosomia and LGA, where elevated glucose was associated with
an increased risk of the outcome in all studies. Results for all other outcomes were
inconsistent. Key inconsistencies in methodologies of included studies were different
glucose tests and different criteria or thresholds for elevated glucose. This makes it
difficult to determine a common threshold constituting "elevated glucose" from normal
levels. Farrar 2016 provided a satisfactory discussion of the heterogeneity of its included
studies, noting that whilst heterogeneity was considerable for studies reporting on
macrosomia and LGA, the trends were reasonably consistent across different studies, and
that there was no evidence that trend in risk with glucose level is different for different
glucose tests.

Conclusions: Moderate-to-high quality evidence for a wide number of pregnancy and
neonatal outcomes was identified in this rapid review. The evidence was judged to be
broadly applicable to the UK clinical setting. However, while the review identified clear
associations from a large volume of evidence between elevated glucose and increased
risk of C-section, induction of labour, macrosomia and LGA, results for other outcomes
were inconsistent. Macrosomia and LGA were also significantly increased in women who
would not currently be identified as at risk by the NICE guideline, but neither C-section nor
induction of labour was reported by either study investigating low risk women.
Furthermore, a clear glucose threshold for increased risk could not be identified for any
outcome, mostly due to the limited evidence on single thresholds. This is reflective of the
findings from Farrar 2016 and the HAPO study that there is a continuum of risk across
increasing glucose levels and no clear cut-off point. On this basis, Criterion 1 was judged
to be not met.

Criterion 4 — There should be a simple, safe, precise and validated screening test.

Question 2 — What are the most effective screening tests or strategies to identify low risk women at
risk of hyperglycaemia in pregnancy or GDM?

The rapid review conducted for the UK NSC by Waugh and colleagues in 2010 identified

studies on screening for GDM, the majority of which compared screening tests such as
FPG and the 50 g GCT against OGTT. A key conclusion of this review was that most of the
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identified studies used screening tests to identify the presence, or not, of GDM based on
various forms of the OGTT but were not used to identidy elevated risk in an unselected
population of pregnant women.®

Eligibility for inclusion in the review

This review searched for diagnostic test accuracy, cross-sectional, cohort and case-control
studies, as well as SLRs and MAs of those, published since January 2009. Studies were
included if the population comprised unselected pregnant women without pre-existing
diabetes and specific risk factors (i.e. women who would receive a test for GDM in the
current NICE pathway). Screening tests of interest included, but were not limited to, tests
measuring maternal glucose, maternal history or risk factors, and/or predictive biomarkers
to detect GDM. Studies of tests aiming to predict the risk of developing GDM at a further
point in the pregnancy were not eligible. Studies were not excluded based on the reference
standard used in the study. Outcome measures of interest for question 2 were measures of
screening accuracy (e.g. area under the curve [AUC], sensitivity, specificity, positive
predictive value [PPV] and negative predictive value [NPV]). Studies were restricted
geographically to OECD or EEA countries, excluding Mexico and South Korea. Full details
of eligibility criteria are presented in Table 4.

A high quality SLR conducted as part of an HTA by Farrar and colleagues (2016), was
identified and formed the evidence base for question 2 (Q2). The aim of Farrar 2016 was
to evaluate the performance of risk factors in identifying women with GDM, and the
eligibility criteria were closely aligned to the eligibility criteria of this rapid review for Q2.
However, there were some differences. For example, the search strategy used in Farrar
2016 did not include terms for biomarker tests, which was accounted for by adding search
terms for these outcomes. Furthermore, Farrar 2016 did not use a geographic limit and
included 6 studies from non-OECD/EEA countries (China, India, Iran, Malaysia and
Thailand). Separate results excluding these countries from the authors summary were not
available, therefore this has been noted as a limitation when considering the
generalisability of the results to a UK setting.

In the UK, women are diagnosed with GDM either with an FPG 25.6 mmol/Lora2 h 75 g
OGTT test 27.8mmol/L. The latter (75 g OGTT) is recommended as the test of choice for
women with risk factors for GDM by the NICE NG3 guidelines. While the test is considered
accurate in diagnosing the condition, it includes a glucose loading step, which may be
harmful in itself to those with poor glucose tolerance. As such, the test itself is a possible
risk to those it aims to diagnose and women with risk factors are potentially at a greater
risk of being harmed by the test. It is therefore relevant to identify whether any other tests,
especially those not involving glucose loading could be comparable to the OGTT in the
accuracy of GDM detection in the population of low-risk pregnant women.
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Description of the evidence

A total of 25 publications on 21 studies were initially included from the database searches,
with no additional publications found through hand-searches. Due to the high number
studies identified as relevant, 7 case-control studies were ultimately not selected for
extraction, as this study design is generally of lower methodological quality and at a higher
risk of bias and confounding. Figure 1 (Appendix 1) depicts the flow of the included records
using a PRISMA flow diagram.

Ultimately, in addition to 2 publications on the Farrar 2016 SLR, 16 articles on 13 unique
studies were selected for extraction for Q2. The smallest study recruited 202 pregnant
women,’* and the largest study recruited 16,537 women.*

None of the relevant studies were conducted in the UK; 2 studies were conducted in the
US and 2 in Japan, and 1 in each of: Australia, Belgium, Canada, The Netherlands,
Poland, Spain, Sweden, Switzerland and Turkey. The Farrar 2016 SLR included studies
from 18 different countries plus an analysis of individual patient data from the Born in
Bradford cohort (from the UK) and the ATLANTIC-DIP cohort (from the Republic of
Ireland). The populations often included women with risk factors, thought only some of
these were the same risk factors as those listed by the NICE guidance as high risk for
GDM.

Seven studies were of a prospective cohort design (including 1 model development study),
4 were retrospective analyses,’®’® and 2 cross-sectional studies.

Nearly half of the identified studies (5 and the Farrar 2016 SLR and IPD analyses)
evaluated 1 or more combinations of maternal risk factors for identifying women with GDM,
with Temming 2016 and Saeedi 2018 exploring the accuracy of using risk factors
(including history of previous GDM, obesity, history of prior macrosomic/LGA infant, first-
degree relative with diabetes mellitus) alongside glucose levels.’® 7° Five studies evaluated
the use of glucose tests for identification of GDM, including the 1 h GCT’4 778 and the
OGTT,"® 8% although the thresholds for classification of a positive screen result varied.
Finally, 3 studies evaluated the use of biomarkers in identifying women with GDM,
including HbA1c,?? fructosamine,®? and various lipid and apolipoprotein markers.8

The reference standard used by the majority of studies was a variation of or a continuation
onto (for those investigating the GCT as part of the index test) the 2-step screen for GDM.
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In others, it was based either on a single glucose challenge or tolerance test. The included
studies are summarised in Table 16.
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Table 16. Summary of studies included for question 2

Index test Comparator Study Country Index test threshold(s) Reference standard(s) and threshold Outcomes

Abnormal GCTs,
- 10 0 6 BT i TR DT sensitivity, specificity, LR+,
i Wo-step oV g an g LR-, positive post-test
BEDIP-Nso, 85-87 Belgium GCT 7.2 mmol/L . L - P p
g using the 2013 WHO criteria probability, negative posttest

probability
1-h 50 g GCT Venous blood
measured by 2 h 75 g OGTT (cut-off 155 mg/dL or  glucose >140 o
Pawelec 200974 Poland finger capillary ~ >140 mg/dL 8.6 mmoliL) mg/dL Specificity, PPV

glucometer




Sensitivity, specificity,

. <4.4 mmol/L . :
Ryser Ruetschi . 1 hand 2 h OGTT using the women correctly diagnosed
20166 Switzerland  FPB 4.4 t0 5.1 mmol/L IADPSG criteria - with GDM, women avoiding
25.1 mmol/L glucose overload
50t (222 umol/L),
Gringas 2018 United 75th (256 pmol/L) Two-step 1 h 50 g GCT followed by Sensitivity, specificity, PPV,
(Project Viva)ss States Fructosamine and 95 (312 3-hour 100 g OGTT in screen - NPV
positive women
pmol/L) percentiles
Lipid and Two-step 1 h 50 g GCT followed by
limura 201584 Japan apolipoprotein  NR 75 g OGTT in screen positive - AUC
markers women
Khalafallah 201682 . Varied between 4.6 One-step 75 g 2 h OGTT in line with Sensitivity, specificity, PPV,
Australia  HbAlc and 10% “the ADIPS consensus guidelines NPV
3-hour 100 g \arious for each Two-step 1 h 50 g GCT followed by
75 y 3-hour 100 g OGTT in screen - positive women itivi ifici
Kosus 2012 Turkey OGTT timepoint g p Sensitivity, specificity, AUC
Two-step 1 h 50 g GCT followed by
Maesa 20187  Spain FPB Varied between 55 100 g OGTT in screen positive - Sensitivity, specificity, PPV, and 80 mg/dL
NPV, LR+, LR-
women
75 g OGTT, using universal criteria
established by the IADPSG criteria
Ohara 201677 Japan 50 g GCT 7.8 mmol/L (5.1 mmol/L), the 1-h cut-off value - PPV
(20.0 mmol/L), or the 2-h cut-off
value (8.5 mmol/L)
mmol/L accordance with 1980 WHO criteria NPV, AUC
3 h 100 g OGTT. GDM was
diagnosed by having 2 or more
abnormal values using NDDG
1-hour 50 g >140 mg/dL criteria (fasting 2105 mg/dL, 1-hour
. - United GCT with and  (elevated) >180 >190 ma/dL. 2-hour =165 ma/dL Sensitivity, specificity, AUC,
Temming 2016 S . . g/dL, > MG/CL, -
tates without risk mg/Dl (eXtremely 3hour =145 mg/dL) or using more PPV
factors elevated) stringent CC criteria (fasting 295

mg/dL, 1-hour 2180 mg/dL, 2-hour
2155 mg/dL, 3-hour 2140 mg/dL
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Index test Comparator Study Country Index test threshold(s) Reference standard(s) and threshold Outcomes
Four clinical
Saeedi 201879 Sweden FPB Varied at 4.0 to 4.5 One-step 7592 h OGTT in - Sensitivity, specificity, PPV,



Theriault Canada risk factor - 50 g GCT in all women followed by - Sensitivity, specificity, PPV,
201488 models 75 g OGTT if GCT between 7.8— NPV, AUC
assessed at 24— 10.2 mmol/L
28 weeks
Two-step plasma glucose and 50 g  Diagnostic
Universal GCT followed by 7592 h OGTT in  testing if the Sensitivity, specificity,
Van Leeuwen o onds testing with X those with abnormal value on the probability of ~ OGTT to diagnose one case
20108° et first tests, according to the WHO GDM is 22.0% Of
criteria or 24.0% GDM, n
Various; Modified WHO 1988 criteria (FPG
Farrar 2016 Risk factor
(SLR)s0o IPD from models - >6.1 mmol/L, 2-hour post-load - UK and ROI glucose >7.8
mmol/L)

Abbreviations: AUC: area under the curve, CC: Carpenter and Coustan, FPG: fasting plasma glucose, GCT: glucose challenge test, GDM: gestational diabetes; IADPSG, International
Association of Diabetes and Pregnancy Study Groups; LR: likelihood ratio, NDDG, National Diabetes Data Group; NPV: negative predictive value, OGTT: oral glucose tolerance test,
PPV: positive predictive values, ROI: Republic of Ireland, WHO: World Health Organisation
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Quality assessment (Q2)

Farrar 2016

The quality of the included Farrar 2016 SLR was appraised using the AMSTAR 2 checklist;
a summary is given here and in Table 101 (Appendix 4).

The quality of Farrar 2016 was high overall, including clear objectives and eligibility criteria,
a comprehensive search strategy and robust methodology (dual review). The results were
clearly reported including a detailed discussion of the characteristics of included studies (no
MA was conducted due to heterogeneity across the included studies). The quality of the
included studies was not assessed, justified by the authors due to lack of an appropriate
tool. Therefore, there is uncertainty around the quality of included studies, and it is noted
that an attempt to modify the QUADAS-2 checklist could have been made. Farrar 2016 also
failed to report on the source of funding in the included studies; nevertheless, this was also

not expected to increase the risk of bias as most studies appear to have been conducted in
academic environments.

It should be noted that the eligibility criteria for Farrar 2016 differed from this rapid review
in that studies from any country were eligible, rather than being limited to OECD or EEA
countries. Six studies from non-OECD/EEA countries were included in the authors'
summary, which is noted as a limitation to the applicability of the Farrar 2016 review.

Other included studies from database searches

The quality of the 11 included studies that assessed screening tests for GDM was appraised
using an adapted QUADAS-2 checklist (Appendix 4). The quality of the 2 studies that assessed
models was appraised using an adapted PROBAST tool checklist (Appendix 4). A summary of
the risk of bias and applicability to the UK setting is presented in Table 17 and Table 18, and
the full appraisals are presented in Appendix 4. Overall, risk of bias was judged to be low in the

majority of studies for participant selection and reference standard but high/unclear in the
majority for index tests and participant flow.

Table 17. Summary of QUADAS-2 assessments for GDM screening studies
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Risk of bias Low Low Low Low High Low Unclear Unclear Low Low Low
Concern about Low Low Unclear Low Unclear Low Unclear Unclear Low Low Unclear
applicability _

INDEX TESTS

Risk of bias High Unclear Unclear High High High Low Low Low High Low
Concern about Low High High Low Unclear = Low Low Low Low Low Low
applicability

REFERENCE

STANDARD

Risk of bias Low Low Low Low Low Low Low Low Low Unclear Low
Concern about Low Low Low Low Low Low Low Low Low Low Low
applicability

PARTICIPANT FLOW

Risk of bias Low Low High Unclear High High High High Low Low High

Participant selection

The risk of selection bias was judged as low in 8 of 11 studies due to consecutive
enrolment, and for avoiding a case-control study design. Kosus 2018, a retrospective cohort
study, was considered to be at a high risk of selection bias due to exclusion of women with
family history or previous complications such as history of GDM, congenital anomalies,
unexplained fetal loss, hypertension or stillbirth.”> Excluding women with risk factors that
would not be covered by the NICE pathway may limit the applicability (therefore judged as
unclear risk of bias) of the sample to the general UK population. Two studies were judged to
be at an unclear risk of bias and unclear for their applicability to the UK population, due to
poor reporting of the recruitment methods and eligibility criteria.”* 77 Another 2 studies also
had unclear applicability because the makeup of their population may be somewhat different
to that in the UK: one had a high proportion of African American women, and the other
included singleton pregnancies in Japan.8

Index tests

Five studies were at high risk of bias for how the index test was conducted, as the
thresholds for classifying a test result as positive were not prespecified and it was either
unclear when the measures were taken or whether they were interpreted without the
knowledge of the reference standard.” 76.79.80.82 Tywo studies were at an unclear risk of
bias; in the Gingras 2018 study, it was not reported whether study assessors were blind to
glucose results when testing fructosamine levels from samples previously collected in
1999-2002.82 The risk of bias was also unclear in limura 2015 because insufficient
information was available.?

There was a high concern about applicability in 2 studies because the tests examined
were not currently used in the UK clinical practice (fructosamine, lipid biomarkers).83 84
Index tests used in all other studies were judged applicable as already used in the UK
clinical practice either as part of diabetes or GDM targeted testing (in at-risk individuals).
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Reference standard

Ten out of 11 included studies were at low risk of bias for conduct and interpretation of the
reference standard; in the majority of studies, published diagnostic criteria were used including the
National Diabetes Data Group (NDDG), CC, IADPSG criteria and there were no concerns about
the correct diagnosis of women with GDM. In Saeedi 2018, the authors noted some uncertainty
around the validity of using capillary instead of venous blood and therefore the risk of bias in the
application of the reference standard was judged as unclear in that study.’® While healthcare
providers and participants were blinded to the results of the index test in only 1 study, the use of
published, objective criteria reduced the risk of bias in the interpretation of the reference standard
in the other studies.

There were low concerns about applicability to the UK setting in all studies, due to the use
of established diagnostic criteria, which bear similarity to current UK practice guidelines.

Participant flow

Six studies were at high risk of bias for this domain. This was mostly because only screen-positive
women were tested with the reference standard. While this approach is the accepted ‘norm’ in
clinical practice and offering the reference standard (OGTT being the only currently available
reference standard) to screen-negative women might be considered unethical due to the risks
associated with glucose loading, it increases the risk of partial verification bias and can lead to
overestimation of sensitivity or underestimation of specificity (if screen-negative women are not
confirmed as true negatives). In addition, the Temming 2009 and Ohara 2016 studies excluded
women who were lost to follow-up or have not completed the 3 h OGTT, or those with
hyperemesis gravidarum respectively. Meanwhile in Maesa 2018 and limura 2015, the time
interval between the index test and the reference standard was unclear, increasing the risk that
interventions or changes to lifestyle may have occurred during this timeframe, which could have
affected the result of the reference standard.”®-’8 84 Furthermore, up to 50% of women in limura
2015 had missing biochemical or lipoprotein data.®*

Khalafallah 2016 was at an unclear risk of bias, due to uncertainty around all women receiving the
reference standard or being included in the analyses.®? In the remaining studies, all or almost alll
participants were included in the analyses, and all screened participants received the same
reference standard.

Predictive model studies

The review identified 2 predictive studies, van Leeuwen 2010 and Theriault 2014, the quality
of which was assessed with the PROBAST checklist and is summarised in Table 18.

Table 18. Summary of PROBAST assessments for GDM screening studies
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Question Van Leeuwen 20108° Theriault 201488

Risk of bias

Concern about applicability

Risk of bias

Concern about applicability

Risk of bias
Concern about applicability

Risk of bias

Risk of bias
Concern for applicability

Participant selection

Both studies used appropriate inclusion/exclusion criteria and data sources and were thus
judged to be at a low risk of selection bias. There were also no concerns about the
applicability of the included populations to the UK.

Predictors

There were no concerns about bias or applicability due to predictors in either of the 2
studies. All predictors appeared to have been assessed in the same way for all women,
before the knowledge of the outcome and would be available by the point in pregnancy
when the model needs be used.

Outcomes

The risk of bias and applicability due to outcomes were judged as low and of no concerns in
Van Leeuwen 2010. However, risk of bias and applicability were high and of concern in
Theriault 2014 as GDM was not diagnosed in the same way in all women; some received
glucose tests but others were only deemed to have GDM as they had used insulin in
pregnancy.

Analysis
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Both studies were judged to be at a high risk of bias in the results because of the analyses'
methodology. In Van Leeuwen 2010, this is because the sample was small and it was
unclear how many women were eventually enrolled; it was likely that performance of the
model was not measured appropriately or that overfitting was not accounted for.8° The
Theriault 2014 model was judged at the high risk of bias because of how the authors
handled missing data, where some women were included in the analysis despite missing
test results.®8

Results

Key results for each of the screening tests are presented in Table 19, Table 20, Table 21,
Table 22 and Table 23. Full details of the included studies and their results can be found in
Appendix 3.

Oral glucose tolerance test

Two studies evaluated the OGTT as a screening test for GDM (Table 19). Kosus 2012
(n=808) investigated the fasting, 1-hour, 2-hour and 3-hour 100 g OGTTs at various cut-off
levels, with the objective of identifying the optimal cut-off for high sensitivity and specificity
using the CC criteria as a reference standard.” For all OGTTs, the use of lower,
conservative cut-off levels resulted in high sensitivities, reaching 100% using a cut-off of
145.5 mg/dL with a 1 h OGTT, but this was at the expense of specificity (37.3%). Based on
the selected cut-offs, the 2 h OGTT was found to have highest screening accuracy
(sensitivity 88.1, specificity 87.6, AUC 0.911), compared with FPG (sensitivity 82.1%,
specificity 52.2%, AUC 0.752), 1 h (sensitivity 83.6%, specificity 80.1%, AUC 0.894) and 3 h
(sensitivity 74.6, specificity 60.2, AUC 0.782) OGTTs.”®

Ryser Ruetschi 2016 (n=2298) aimed to evaluate how the fasting measurement of blood
glucose alone, prior to loading for the OGTT, could reduce the number of women requiring
further testing with a glucose load, at various FPG cut-off values.®' Unsurprisingly,
sensitivity was highest (96%) and specificity lowest (25.3%) at the most conservative cut-off
of 4.0 mmol/L, with a sensitivity of 47.4% and specificity of 100% at a 5.1 mmol/L cut-off.
Ryser Ruetschi 2016 further evaluated 2 screening strategies: 1) a strategy of stopping the
test, avoiding glucose loading and further glycemia, if fasting glucose was <4.4 or 25.1
mmol/L; and 2) excluding women with a fasting glycaemia greater than 5.1 mmol/L. The first
strategy was successful in avoiding loading in 69% of women and achieved a sensitivity of
78.5% (95% CI 73.1 to 83.2). The second strategy resulted in a sensitivity of only 59.1% in
the remaining population. Specificities for the 2 strategies were not reported.8!
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Table 19. Screening for GDM using an oral glucose tolerance test

Study Test Threshold/cut- | Sens. (95% Spec. PPV NPV (95% | LR+ | LR- | AUC (95% CI)
off (¢])] (95% CI) | (95% CI) (e])]

Test accuracy

Fasting 100 = 82.5 mg/dL 82.1 52.2 0.752 (0.678 to
g OGTT 0.825)
Kosus 1-hour 100 g 171.5 mg/dL 83.6 80.1 0.894 (0.854 to
20127 OGTT 0.934)
2-hour 100 g 151.5 mg/dL 88.1 87.6 0.911 (0.868 to
OGTT 0.954)
3-hour 100 g 111.5 mg/dL 74.6 60.2 0.782 (0.708 to
OGTT 0.857)
Ryser 4.0 mmol/L 96.0 25.3
Ruetschi
OGTT 4.4 mmol/L 78.5 69
4.6 mmol/L 67.7 84.3
5.1 mmol/L 47.4 100

Abbreviations: AUC: area under the curve, Cl, confidence interval; LR: likelihood ratio, NPV: negative predictive value, OGTT: oral glucose tolerance
test, PPV: positive predictive values

Glucose challenge test

The accuracy of the GCT as a screening test on its own was evaluated in 4 studies (Table

20). BEDIP-N and Temming 2016 both evaluated the GCT test at various cut-offs; in

BEDIP-N the GCT was done as part of a universal 2-step screening strategy using the 2013
WHO criteria.®® Temming 2016 checked how many women would be diagnosed with GDM with
just the GCT vs a2 h 100 g OGTT as per the NDDG or the CC criteria.”®

Results of BEDIP-N (n=1884) showed that 2130 mg/dL (7.2 mmol/L) was the optimal cutoff
in terms of balancing sensitivity (72.4%, 95% CIl 66.1 to 78.1) and specificity (70.2%, 95%
Cl167.9 to 72.4), but was described as having moderate accuracy. A threshold of <7.2
mmol/l was not recommended, and while the test can achieve a higher sensitivity of up to
82% (6.7 mmol/L cut-off), this would be at the expense of specificity (56%).8° Temming
2016 (n=753) only used thresholds of 160 mg/dL and 180 mg/dL and found sensitivity at
either to be worse than in BEDIP-N, regardless of the criteria used in the reference
standard.”® Specificity was better than in BEDIP-N with the higher diagnostic threshold (180
mg/dL, equivalent to 10 mmol/L) with both NDDG (92.2%) and CC (93.2%) criteria, but this
was at a significantly reduced sensitivity. Interestingly, at the lower threshold of 160 mg/dL
(equivalent to 8.9 mmol/L, still higher than the 7.8 mmol/L threshold used by BEDIP-N) the
specificity appeared higher in BEDIP-N than Temming 2016, though this may be within the
margin of variability or due to the use of different diagnostic criteria for the reference
standard. Conversely, a very high sensitivity was shown by capillary blood sampling at the
140 mg/dL cut-off in Pawelec 2009 (n=202) (98.5%), though the specificity of approach was
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at only 66.7%.7* The study by Ohara 2016 (n=2079) only reported the PPV for the 50 g
GCT, which was 42.8%."’

Based on the limited evidence it appears that the higher GCT thresholds can decrease the
number of women who would need an OGTT but then test negative for GDM, but this
results in many women who do develop GDM to be missed and not receive treatment. If a
lower threshold for GCT is used, the situation is reversed in that fewer GDM cases can be
detected but more women undergo OGTTs.
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Table 20. Screening for GDM using a glucose challenge test

Study Screening | Threshold for a Reference standard | Sens. (95%| Spec. (95%| PPV (95% | NPV (95% | LR+ (95%
test positive result Cl) Cl) CI) CI) Cl)

BEDIP-Nso, ss GCT

Temming GCT
201678

Ohara 201677 GCT

Pawelec GCT
200974

7.8 mmol/L (2140
mg/dL) 7.5
mmol/L(=135
mg/dL) 7.2
mmol/L (=130
mg/dL) 6.9
mmol/L-(=125
mg/dL) 6.7
mmol/L (=120
mg/dL)

>160 mg/dL (8.9
mmol/L)

=180 mg/dL (10
mmol/L)

2160 mg/dL (8.9
mmol/L)

>180 mg/dL (10
mmol/L)

7.8 mmol/L

Finger capillary blood
sample using
glucometer (>140
mg/dL cut-off)

75 g OGTT with 2013
WHO criteria (FPG 5.1
mmol/L, 1 h glycaemia,
>10.0 mmol/L, 2 h

glycaemia, 8.5 mmol/L,

diagnosis of GDM if 21
value is abnormal)

3h 100 g OGTT, NDDG
criteria

3 h 100 g OGTT, CC
criteria

75 g OGTT, IADPSG
criteria for GDM

2 h75gOGTT (cut-off

155 mg/dL or 8.6 mmol/L)

59.6 (53.0-  81.0 (79.0—
66.1) 82.9)
66.2 (59.7-  76.1 (73.9-
72.3) 78.1)
72.4(66.1-  70.2 (67.9—
78.1) 72.4)
77.6 (71.7-  64.2 (61.8—
82.9) 66.5)
82.0 (76.4—  56.0 (53.5—
86.8) 58.4)
65.5 (57.7-  70.2 (66.4—
72.7) 73.9)
30.3(23.4t0 92.2 (89.7 to
37.9) 94.2)
58.4 (52.0-  72.8 (68.6—
64.6) 76.6)
24.8 (19.6t0 93.2(90.7 to
30.6) 95.3)

NR NR
98.5 66.7

NR
NR

NR

NR

38.2 (32510
44.1)

52.1 (41.6to
62.4)

51.6 (45.6 to
57.5)

64.6 (54.2 to
74.1)

42.8

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

317
3.6)

2.8 (2.4-
3.1)

2.4 (2.2-
2.7)

2.2 (2.0-
2.4)

1.9 (1.7-
2.0)

NR

NR

NR

NR

NR

NR

LR— (95%
Cl)

0.50 (0.42—
0.58)

0.44 (0.37-
0.53)

0.39 (0.32-
0.49)

0.35 (0.27-
0.45)

0.32 (0.24-
0.43)

NR

NR

NR

NR
NR

NR

NR

NR
NR

NR

NR

0.678
(0.638 to
0.719)

0.612
(0.576 to
0.649)

0.656 (0.62
to 0.692)

0.590
(0.561 to
0.619)

NR

NR

Abbreviations: AUC: area under the curve; CC, Carpenter and Coustan; Cl, confidence interval; FPG, fasting plasma glucose; GCT, glucose challenge test; GDM, gestational diabetes
mellitus; IADPSG, International Association of Diabetes and Pregnancy Study Groups; LR: likelihood ratio, NDDG, National Diabetes Data Group; NPV: negative predictive value; NR,
not reported; OGTT: oral glucose tolerance test, PPV: positive predictive values; WHO, World Health Organization
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Fasting plasma glucose

FPG was investigated as a test to diagnose GDM in 1 study: Maesa 2018 (n=6573) (Table
21).”®* Maesa 2018 investigated the number of women in whom GDM could be ruled out
depending on various thresholds of FPG (though not explicitly reported in the publication, it
was inferred that FPG was measured). As expected, the lower the threshold, the higher the
sensitivity of the test (up to 97.8%), but the lower the specificity — at 55 mg/dL FPG could
only rule out 1.28% of women, which meant that almost all women had to undergo a GCT
or OGTT. Conversely, a glucose loading test would have been avoided by 81.17% of
women when FPG was set at 80 g/dL, but only 40.2% of GDM would have been detected.

Table 21: Screening for GDM using a fasting plasma glucose test

Test accuracy

Study Test Threshold/cut Sens. Spec. PPV NPV LR+ | LR- AUC Ruling out
off (95% Cl) | (95% (95% (95% (95% CI) GDM
Cl) Cl) Cl)

Maesa 201876 55 mg/dL 97.8 1.3 1.39 97.62  0.99 1.69 0.633 84 (1.28)
60 mg/dL 95.7 438 1.41 9873 101 o090 (056910 315 (4.79)

FPG 62 mg/dL 91.3 10 1.42 9879 101 o087  00% 659 (10.03)

FPG 70 mg/dL 76.1 432 1.86 99.22 134 055 2,819 (42.89)

FPG 80 mg/dL 40.2 81.5 2.99 98.97 217 073 5,335 (81.17)

Abbreviations: AUC: area under the curve; Cl, confidence interval; FPG, fasting plasma glucose; GDM, gestational diabetes mellitus; LR:
likelihood ratio; NPV: negative predictive value; PPV: positive predictive values

Maternal characteristics and risk factors

Four studies investigated the accuracy of testing for GDM using only maternal
characteristics and risk factors and 1 study looked at the combination of maternal risk
factors with the 1 h GCT (Table 22). The Farrar SLR included an analysis of the IPD of the
BiB and ATLANTIC DIP cohorts, which is also presented in Table 22. Furthermore, they
also included 24 studies screening by risk factors in their SLR chapter. However, due to
high heterogeneity in the studies, Farrar 2016 did not conduct a MA, but provided a
narrative summary of the included studies instead, which is also summarised below.*

Of the 24 studies in the Farrar 2016 SLR, 6 looked at the performance of existing
riskbased guideline recommendations, 7 counted the number of risk factors each woman
had, 6 used risk prediction models or scoring and 5 examined various risk factors. The
outcome measure most common across the studies was the number of OGTTSs required to
diagnose a specific proportion of women with GDM. As expected, there appeared to be a
linear correlation between the two; identifying more women with GDM requires offering
more women an OGTT. Furthermore, the SLR found that no specific risk scoring was
superior to another. It was recommended that using BMI and age would be the most
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effective strategy as adding further risk factors does not increase the identification of those
at risk, in that this increases complexity of the risk prediction model at little benefit to its

performance.
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Furthermore, the authors remarked that the makeup of the population in terms of the risk
factor prevalence will also affect the test accuracy, and populations where the risk factor
prevalence is higher may benefit from universal, rather than risk-factor based screening, as
most women would have been offered an OGTT test anyway. In populations with low risk
factor prevalence, risk-factor based screening would be more effective to pick out women
who should be offered the OGTT test.

The BEDIP-N study (n=1884) evaluated the accuracy of incorporating maternal risk into
glucose testing using the GCT (threshold 7.2 mmol/L) for identifying GDM, including the
risk factors of an ethnic minority background, a BMI 230 kg/m?, a history of GDM, or any of
these three risk factors.8 In pregnant women who had any of these 3 risk factors in
addition to a GCT value 27.2 mmol/L, the sensitivity for identifying GDM was 82.9% (95%
Cl1 77.4 to 87.5) and the specificity was 57.5% (95% CI 55.0 to 59.9). While this
combination achieved a higher sensitivity than using a single risk factor (ethnic minority
background 78.1%, BMI 77.2%, history of GDM 74.1%) ot than screening with GCT only
(72.4%), the specificity was compromised, resulting in a slightly lower positive likelihood
ratio (LR+) of 1.9 (95% CI 1.8 to 2.1). By using a risk-factor based 2-step screening
strategy, it was reported that the proportion of women requiring an OGTT based on a GCT
would be reduced to 25.5%, with 52.6% of OGTTs potentially being avoided, compared
with 1-step universal screening. Very similar sensitivity and specificity results were seen in
Van Leeuwen 2010 (n=995) and Theriault 2014 (n=7208).88 8 Both studies used models,
with Van Leeuwen 2010 building a predictive model on pre-pregnancy BMI, ethnicity,
family history of diabetes and previous GDM, and Theriault 2014 validating 4 risk factor-
based models (risk factors included age, BMI, ethnicity, history of diabetes/GDM/adverse
obstetric outcomes). Van Leeuven 2010 found that their model performed better at
identifying women with GDM and avoiding unnecessary OGTTs when the prevalence of
GDM was assumed to be higher (24%) (number of OGTTs to diagnose 1 GDM was 11) but
had a better sensitivity (75%) when the prevalence was lower (=22%) (number of OGTTS
for 1 GDM was 24). Theriault 2014 reported that the best performing model (by AUC) was
Van Leeuwen's model; but while they found the specificity to be 80.7% (95% CI 79.6 to
81.8), the sensitivity was only at 60.4% (95% CI 54.3 to 66.1).

Saeedi 2018 (n=3616) looked at adding risk factors to FPG or even combining these with
random blood glucose values. This approach had poor diagnostic power to detect GDM
(highest sensitivity at 42% [95% CI 35 to 47]), though performed reasonably well at
excluding women who did not have GDM from further testing (NPV at >90%).7° By
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contrast, the analysis of the IPD from BiB and ATLANTIC-DIP cohorts in Farrar 2016
showed a reasonably high sensitivity (95.9%) and PPV (84.5%) for age 225 years and BMI
225 kg/m?, however, the sensitivity was low at only 16.5%.* Best specificity in Farrar 2016
was seen with the combination of age 225 years and BMI 225 kg/m? and previous GDM
(24.6%) at which point the sensitivity was at 90.3% and the predictive value at only 76.5%.

Of note,
Screening for Gestational Diabetes

these results were still superior to screening by the risk factors recommended by the NICE
guidelines, where sensitivity was at only 78.2% and specificity at 31.7%.

Temming 2016 (n=753) was the only study to investigate the combination of the GCT and
maternal risk factors (history of GDM, age and BMI).”® However, the combination of the
two approaches did not improve the resulting test accuracy, as shown by the largest AUC
reaching only 0.653 (95% CI 0.532 to 0.773).
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Table 22. Screening for GDM using maternal risk factors

Method of screening Sens. (95% Spec. (95% | PPV (95% Cl) | NPV (95% Cl) | LR+ (95% Cl) | LR-(95% Cl) | AUC (95% CI)
o) Cl)

BEDIP-N& Ethnic minority background + 78.1 (72.1- 64.0 (61.6— 0.34 (0.27- Using any of the
GCT (using a threshold of 7.2 83.3), 178/228 66.3) NR NR 2.2 (2.0-2.4) 0.44) NR 3 risk
mmol/L) factors, the

2 . proportion of
BMI 230 kg/m® + GCT (using a  77.2 (71.2— 64.3 (61.9- NR NR 2.2(2.0-24)  0.35(0.28- NR women that
threshold of 7.2 mmol/L) 82.5) 66.7) 0.45) would be
History of GDM + GCT (using 74.1 (67.9- 68.7 (66.4— NR NR 2.4 (2.1-2.6) 0.38 (0.30— NR missed would
a threshold of 7.2 mmolL) 79.7) 71.0) 0.47) be reduced to

: 17.1% (n=39)
Any of the 3 risk factors + GCT

(using a threshold of 7.2

mmol/L _ _ 52.6% of all
> B9(T 4 575 (E80- NR W 1speay 0002 R OGTTscoud
: ) ) still be avoided
Saeedi 2018™ Model | traditional risk factors* 28 (24 to 32) 86 (84 to 87) 20 (17 to 24) 90 (89 to 91) NR NR 0.43 (0.40to NR

0.46)

Model | traditional risk factors® 0.40 (0.37 to

or RBG [random blood 36(32t041) = 84(82t085) @ 23(20t026) = 91 (90 to 92) NR NR 0/.43) NR

glucose] 28.0 mmol/L

Model Il traditional risk factors* =~ 31 (25 to 37) 85 (84 to 86) 14 (11to 17) 94 (93 to 95) NR NR 0.42 (0.38 to NR
0.46)

Theriault 201458 Naylor model: maternal age, 72.2(66.9to 55.1 (53.8 to 97.3 (96.6 to 0.668

prepregnancy BMI, ethnicity 77.0) 56.4) 8.2 (7.2109.3) 97.8) NR NR (0.637 to NR
0.699)

Caliskan model: maternal age, NR

pre-pregnancy BMI, prior 0.680

adverse obstetric outcome, 71.1 (65.6to 59.3 (58.0 to 9.3(8.1to 97.2 (96.6 to NR NR (0.649 to

family history of diabetes, prior 76.0) 60.6) 10.5) 97.8) 0.712)

macrosomic fetus

Van Leeuwen model: 0.756 NR

prepregnancy BMI, ethnicity, 60.4 (54.3t0 = 80.7(79.6t0 = 14.9(129to  97.3(96.81t0 3.13 (2.80- 0.49 (0.43— (0.725to

family history of diabetes, 66.1) 81.8) 17.1) 97.8) 3.49) 0.57) 0.787)

previous GDM

Teede model: maternal age, 0.739 NR

BMI at first visit, ethnicity, 65.6 (59.3 to 75.0 (73.7to 13.5 (11.6 to 97.3 (96.7 to - e (0.701 to

family history of diabetes (1st 71.4) 76.3) 15.6) 97.9) 0.776)

degree), past history of GDM

Model Il traditional risk factors* =~ 41 (35 to 47) 83 (82 to 84) 16 (13 to 19) 95 (94 to 96) NR NR 0.38 (0.34 to NR

or RBG 28.0 mmol/L 0.42)



Temming 20167

Van Leeuwen
2010%

NDDG =160 mg/dL + history of = 65.3% (50.4 to
GDM, age 230, BMI 230 kg/m? 78.3) 83.6)

NDDG =180 mg/dL + history of = 38.8% (25.2 to
GDM, age 230, BMI 230 kg/m? 53.8) 90.3)

CC 2160 mg/dL+ history of 56.9% (44.0to  57.1% (18.4 to
2 69.2) 90.1)

GDM, age 230, BMI 230 kg/m

CC 2180 mg/dL+ history of 32.3% (21.2t0  71.4% (29.0 to

GDM, age 230, BMI 230 kg/m? 45.1) 96.3)

Universal testing (age, BMI, non-
Caucasian ethnicity, smoking,

previous miscarriage 100 100

UK NSC external review — Screening for Gestational Diabetes

Farrar 2016 (BiB
and Atlantic DIP
cohorts)**

history of: diabetes or GDM or
perinatal death).

Diagnostic testing if probability

of GDM 22% (risk factors as 75.0 (55.4 to 57.8 (57.3to
above) 88.0) 58.1)
Diagnostic testing if probability
of GDM 24% (risk factors as 45.8 (28.2to 88.4 (87.9to
above) 64.5) 88.8)
Age 230 years, BMI 225 kg/m?, 90.3 24.6
diabetes, prior GDM
Age 225 years, BMI 225 kg/m? 95.9 16.5
Age =25 years, BMI 225 95.9 16.5

2 kg/m ,
prior GDM
NICE guideline recommended 78.2 317

risk factors

65.2% (42.7 to

82.6% (71.8 to

80.0% (64.4 to
90.9)

82.6% (61.2 to
95.0)

92.5% (79.6 to
98.4)

91.3% (72.0 to
98.9)

4.2 (3.1104.9)

8.9 (5.5t0
12.5)

76.5

84.5
84.5

67.2

98.9 (98.1to
99.5)

98.5 (98.0 to
99.0)

1.78 (1.30 to
2.10)

3.94 (2.34 10
5.77)

0.43 (0.21 to
0.78)

0.61 (0.40 to
0.81)

0.653 (0.532
t0 0.773)
0.607 (0.502 to
0.712)
0.570 (0.363 to
0.777)

0.519 (0.329 to
0.708)

NND (N/n omen
with GDM):
42 (995/24)
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NND (N/n women

with
24 (428/18)

NND (N/n
women with
GDM):
GDM):
11 (124/11)

*Model | (modified IADPSG criteria), 1.75 OR of adverse events in HAPO: equivalent cFPG 24.6 mmol/L or 2h OGTT 28.5 mmol/L. Model II, 2.0 OR of adverse events in HAPO: equivalent cFPG 24.8
mmol/L or 2h OGTT = 9.0 mmol/L. Traditional risk factors = heredity (first-degree relative with diabetes), obesity (pre-pregnancy weight 290 kg), previous LGA infant (24500 g or 2mean + 2SD), previous

GDM. **Only results with the highest sensitivity or specificity are presented; for full results please refer to the data extraction tables in Appendix 3

Abbreviations: AUC: area under the curve; BMI, body mass index; CC, Carpenter and Coustan; Cl, confidence interval; FPG, fasting plasma glucose; GCT, glucose challenge test; GDM, gestational
diabetes mellitus; LR: likelihood ratio; OGTT, oral glucose tolerance test; NDDG, National Diabetes Data Group; NICE, National Institute for Health and Care Excellence; NND, number needed to
diagnose; NPV: negative predictive value; NR, not reported; PPV: positive predictive values; RBG, random blood glucose
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Biomarkers

Three studies examined the feasibility of screening for GDM using blood-based biomarkers
other than glucose. Khalafallah 2016 (n=480) explored the accuracy of HbAlc for prediction
of GDM at various cut-off values, finding that a cut-off of 5.4% achieved a NPV of 91% and
specificity of 95%, although with a very low sensitivity of 26.5%.8? Fructosamine
demonstrated poor predictive value in the Gingras 2018 study (n=1488), with an AUC of
0.52.83 The highest sensitivity for detection of GDM was achieved at a cut-off of 2222
umol/L (250" percentile) with 48.6% specificity. Using a cut-off at the 75" and 95
percentiles in order to increase specificity (74.9% and 95.1% respectively) substantially
decreased sensitivity. These findings suggest poor suitability of fructosamine as a screening

test for GDM, due to poor sensitivity to detect abnormal glucose tolerance. Similarly, AUC
values appeared similar across all lipid and apolipoprotein markers investigated by limura
2015 (n=266), with levels of triglycerides achieving the highest accuracy (0.624, 95% CI
0.490 to 0.759).84 The authors concluded that none of the markers demonstrated sufficient

accuracy for prediction of GDM.

Table 23. Screening for GDM using biomarkers

(95% ClI) (95% ClI) (95% Cl) | (95% ClI)
Khalafallah 2016%2 | HbAlc 10% 99.7 88.8
6.1% 99.7
6% 4.1 99.7 66.7 89.2
5.9% 6.1 99.7 75 89.4
5.8% 8.2 99.7 80 89.6
5.7% 10.2 99.5 71.4 89.8
5.6% 12.2 99 60 90
5.5% 22.4 98.2 61.1 91
5.4% 26.5 95.4 41.9 91.2
5.3% 34.7 88.4 27.4 91.5
5.2% 55.1 79.7 25.5 93.4
5.1% 61.2 67.6 19.2 93.3
5% 69.4 51.9 15.4 93.1
4.9% 73.5 31.4 11.9 90.4
4.8% 81.6 18 111 88.6
4.7% 95.9 10 11.8 95.1
4.6% 95.9 4.6 11.2 90
Gringras 2018 Fructosamine 2222 umol/L (250" 54.8 48.6 5.2 95.4 0.52
(Project Viva)*® percentile)
2256 umol/L (275" 26.0 74.9 5.1 95.2
percentile)
2312 pymol/L (295" 6.9 95.1 6.7 95.2
percentile)
limura 2015% Lipid and TG 0.624 (0.490 to
apolipoprotein 0.759)
markers ApoC-IIl 0.583 (0.451 to
0.715)
ApoB48 0.568 (0.439 to
0.697)
ApoA-I 0.560 (0.438 to
0.684)
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HDL-C 0.531 (0.420 to
0.641)

ApoB 0.519 (0.391 to
0.648)

TC 0.518 (0.388 to
0.647)

LDL-C 0.515 (0.393 to

0.636)

Abbreviations: Apo, apolipoprotein; AUC: area under the curve; Cl, confidence interval; HDL-C, high-density lipoprotein C; LR: likelihood ratio;
NPV: negative predictive value; NR, not reported; PPV: positive predictive values; TC, total cholesterol; TG, triglyceride

Conclusions

Screening by risk factors only did not appear to be a valid strategy to detect GDM, either
when combined with FPG values, as demonstrated by Saeedi 2018 or with GCT, as shown
in Temming 2016.7% 7° In fact, the best performance with an AUC of 0.911 (95% CI 0.868 to
0.954) was achieved by the 2 h 100 g OGTT following a GCT, which is currently used in
clinical practice and recommended by some of the guidelines.?% 3¢ The problem is that the
reference standard was the same test, only using a pre-specified threshold, so it appears
that currently the accuracy hinges more on the thresholds used, than the test. Without
another test or clinical diagnosis of GDM, it is not possible to reliably ascertain the validity of
the OGTT test. Furthermore, this test involved a GCT, which includes an additional glucose
loading step, which is problematic due to the potential side-effect of glucose loading
especially in women who may have elevated glucose and lower glucose tolerance.

Use of only OGTT as a screening test was only reported by 1 study (Ryser Ruetschi
2016),8 where it did not appear to perform differently to a risk factor based approach
combined with a GCT (78.5% sensitivity/69% specificity with OGTT only vs e.g. 82.%
sensitivity/57.5% specificity with 3 risk factors + GCT in BEDIP-N&9). Other risk factor based
tests were also similar in terms of sensitivity and specificity combinations, but comparisons
are difficult as the Ryser Ruetschi 20168! study did not report an AUC.

Furthermore, the study by Kosus 2012 was conducted in Turkey and with the aim to
understand whether a better diagnostic threshold could be used in the diagnosis of GDM
using the OGTT within that specific population. Importantly, several studies have remarked
that the most fitting screening strategy may be dependent on the prevalence of GDM and
maternal risk factors within a population. For example, in populations with a higher GDM
prevalence, universal screening may be more effective than in low-GDM populations, where
a risk-factor based approach could be used. Therefore, the performance of the tests may be
improved depending on whether they are used in universal or targeted screening, and thus
studies of test accuracyneed to be interpreted by considering both the prevalence of GDM
in the study cohort and the prevalence of GDM in the population to which the test would be
applied. In this rapid review for example, only 1 study was conducted in the UK, and whilst
the prevalence of GDM in the countries where other studies were performed was assumed
to be similar to that of the UK, whether small differences can affect test performance
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remains uncertain. Future evidence syntheses may be more relevant if they only include
studies on the unselected UK pregnant women.

Outside of the population applicability issues, the main issue appears to be that for any test,
the higher thresholds can increase specificity, avoiding the OGTT in many women, but also
missing a significant proportion of women with GDM. On the other hand, low thresholds can
achieve a high sensitivity, but their specificity is low, leading to unnecessary OGTTs, which
could adversely affect some women, for example those who may be glucose intolerant, but
not have GDM. Furthermore, the test involves repeated blood draws and requires overnight
fasting, which may not be acceptable to many women.

Summary of Findings Relevant to Criterion 4: Criterion not met?

Quantity: The evidence base consisted of the Farrar 2016 IPD analysis and SLR, as well as of 13
primary studies. The only UK cohort was included in the IPD (BiB), otherwise 2 studies were from
the US, 2 from Japan and the remaining 9 primary studies in a different country each. The number
of women screened varied between 202 and 7,208 in the primary studies;®® 16,537 women were
also included in the IPD analysis of Farrar 2016. Studies focused mostly on the accuracy of using
various maternal characteristics or risk factors in screening for GDM (5 studies and Farrar 2016),
or on the accuracy of glucose tests (5 studies). Three studies investigated use of biomarkers in
GDM detection. None of the tests had performance superior to that of the currently used reference
standard and diagnostic test (GCT followed by 2 h OGTT using 151.5 mg/dL as the threshold for
elevated glucose). Screening by maternal risk factors, GCT or FPG was less accurate with
performance somewhat variable and depending on the risk factors and glucose thresholds used,
whereas screening using biomarkers had the poorest performance.

Quality: Studies were generally of good quality and at a low risk of bias. Issues in the primary
studies were mostly around the index test and not reporting a pre-specified threshold as well as
not offering a reference standard to all women in the study. Screennegative women were mostly
not offered the reference standard resulting in partial verification, possibly leading on the
overestimation of the performance in the diagnostic test accuracy. The Farrar SLR was judged to
be of high quality and at a low risk of bias.

T Met -for example, this should be applied in circumstances in which there is a sufficient volume of evidence of sufficient quality to judge an
outcome or effect which is unlikely to be changed by further research or systematic review.
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Not Met - for example, this should be applied in circumstances where there is insufficient evidence to clearly judge an outcome or effect or
where there is sufficient evidence of poor performance.

Uncertain -for example, this should be applied in circumstances in which the constraints of an evidence summary prevent a reliable answer to
the question. An example of this may be when the need for a systematic review and meta-analysis is identified by the rapid review.

Applicability: Although only the BiB cohort in Farrar 2016 was from the UK, the the evidence
was generally considered applicable to the UK setting. There were 5 studies with some concerns
around applicability due to the included population potentially having a different ethnic make-up
and in two studies the tests used (both biomarkers) were not ones commonly used in UK clinical
practice for population screening.

Consistency: Five studies investigated maternal risk factors and five looked at glucose tests;
however, consistency among studies of maternal risk factors was difficult to assess as the
strategies differed both with respect to the risk factors and the glucose tests and thresholds used.
Nevertheless, the prevailing results were consistent, in that the higher thresholds produced a
high specificity, but low sensitivity and lower thresholds had the opposite effect on the test
parameters. However, some GCT results had better specificity with a lower threshold than
others, though this may have been due to the use of different reference standard criteria or just
heterogeneity between the studies. None of the 3 studies of biomarkers evaluated the same test,
thus consistency could not be determined.

Summary: The glucose loading OGTT test was found to have a superior performance to any
other test; of the studies found a screening strategy that achieved test accuracies where both
specificity and sensitivity were high enough to consider the test as reliable and able to replace
the current test (2 h 75 g OGTT), which involves glucose loading and therefore poses some risk
of harm to women who are already suspected to be at risk of glucose intolerance. Using any of
those strategies and only applying OGTT in screenpositive women would likely miss a
considerable proportion of GDM (at a high threshold) or result in most women having to undergo
OGTT anyway (at a lower threshold). Therefore, the best currently available test is the diagnostic
OGTT test. Its drawbacks are uncertainty around its accuracy versus a different reference
standard or clinical diagnosis, as well as the risk of harm, with unknown consequences should it
be used in the population of all pregnant women. Given the uncertainty around the accuracy of
the OGTT, its unclear acceptability if used for screening, and lack of any better screening test,
criterion 4 is not met.
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Criterion 9 — There should be an effective intervention for patients identified through
screening, with evidence that intervention at a pre-symptomatic phase leads to better
outcomes for the screened individual compared with usual care.

Question 3 — What is the most effective intervention for lowering glucose levels in screen-detected
pregnant women with GDM and preventing adverse perinatal outcomes?

The aim of question 3 was to identify the efficacy of interventions — compared with other
interventions, no treatment or usual care — for lowering glucose levels and preventing
adverse outcomes in pregnant women with screen-detected GDM (i.e. low-risk women who
would not currently be treated based on the current NICE guidance).

The rapid review conducted for the UK NSC by Waugh and colleagues in 2010 synthesised
evidence for primary studies comparing insulin with usual care and oral glucose-lowering
treatment (with antidiabetic agents) with insulin for hyperglycaemia in pregnancy. It was not
necessary for GDM to be screen-detected and, in the majority of studies, it was not
specified whether screening was used. Two randomised trials compared insulin with usual
care. ACHOIS was an Australia- and UK-based trial where women with diagnosed
gestational diabetes were randomised to receive dietary advice and advised to self-monitor
glucose (the intervention group) or to standard care. In the intervention group, 20% of
women commenced insulin therapy. The rate of serious perinatal complications including
death, shoulder dystocia, bone fracture and nerve palsy was significantly lower in the
intervention group compared with the control group. A second study, the MFMU Network
trial compared diet and insulin therapy (if required) with "no specific treatment” in women
with screen-detected mild hyperglycaemia in pregnancy. In contrast with ACHOIS, there
was no significant difference between the intervention and control groups for the primary
outcome of a composite of perinatal mortality and morbidities (stillbirth, neonatal mortality,
hypoglycaemia, hyperbilirubinaemia, neonatal hyperinsulinaemia and birth trauma). Waugh
et al. noted that this difference may have been due to women in the MFMU Network trial
having lower levels of hyperglycaemia than women in the ACHOIS trial.®

For oral antidiabetic agents compared with insulin, 7 RCTs and 20 cohort studies were
included, comprising a total of 4425 participants. A large range of maternal and neonatal
outcomes were reported. Overall, the RCT evidence showed little difference between oral
drugs and insulin. In a comparison between glibenclamide and insulin, maternal
hypoglycaemia was lower, whereas neonatal hypoglycaemia and birth weight was lower for
glibenclamide. In a comparison between metformin and insulin, maternal weight gain was
lower with metformin, but age at delivery favoured insulin. Waugh 2020 concluded that both
glibenclamide and metformin could be used as alternatives to insulin, but noted that the
evidence base at the time was not sufficient to enable decision making about when the best
time to initiate therapy was.®
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Eligibility for inclusion in the review

This review searched for interventional and observational studies, including prospective,
retrospective and case-control studies. SLRs and MAs of these relevant study types,
published since January 2009, were also eligible for inclusion. Studies were included if the
population comprised pregnant women with GDM, or newborns of women with GDM (fewer
than 28 days of age). In order to avoid limiting available evidence, studies on any pregnant
women with GDM, not only screen-detected GDM were included. However, populations with
screen-detected treatments of interest included both pharmacological and lifestyle
interventions for GDM (e.g. diet and/or exercise). Comparators could be another treatment,
placebo or no treatment/standard of care. Outcomes of interest for question 3 included, but
were not limited to, pregnancy outcomes such as perinatal mortality, mode of birth and
gestational weight gain; maternal outcomes such as postpartum haemorrhage, method of
infant feeding and post-pregnancy type 2 diabetes; and neonatal outcomes including
macrosomia, birth injury, hypoglycaemia and admission to the neonatal intensive care unit
(NICU). Studies were not restricted geographically. Full details of eligibility criteria are
presented in Table 5.

Evidence was initially classified into 2 tiers: Tier 1 comprised studies conducted in the UK
whereas Tier 2 included studies conducted in all other eligible (OECD or EEA) countries.
Due to the high volume of evidence encountered, at the full text review stage the studies
were also further classified into 2 tiers based on study design: Tier 1 included only RCTs
(and SLRs/MAs thereof), and Tier 2 contained any other study design (and SLRs/MAs
thereof).

For this question (Q3), 3 SLRs on anti-diabetics, insulin or lifestyle interventions for GDM
were included as an evidence base and updated, with searches date-limited to 2016, when
the searches for these 3 SLRs were run.®-*3 In addition, chapter 6 of Farrar 2016, an SLR
and MA that formed part of the evidence base for Q1 and Q2 of this review (with searches
run in 2014), was also included a priori.* Any RCTs captured in these SLRs were not
dataextracted separately; their results were only included as part of any pooled/MA
conducted in the SLR, to avoid duplicate inclusions of the same trial.

Description of the evidence

Characteristics of included studies (Q3)
A total of 4 SLRs and 59 publications on 55 studies were included. The SLRs included 26
unique RCTSs.
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Due to the high volume of evidence identified, Tier 1 study design records, which comprised
RCTs from any eligible country (12 publications on 8 unique RCTSs), were prioritised for
evidence synthesis. Prioritising only RCT evidence was also in line with the approaches
taken in the 4 included SLRs. Due to lower methodological quality, the non-randomised
interventional and observational studies (Tier 2, 47 publications) whilst included in the
review, were not extracted or considered in the evidence synthesis.

None of the SLRs specified that women with GDM were required to be screen-detected;
women just needed to have GDM, with diagnoses as defined by individual studies. All but 1
of the 8 included RCTs also did not specify whether the population needed to be
screendetected GDM. The only study that did was the MFMU Network RCT, which noted
that women without an overt diagnosis of diabetes mellitus underwent universal screening
with a 50 g GCT between 24 and 28 weeks of gestation.%

Brown 2017L/A/l and Farrar 2016 SLRs

Three high quality SLRs conducted by the Cochrane Collaboration were part of the
evidence base for this question. The aim of Brown 2017L (Lifestyle) was to evaluate the
effect of lifestyle interventions with or without pharmacotherapy on treatment of women with
GDM.%! Brown 2017A (Anti-diabetics)®? evaluated the effect of anti-diabetic pharmacological
therapies and Brown 20171 (Insulin)®? looked specifically at the effect of insulin. Farrar 2016
examined the effect of all of the above on the treatment of GDM (lifestyle interventions,
insulin and other pharmacological therapies).*

The scopes of these reviews were very closely aligned with the eligibility criteria for question
3, except that the SLRs were broader in that they had no geographical limits on where the
studies were conducted, and examined more outcomes than were the focus for this rapid
review.

Brown 2017L included 15 RCTs of lifestyle interventions in women with GDM, conducted in
the US (n=4), China (n=2), Iran (n=2), Canada (n=2), UK (n=1), Italy (n=1), UAE (n=1),
Thailand (n=1), and Australia and UK (n=1).°* Nine of the included RCTs provided details of
diagnostic criteria for GDM, which included WHO 1999 (n=3); CC (n=2); ADA 2000 (n=1);
ADIPS 1998 (n=1); IADPSG 2010 (n=1) and Hatem 1988 (n=1). Six RCTs did not provide
details of diagnostic criteria.

Brown 2017A included 11 RCTs in the qualitative synthesis and 8 RCTs in the MA
(quantitative synthesis) on antidiabetic agents (metformin, glibenclamide, acarbose,
chlorpropamide and tolbutamide) in women with GDM.®3 The RCTs were conducted in
Brazil (n=3), US (n=3), India (n=2), South Africa (n=1), UK (n=1) and Israel (n=1). The
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diagnostic criteria for GDM used in individual studies was reported in 8 RCTs, and
comprised CC (n=3); NDGG 1979 (n=2); WHO 1999 (n=2) and unspecified WHO (n=1).
Three RCTs did not provide details of diagnostic criteria.

Brown 20171 included 53 RCTs in the qualitative synthesis and 51 RCTs in the MA
(quantitative synthesis) with at least 1 insulin therapy arm.%? The RCTs were conducted in
the US (n=16), India (n=7), Iran (n=6), Egypt (n=3), Brazil (n=3), Pakistan (n=3), Finland
(n=3), Italy (n=2), Sweden (n=1), Canada (n=1), Ghana (n=1), Australia (n=1), New Zealand
and Australia (n=1), Turkey (n=1), Israel (n=1), Malaysia (n=1), South Africa (n=1) and
Poland (n=1). The diagnostic criteria for GDM were reported in 35 studies, and not reported
in 18 studies.

The Farrar 2016 SLR/MA itself updated 5 existing SLRs and included 47 RCTs in the
qualitative synthesis and 45 RCTs in the MA (quantitative synthesis) and included any of
lifestyle, insulin or antidiabetic interventions.* Twenty-three trials included antidiabetic
agents in at least 1 arm (metformin and/or glibenclamide), 5 trials compared different insulin
formulations, 9 trials compared different diets and 10 trials compared combinations of diet
modification, glucose monitoring and insulin with routine obstetric care. The diagnostic
criteria for GDM was varied and included CC, NDDA, WHO, ADA or local guidelines.

Primary RCTs from database searches

Ultimately, 12 articles on 8 unique RCTs from databases were selected for extraction for
question 3.9419 The smallest study recruited 12 participants, and the largest study recruited
932 participants.®* % |dentified evidence was found for the following treatments: insulin,
metformin, glibenclamide, glyburide, dietary interventions including low or high carbohydrate
diets, and a structured exercise programme.

Four RCTs reported on the impact of pharmacological treatments on pregnancy and
neonatal outcomes in women with GDM.# 91,92, 96,97, 99,100 Each of the RCTs was conducted
in a different country: GRACES in the UK, INDAO in France, Pellonpera 2016 in Finland,
and MiG in Australia and New Zealand.%: 97 99. 100 The biggest sample was enrolled in
INDAO (N=809) and the smallest in GRACES (N=23).%: °7 Two trials compared glyburide
with insulin (INDAO and GRACES) and 2 compared metformin with insulin (Pellonpera 2016
and MiG).%: 100

Four RCTs evaluated the impact of lifestyle interventions on pregnancy and neonatal
outcomes in pregnant women with GDM.%% 94,95, 98,104 One RCT, Kokic 2018, was
conducted in Croatia and compared a structured exercise programme plus nutritional
therapy against standard prenatal care.®® The other 3 RCTs were all conducted in the US
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and investigated the effects of diet or nutritional advice on GDM treatment.®* 9194 |n the
MFMU Network trial, women were either randomised to formal nutritional counselling and
diet therapy along with insulin if required, or usual prenatal care.®*

In the Trout 2016 study, women with GDM randomised to the intervention group were
instructed on minimum and maximum recommended carbohydrate levels (35 to 40% of total
calories, respectively). Women in the control group had a carbohydrate intake level set at
50-55% of total calories.'% The CHOICE diet study compared a higher-complex
carbohydrate, lower-fat diet (CHOICE diet, composed of 60% carbohydrate, 25% fat, 15%
protein) with a low-carbohydrate, higher-fat diet (composed of 40% carbohydrate, 45% fat,
15% protein, matched with the CHOICE diet for fat, simple sugars and fibre content). Menus
were prepared by the research centre nutrition serviced and picked up by participants every
72 hours.%

A study-level summary of data extracted from each included publication is presented in
Appendix 3.

Discussion of findings

Quality assessment

Brown 2017 and Farrar 2016 SLRs
The quality of the 4 included SLRs was appraised using the AMSTAR 2 checklist; a
summary is presented in Table 102 (Appendix 4).

The SLRs were found to be at a low risk of bias. All sufficiently described the objectives and
inclusion criteria using the PICO framework, and had their methods established prior to
commencing the review as evidenced by the availability of protocols. While all 4 SLRs were
failed to provide a justification of study design selected, this is unlikely to place them at a
high risk of bias as their selection of studies was appropriate for the research question
posed. Search strategy, study selection and data extraction were judged to be appropriate
and reporting was comprehensive in all SLRs except for Farrar 2016, who did not report on
the source of funding for included studies. All SLRs also conducted MAs using appropriate
statistical methods, and sufficiently assessed the risk of bias of the individual studies and
the potential impact on results. Although Brown 2017A and Brown 2017L failed to
investigate publication bias, it is not expected to affect the applicability of the reviews.

RCTs
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The quality of the 8 included RCTs (reported through 12 publications) was appraised using
an adapted Cochrane Risk of Bias checklist,'% (Table 96; Appendix 4). A summary of the
risk of bias is presented in Table 24, and the full appraisal is presented in Table 106 to
Table 108 (Appendix 4). Overall, 3 studies were judged to be at low risk of bias, 3 had some
concerns of bias and 2 were at high risk of bias due to issues with missing outcome data in
1 case and measurement of outcome in the other.

Table 24. Summary of Cochrane Risk of Bias assessments for RCTs evaluating treatment in
women with GDM

Pharmacological interventions Lifestyle interventions

Rowan 2018 Hernande Reynolds Trout
99 Senat MFMU 104
(MiG) z 2016 2017 Kokic Pellonpera 94,2016 Risk of bias 2018 o6 95 100, 103 Network
(CHOICE 97 (GRACES) 2018 2016 102diet)

95,100 (INDAO)

Randomisation
process

Effect of
assignment to
intervention

Missing outcome
data

Measurement of
outcome

Selection of the
reported result

Overall risk of
bias

Randomisation process

The risk of bias arising from the randomisation process was judged to be low across 4 trials,
and at "some concerns" for the other 4 trials, where reporting of the randomisation and
allocation concealment was poor.®* 9 190 However, randomisation was deemed appropriate
as demonstrated by similar baseline characteristics between treatment arms.

Effect of assignment to interventions

There was a low risk of bias in 7 out of 8 included trials for this domain. None of the studies
were reported to have been blinded, and therefore study personnel and participants were
likely aware of treatment allocation. However, this was not judged to adversely impact
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assignment to interventions as there were no apparent deviations from the intended
intervention due to the lack of blinding. All trials analysed outcome data on an
intentiontotreat (ITT) or modified ITT basis, demonstrating appropriate analysis methods.
There was some concern about the risk of bias due to deviations form interventions in Trout
2016, as a considerable proportion of women did not complete their food logs but there was
no information on likely deviations from diet in these patrticipants.1%4

Missing outcome data

Outcome data was available for at least 90% of participants in 5 out of the 8 included trials.
In the MIG trial, the long-term follow-up rate was low and considered to be different from the
initial cohort.®® This study was therefore at a high risk of bias for this domain.

Measurement of outcome

The CHOICE trial was at a high risk of bias for this domain, as the analysis of study
outcomes was not sufficiently powered for statistical analyses due to a small sample size.%
The methods of measuring outcomes were considered appropriate and consistent between
treatment arms in the other 7 included trials, resulting in low risk of bias.

Selection of the reported result

Three trials carried some concerns for bias for selection of the reported result, due to
unavailability of a pre-specified analysis plan.%* %2 190 The other 5 trials reported that
outcomes were pre-specified and were therefore at a low risk of bias.

Results

Key results are presented in Table 41. Full details of the included studies and their results
can be found in Appendix 3. In the following sections, outcome results are considered
separately for the different comparisons of interventions of interest.

Glibenclamide vs placebo

One RCT included in the Brown 2017A SLR compared the effects of treatment with
glibenclamide vs placebo. This was the only study identified in the rapid review that
examined the comparison between an oral antidiabetic agent and placebo. There was no
significant difference between glibenclamide and placebo for any of the reported
maternal/pregnancy or neonatal outcomes, with all 95% ClIs of RR spanning from below to
above 1 (Table 25 and Table 26).%3
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Table 25. Maternal and pregnancy outcomes reported by trials of glibenclamide vs placebo
for GDM

o Intervention/ o o I Risk ratio| pvalue
utcome Comparator utcome utcome value (95% ClI)

Pregnancy outcomes

Placebo 167 per 1000 1 (ref)
.| Brown 2017A Anticipated
Preeclampsia 207 per 1000 (95% Cl 1.24 (0.81 to NR
P (1 RCT)® absolute effects 135 to 317) 1.90)

Glibenclamide

Mode of delivery

Placebo 188 per 1000 1 (ref)
Induction of | Brown 2017A Anticipated 222 per 1000 (95% ClI 1.18 (0.79 to
labour (1 RCT)® absolute effects 149 {)o 331) (95% 1'76)( ' NR
Glibenclamide '
C-section Placebo 360 per 1000 1 (ref) NR
Brown 2017A (1 i lami Anticipated absolute 371 per 1000 (95% ClI 1.03 (0.79to
RCT)® Glibenclamide oo crg 285 to 483) 1.34)

Abbreviations: Cl, confidence interval; NR, not reported; RCT, randomised controlled trial; RR, relative risk

Table 26. Neonatal outcomes reported by trials of glibenclamide vs placebo for GDM

Intervention/ Risk ratio (95% pvalue
Outcome Study Comparator Outcome Outcome value -

Glucose tolerance
B 2017A Placebo Anticiated 118 per 1000 1 (ref)
rown nticipate
LGA 105 per 1000 (95% ClI NR
1 RCT)® ; - | ff
(1 RCT) Glibenclamide absolute effects 60 to 187) 0.89 (0.51 to 1.58)
Glibenclamide 11 per 1000 1 (ref)
Neonatal Brown 2017A Anticipated 21 per 1000 (95% Cl 4 NR
hypoglycaemia | (4 RCTs)® absolute effects | 114) 1.97 (0.36 to 10.62)
Metformin

Abbreviations: CI, confidence interval; LGA, large for gestational age; NICU, neonatal intensive care unit NR, not reported; RCT, randomised
controlled trial; RR, relative risk

Metformin vs insulin

Two RCTs and 1 SLR (Farrar 2016) compared metformin and insulin.4 9 100

Maternal and pregnancy outcomes

Two RCTs (the Australian 2018 MiG study®® and Finnish Pellonpera 2016'%°) and the Farrar
2016 SLR# (including data on 3 to 5 RCTs, depending on the outcome) compared metformin
and insulin and reported on at least 1 maternal or pregnancy outcome (Table

27).
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There was no significant difference between metformin and insulin in preventing gestational
hypertension in either of the 2 trials that reported this outcome. The MiG study found rates
of 1% vs 0% (p=1.00) in the 7-year cohort, and 11.1% vs 5.5% (p=0.46) in the 9-year cohort
for metformin and insulin, respectively,®® whilst Pellonpera 2016 found rates of 1.8% vs
3.7% (p=0.44).19° The same 2 RCTs also reported on rates of pre-eclampsia and similarly,
found no significant difference between the interventions (metformin vs insulin, 5.1% vs
3.9% [p=1.00] in MIiG 7-year cohort; 4.4% vs 0% [p=0.20] in MiG 9-year cohort; 4.6% vs
9.3% [p=0.17]). These findings were reflected by the Farrar 2016 meta-analysis which found
no clear difference in risk of pre-eclampsia in women treated with metformin compared to
women treated with insulin (RR 0.74, 95% CI 0.48 to 1.14).# The MiG study and Pellonpera
2016 also both reported on gestational age at birth, which ranged from 38.4

+ 1.3 t0 39.2 + 1.4 weeks in women treated with metformin,®® 1% and 38.5 + 1.2 t0 39.4 +
1.6 weeks in women treated with insulin.®® 1°© Comparisons were insignificant with the
exception of the 7-year MiG cohort where gestational age was slightly higher in women
treated with insulin than with metformin (38.8 + 1.0 weeks vs 38.4 + 1.2 weeks, p=0.05).%° In
similar fashion, there were no significant differences in rates of pre-term birth in either the
MiG study (metformin vs insulin, 10.3% vs 3.9% [p=0.28] in the 7-year cohort; 11.1% vs
11.1% [p=1.00] in the 9-year cohort)®® or the Farrar 2016 SLR (RR 1.37, 95% CI 0.62 to
3.01 for metformin vs insulin).*

The Farrar 2016 MA and Pellonpera 2016 reported comparisons between metformin and
insulin for 3 different modes of birth: assisted/instrumental vaginal delivery; induction of
labour and C-section.* 1% The results from both studies were in agreement for C-section, in
that there was no significant difference between the rates of these outcomes in women
treated with metformin or insulin (p>0.05) (Table 27). However, results were inconsistent for
instrumental delivery and induction of labour. The Farrar 2016 MA found that the risk of
instrumental delivery was significantly higher in women treated with metformin than insulin
(RR 1.66, 95% CI 1.37 to 2.01) based on data from 3 trials,* whilst Pellonpera 2016 found
no significant difference (metformin vs insulin, 8.3% vs 7.5%, p=0.83).1% This pattern was
reversed for induction of labour. Whilst Pellonpera 2016 found that induction of labour was
significantly more common in women treated with insulin than metformin (54.2% vs 37.6%,
p=0.014),1% Farrar 2016 saw no such association (RR 0.84, 95% CI 0.60 to 1.18 for
metformin vs insulin).*

The MiG 2018 study and Pellonpera 2016 also reported on methods of infant feeding.
Neither measures of risk nor levels of significance were reported for breastfeeding
outcomes, therefore differences between insulin and metformin treatment could not be
quantified. However, in the MiG 2018 study, rates of breastfeeding and formula feeding
were similar in both arms in the 7- and 9-year cohorts (Table 27).%° In Pellonpera 2016, the
mean duration of breastfeeding following delivery was also similar between treatment arms
for breastfeeding overall (metformin: 6.31 + 4.00 months vs insulin: 6.59 + 4.44 months),
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and for exclusive breastfeeding (metformin: 2.76 + 2.37 months vs insulin: 2.58 + 2.43
months).190
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The only long-term maternal outcome reported for the comparison between metformin and
insulin was post-pregnancy type 2 diabetes in Pellonpera 2016. The rates appeared similar
(3.9% vs 5.0%) but level of significance was not reported.1°

Metformin and insulin appear comparable in terms of maternal and pregnancy outcomes.
Nevertheless, as no studies were conducted specifically in screen detected women, it is
uncertain whether the same conclusion could be drawn for this population.
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Table 27. Maternal and pregnancy outcomes reported by trials of metformin vs insulin for GDM

Outcome Study Intervention/Comparator Outcome Outcome RR (95% CI)
measure value

Pregnancy outcomes

Gestational
hypertension

Pre-eclampsia

Gestational age at
birth

Pre-term birth

Pellonpera
20160

Rowan 2018
(MiG)*

Rowan 2018
(MiG)®*®

Pellonpera
2016

Farrar 2016; 4
RCTs

Pellonpera
2016

Rowan 2018
(MiG)®*®

Rowan 2018
(MiG)*®

Farrar 2016; 4
RCTs

Metformin (n=110)

Insulin (n=107)

Metformin, 7-year cohort (n=109)
Insulin, 7-year cohort (n=51)
Metformin, 9-year cohort (n=45)
Insulin, 9-year cohort (n=54)

Metformin, 7-year cohort (n=109)
Insulin, 7-year cohort (n=51)
Metformin, 9-year cohort (n=45)
Insulin, 9-year cohort (n=54)

Metformin (n=110)

Insulin (n=107)
Metformin

Insulin

Metformin (n=110)

Insulin (n=107)

Metformin, 7-year cohort (n=109)
Insulin, 7-year cohort (n=51)
Metformin, 9-year cohort (n=45)
Insulin, 9-year cohort (n=54)

Metformin, 7-year cohort (n=109)
Insulin, 7-year cohort (n=51)

Metformin, 9-year cohort (n=45)
Insulin, 9-year cohort (n=54)

Metformin
Insulin

n (%)

n (%)

n (%)

n (%)

NR
NR

Mean (SD)

Mean (SD)

n (%)

NR
NR

2(1.8)
4(3.7)

1(1.7)
0 (0)
5(11.1)
3 (5.5)
3(5.1)
2(3.9)
2 (4.4)
0(0)

5 (4.6)
10 (9.3)

NR
NR

39.2 (1.40)
39.4 (1.58)

38.4 (1.2)
38.8 (1.0)
38.4 (1.3)
38.5 (1.2)
6 (10.3)
2(3.9)

5(11.1)
6 (11.1)

NR
NR

NR
NR

NR
NR
NR
NR
NR
NR
NR
NR
NR
NR

0.74 (0.48 to 1.14)
1 (ref)

NR

NR

NR
NR
NR
NR
NR
NR

NR
NR

1.37 (0.62 to 3.01)
1 (ref)

p-value

0.44

1.00
0.46
1.00

0.20

0.17

0.43

0.05

0.75

0.28

1.00



Mode of birth

Assisted/instrumental

vaginal

Induction of labour

C-section

Method of infant feeding

Breastfeeding

Pellonpera
2016

Farrar 2016; 3

RCTs

Pellonpera
20160
Farrar 2016

Pellonpera
2016

Farrar 2016; 5

RCTs

Metformin (n=110)

Insulin (n=107)
Metformin

Insulin

Metformin (n=110)

Insulin (n=107)
Metformin

Insulin

Metformin (n=110)

Insulin (n=107)

Metformin

Insulin

Metformin, 7-year cohort (n=109)

UK NSC external review — Screening for Gestational Diabetes

Outcome Study Intervention/Comparator Outcome Outcome RR (95% CI) p-value
measure value

Breastfeeding
exclusively

Formula feeding

Rowan 2018
(MiG)®®

Pellonpera

2016

Pellonpera
20160

Rowan 2018
(MiG)®®

Insulin, 7-year cohort (n=51)

Metformin, 9-year cohort (n=45)
Insulin, 9-year cohort (n=54)

Metformin (=110)

Insulin (n=107)
Metformin (=110)

Insulin (n=107)
Metformin, 7-year cohort (n=109)
Insulin, 7-year cohort (n=51)

n (%)

NR
NR

n (%)

NR
NR

n (%)

NR
NR

n (%)

Mean months
(SD)

Mean months
(SD)

n (%)

9 (8.3)
8 (7.5)

NR
NR

41 (37.6)
58 (54.2)

NR
NR

15 (13.8)
18 (16.8)

NR
NR

32 (55.1)

25 (49.0)

25 (55.6)
30 (56.6)
6.31 (4.00)
6.59 (4.44)

2.76 (2.37)
2.58 (2.43)

17 (29.3)
13 (25.5)

NR
NR

1.66 (1.37 to 2.01)
1 (ref)

NR

NR

0.84 (0.60 to0 1.18)
1 (ref)

NR

NR

1.03 (0.66 to 1.62)
1 (ref)

NR

NR
NR
NR
NR

NR
NR

NR
NR

0.83
NR
0.014
NR

0.53

NR

NR
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Both breast and
formula feeding

Long-term outcomes
Post-pregnancy T2D

Rowan 2018
(MiG)®

Pellonpera
2016%®

Metformin, 9-year cohort (n=45)
Insulin, 9-year cohort (n=54)

Metformin, 7-year cohort (n=109)
Insulin, 7-year cohort (n=51)
Metformin, 9-year cohort (n=45)
Insulin, 9-year cohort (n=54)

Metformin (=110)

Insulin (n=107)

n (%)

n (%)

5(11.1)
10 (18.9)
5 (8.6)
13 (25.5)
14 (31.1)
13 (24.5)

4 (3.9)
5 (5.0)

Abbreviations: Cl, confidence interval; MiG, Metformin in Gestational Diabetes study; NR, not reported; RCT, randomised controlled trial; RR, relative risk; SD, standard deviation;

T2D, type 2 diabetes
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Neonatal outcomes

The same 3 studies (2 RCTs and the Farrar 2016 SLR including data on 3 to 9 RCTs
depending on the outcome) that reported on maternal outcomes compared metformin and
insulin and reported on at least 1 neonatal outcome (Table 28).4 99 100

In the MIG trial, there was no significant difference between metformin and insulin for birth
weight (p=0.10 for 7-year cohort, p=0.69 for 9-year cohort).®® Similarly, there was no
significant difference between metformin and insulin for macrosomia (reported by
Pellonpera 2016 [p=0.21] 1°° and Farrar 2016 [RR 0.75, 95% CI 0.57 to 0.98]).* The
incidence of LGA was reported to be significantly higher in those recieving metformin in the
7-year cohort of the MiG trial (20.7%), compared with insulin (5.9%; p=0.029).°° However,
no significant difference was detected in the longer 9-year cohort (11.1% vs 11.1%; p=1.00)
in the same study,®® or in an analysis based on 6 RCTs in Farrar 2016 (RR 0.81, 95% ClI
0.62 to 1.05).% Farrar 2016 was the only study to report on neonatal hypoglycaemia for this
treatment comparison, finding a lower risk in women treated with metformin compared with
those treated with insulin (RR 0.71, 95% CI 0.51 to 0.98).% Farrar 2016 was also the only
study to report on any form of birth injury, finding no significant between-arm difference in
shoulder dystocia (RR 0.99, 95% CI 0.67 to 1.05).4

The other neonatal outcomes reported for metformin vs insulin were NICU admission and 5
minute Apgar score, both reported by Pellonpera 2016 and Farrar 2016. Results were
consistent across both studies, with neither finding a significant difference for either NICU
admission (Pellonpera 2016: 30.1% vs 36.4%, p=0.36;1% Farrar 2016: RR 0.79, 95% CI
0.61 to 1.01%) or 5 minute Apgar score (Pellonpera 2016: 1.02% vs 0.98%, p=0.81;1%
Farrar 2016: RR 3.06, 95% CI 0.31 to 29.26%) for insulin compared to metformin.

Similar to maternal outcomes, metformin and insulin appear comparable for neonatal
outcomes; however, having no studies reporting these outcomes in screen-detected women
precludes drawing the same conclusion for this population.
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Table 28. Neonatal outcomes reported by trials of metformin vs insulin for GDM

Glucose tolerance
Metformin, 7-year cohort
(n=109) 3,481 (565) NR 010
Insulin, 7-year cohort (n=51 3,324 (431 NR
Birth weight Ro_wagr; 2018 : y ( ) Mean g (SD) (431)
(MIiG) Metformin, 9-year cohort 3.984 (563 NR
(n=45) 1284 (563) 0.69
Insulin, 9-year cohort (n=54) 3,238 (542) NR
Pellonpera Metformin (n=110) 5(4.6) NR
2016,%° 0.2
n (% 21
. Huhtala Insulin (n=107) %) 10 (9.3) NR
Macrosomia 2018103
Farrar 2016; 9 | Metformin NR NR 0.75 (0.57 to 0.98) NR
RCTs* Insulin NR NR 1 (ref) NR
Metformin, 7-year cohort
(n=109) 12.(20.7) R 0.029
Rowan 2018 Insulin, 7-year cohort (n=51) n (%) 3(5.9) NR
(MiG)®*® Metformin, 9-year cohort
LGA (n=45) 5(11.1) NR 100
Insulin, 9-year cohort (n=54) 6 (11.1) NR
Farrar 2016; 6 | Metformin NR NR 0.81 (0.62 to 1.05) NR
RCTs* Insulin NR NR 1 (ref) NR
Neonatal Farrar 2016; 7 | Metformin NR NR 0.71 (0.51 to 0.98) NR
hypoglycaemia | RCTs* Insulin NR NR 1 (ref) NR
Birth injury
Shoulder Farrar | 2016; 3| Metformin NR NR 0.99 (0.67 to 1.05) NR
dystocia RCTs* | Insulin NR NR NR NR
Other outcomes
NICU admission | Pellonpera '~ Metformin (n=110) ' n (%) 1 33(30.1) NR | 0.36




2016,
Huhtala
2018103

Farrar 2016% 8

RCTs

Pellonpera
2016,
Huhtala

Apgar score, 5 2018103

min

Farrar 2016*

Insulin (n=107)

Metformin NR

Insulin NR

Metformin (n=110)

Mean (SD
Insulin (n=107) (SP)
Insulin NR
Metformin NR

39 (36.4)

NR

NR

8.80 (1.02)

8.85 (0.98)

NR
NR

NR

0.79 (0.61 to 1.01)

NR

NR

NR

3.06 (0.31 to 29.26)
1 (ref)

0.81

NR
NR

Abbreviations: Cl, confidence interval; MiG, Metformin in Gestational Diabetes study; LGA, large for gestational age; NICU, neonatal intensive care unit; NR, not reported; RCT,
randomised controlled trial; RR, relative risk; SD, standard deviation
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Glibenclamide/glyburide vs insulin

Two RCTs and 1 SLR (Farrar 2016) compared glibenclamide/glyburide and insulin.# % 97

Maternal and pregnancy outcomes

Two RCTs (INDAO 2018 and GRACES 2017) and the Farrar 2016 SLR (including data on 1
to 4 RCTs depending on the outcome) compared glibenclamide/glyburide and insulin and
reported on at least 1 maternal or pregnancy outcome (Table 29). The GRACES 2017 trial
included women who had failed to achieve adequate glycaemic control on metformin
monotherapy.®’ For all reported outcomes for this comparison, differences between arms
were either not statistically quantified, or there was no significant difference.

No study reported on gestational hypertension. Farrar 2016 was the only study to report on
pre-eclampsia for this comparison and found neither treatment to confer significantly lower
risk than the other (RR 1.14, 95% CI 0.60 to 2.18 for glibenclamide vs insulin).* The
frequency of pre-term birth was similar between glyburide and insulin arms in the INDAO
trial (glyburide 6.8% vs insulin 4.1%)% and though substantially different in the GRACES
trial (glibenclamide 0% vs insulin 30%),%’ this may be explained by the small patient
numbers (n=13 in glibenclamide, n=10 in insulin). In addition, the Farrar 2016 SLR did not
find a clear benefit for either treatment (RR 0.50, 95% CI 0.05 to 5.24 for glyburide vs
insulin) on the basis of 1 included RCT.# The INDAO trial also reported on the rates of
several different modes of delivery. Rates of spontaneous vaginal delivery (55.9% vs
56.8%), assisted vaginal delivery (17.2% vs 15.2%) and C-section (emergency: 17.2% vs
13.1%; elective: 9.8% vs 14.9%) were similar across arms for glyburide/glibenclamide vs
insulin (p values not reported). However, the rates of different modes of birth were
statistically different (p=0.08 [data not shown]).%

The GRACES trial reported on change in maternal weight between randomisation and 36
weeks of gestation, seeing a mean increase of 1.8 + 3.5 kg with glibenclamide and 1.0 + 1.5
kg with insulin (mean difference —0.77, 95% CI —3.55 to 2.01 kg).®” The GRACES trial also
reported on rates of different modes of delivery, however as with pre-term birth, the results
are unreliable due to small patient numbers.%’

Glybenclamide/glyburide and insulin appear comparable for maternal and pregnancy
outcomes. Nevertheless, the studies did not report any outcomes in screen detected
women and so it is uncertain whether the same conclusion could be drawn for this
population.
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Table 29. Maternal and pregnancy outcomes reported by trials of glibenclamide/glyburide vs
insulin

Outcome Study Intervention (nin  [(Outcome Outcome RR (95% |p value
arm) measure alue Cl)

Pregnancy outcomes

Pre-eclampsia Farrar . . 1.14 (0.60 to
2016: 2 Glibenclamide NR NR 2.18) .
RCTs* Insulin NR NR 1 (ref)
Gestational age at birth Glibenclamide (n=13) 38.3(38.0to Median
394 difference
(C;FécgoElc?s Insulin (n=10) Median weeks ) 071  p
2017) (IQR) 38.1(36.41t0 1.86 to
38.6) 0.29)
Preterm birth INDAO Glyburide (n=367) 25 (6.8) NR NR
(Senat ) n (%)
2018)% Insulin (n=442) 18 (4.1) NR NR
Farrar . 0.50 (0.05 to
RCT* Insulin NR NR 1 (ref) NR
GRACES | Glibenclamide (n=13) 0(0.0) NR
(Reynolds in (n= n (% NR
2017)" Insulin (n=10) (%) 3(30.0) NR
Gestational weight gain = GRACES = Glibenclamide (n=13) 1.8 (3.5) Mean
(Reynolds  |nsylin (n=10) difference
2017)% Mean kg (SD) —0.77 (- NR
1.0(1.5) 3.55t0
2.01)
Mode of birth
Spontaneous vaginal = INDAO Glyburide (n=367) 205 (55.9) NR
(Senat in (n= n (% NR
sorgye  nouin (n=442) %) 251 (56.8) NR
GRACES | Glibenclamide (n=13) 8 (61.5) NR
(Reynolds in (n= n (% NR
2017)" Insulin (n=10) (%) 3(30.0) N
Assisted/instrumental = INDAO Glyburide (n=367) 63 (17.2) NR
vaginal (Senat in (n= n (% NR
2018y Insulin (n=442) (%) 67 (15.2) -
GRACES Glibenclamide (n=13) 1(7.7) NR
(Reynolds  |nsylin (n=10 n (% NR NR
2017)” ( ) 0) 1 (10.0)
C-section INDAO Glyburide (n=367) Emergency: 63
(Senat (17.2) NR
2018)% Elective: 36 (9.8)
Insulin (n=442) Emergency: 58
n (%) NR
(13.1) NR
Elective: 66
(14.9)
GRACES Glibenclamide (n=13) Emergency: 0
(Reynolds (0.0) NR
2017)% Elective: 4 (30.8)
Insulin (n=10) Emergency: 4
n (%) NR

Page 133



UK NSC external review — Screening for Gestational Diabetes

(40.0)

Elective:2 (20.0)
Farrar Glibenclamide 0.86 (0.66 to
2016; 4 1.12)
RCTs* Insulin 1 (ref)

Abbreviations: Cl, confidence interval; GRACES, Glibenclamide and metfoRmin versus stAndard care in gEstational diabeteS; INDAO, Insulin
Daonil; IQR, interquartile range; NR, not reported; RCT, randomised controlled trial; RR, relative risk; SD, standard deviation

Neonatal outcomes

The same 2 RCTs (INDAO 2018 and GRACES 2017) and the Farrar 2016 SLR (including
data on 2 to 5 RCTs depending on the outcome) also compared glibenclamide/glyburide
and insulin and reported on at least 1 neonatal outcome (Table 30).4 % 97

The Farrar 2016 SLR reported found no significant difference between glibenclamide vs
insulin for either macrosomia (RR 2.66, 95% CI 0.91 to 7.77) or LGA (RR 2.44, 95% CI1 0.97
to 6.15).# Similarly, they also found no significant difference in neonatal hypoglycaemia (RR
1.60, 95% CI 0.99 to 2.60).#* The GRACES trial also reported on neonatal hypoglycaemia
and found 3 events (27.3%) in the glibenclamide arm vs 1 event (11.1%) in the insulin arm,
however no measures of statistical significance were reported and small patient numbers
make it difficult to draw robust conclusions.®’

The INDAO study of glyburide versus insulin found no significant difference between
treatment arms for all birth injuries, including shoulder dystocia, bone fracture, nerve palsy
and other injuries (p=0.66).%¢ The INDAO trial also reported perinatal mortality. There were
no deaths in the glyburide arm, and 2 deaths in the insulin arm, although no statistical
analyses were conducted.®®

There were no apparent differences for either severe respiratory distress syndrome or
admission to NICU in the 2 and 3 RCTs reporting these outcomes, respectively (p>0.05 or
not reported). The GRACES study also reported on the frequency of Apgar score <7 at 5
minutes of age, recording 0 events in both the glibenclamide and insulin arms.®’

Similar to maternal outcomes, glybenclamide/glyburide and insulin appear comparable for
neonatal outcomes; however, lack of studies in screen-detected women precludes drawing
the same conclusion for this population.

Table 30. Neonatal outcomes reported by trials of glibenclamide/glyburide vs insulin for
GDM

d Intervention/ I Risk ratio I
Outcome Study Comparator Outcome | Outcome value (95% Cl) p-value

Glucose tolerance
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. . 2.66 (0.91 to
. Farrar 2016; @ Glibenclamide NR NR 7.77) NR
Macrosomia 4 RCTs* :
Insulin NR NR 1 (ref) NR
2.44 (0.97 to
Farrar 2016: | Glibenclamide NR NR 6.15 ( NR
LGA : 15)
5 RCTs* .
Insulin NR NR NR NR
. . 1.60 (0.99 to
Neonatal Farrar 2016; = Glibenclamide NR NR 2.60) NR
h | i 4 RCTs*
ypoglycaemia CTs Insulin NR NR 1 (ref) NR
GRACES Glibenclamide
(Reynolds (n=13) n (%) 3(27.3) NR NR
2017) Insulin (n=10) 1(11.1)
o Intervention/ o o I Risk ratio
utcome Comparator utcome utcome value (95% Cl)
Birth injury
GRACES Glibenclamide
(Reynolds (n=13) n (%) 0(0) NR NR
Shoulder 2017)% Insulin (n=10) 0@
dystocia INDAO Glyburide (n=367) 1 NR
(Senat n
2018)% Insulin (n=442) 2 NR
INDAO Glyburide (n=367) 1 NR
Bone fracture | (Senat , n .
2018)% Insulin (n=442) 6 NR 0.66 (for all birth
INDAO Glyburide (n=367) 1 NR :zjsuu?i’r']f'yb””de vs
Nerve palsy (Senat _ n
2018)% Insulin (n=442) 0 NR
INDAO Glyburide (n=367) 3 NR
Other (Senat _ n
2018)% Insulin (n=442) 1 NR
Other outcomes
. INDAO Glyburide (n=367) 0 NR
Perinatal (Senat _ n NR
mortality 2018)% Insulin (n=442) 2 NR
INDAO Glyburide (n=367) 8(1.9) NR
(Senat n (% 0.75
Severe 2018)°* Insulin (n=442) %) 11 (2.2) NR
respiratory
distress GRACES Glibenclamide
syndrome (Reynolds (n=13) n (%) 0(0) NR NR
2017)% Insulin (n=10) 0(0
Before 47h of life:
10 (2.3) Admission
Glyburide (n=367) to neonatal ward: NR _
27 (7.9) Before 47h of life:
INDAO 0.87
(Senat n (%) . Admission to
. 9% Before 47h of life: tal d:
NICU admission  2018) 11 (2.4) Admission 8?806% alward.
Insulin (n=442) to neonatal ward: NR
34(8.2)
Farrar 2016; . . 0.95 (0.49 to
> RCTs Glibenclamide NR NR 1.84) NR
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Insulin NR
GRACES Glibenclamide
(Reynolds (n=13) n (%) 4(30.8) NR NR
2017)* Insulin (n=10) 1(10.0)
Apgar score <7 | GRACES Glibenclamide
at 5 minutes of | (Reynolds (n=13) n (%) 000 NR NR
age 2017)* Insulin (n=10) 0(0

Abbreviations: Cl, confidence interval; GRACES, Glibenclamide and metfoRmin versus stAndard care in gEstational diabeteS; INDAO, Insulin
Daonil; IQR, interquartile range; LGA, large for gestational age; NICU, neonatal intensive care unit; NR, not reported; RCT, randomised controlled
trial; RR, relative risk; SD, standard deviation

Any oral antidiabetic agent vs insulin

Maternal and pregnancy outcomes

The Brown 20171 meta-analyses grouped all oral antidiabetic agents together for
comparison with insulin for pre-eclampsia, induction of labour, C-section and postpregnancy
type 2 diabetes (Table 31).°2 The results from these analyses largely supported those for
the separate metformin or glyburide/glibenclamide comparisons with insulin. No significant
differences were detected in the Brown 20171 meta-analysis of 10 RCTs comparing oral
antidiabetic agents with insulin (RR 1.14, 95% CI 0.86 to 1.52).%? Furthermore, the Brown
20171 analysis of 3 RCTs found no evidence of a reduced risk of induced labour between
treatment with an oral antidiabetic agent versus insulin (RR 1.30, 95% CI 0.96 to 1.75).%?
This was consistent with the Farrar 2016 finding of no significant difference for metformin vs
insulin,* but in contrast with Pellonpera 2016 who found that induction of labour was
significantly more common in those women treated with insulin rather than metformin (Table
28).81

With respect to C-sections, Brown 20171 found no significant difference in the risk between
insulin versus oral antidiabetic agent across 17 RCTs (RR 1.03, 95% CI 0.93 to 1.14),
supporting findings of Pellonpera 2016 and Farrar 2016.°2 The Brown 20171 SLR also found
no significant difference between comparisons of insulin vs oral antidiabetic agents for
postpregnancy type 2 diabetes (2 RCTs, RR 1.39, 0.80 to 2.44),°? adding weight to the
result from Pellonpera 2016,8! where rates appeared similar across metformin and insulin
arms but the level of significance was not confirmed.

In summary, maternal and pregnancy outcomes were comparable between insulin and
antidiabetic agents, but it is not known whether this conclusion can be extended to
screendetected women, due to lack of reporting for this group.

Table 31. Maternal and pregnancy outcomes reported by trials of oral antidiabetic agent vs
insulin

Outcome Study Intervention Outcome Outcome value RR (95% CI) | pvalue
(n in arm) measure
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Pregnancy outcomes

Preeclampsia

Mode of birth

Induction of
labour

C-section

Brown 2017l
(10 RCTs)*

Brown 2017l
(3 RCTs)*?

Brown 20171
(17 RCTs)*

Long-term outcomes

Postpregnancy = Brown 20171

T2D

(2 RCTs)*

Oral antidiabetic
agent

Insulin

Oral antidiabetic
agent

Insulin

Oral antidiabetic
agent

Insulin

Oral antidiabetic
agent

Insulin

Anticipated
absolute effect
(risk)? (95%Cl)

Anticipated
absolute effect
(risk)? (95%Cl)

Anticipated
absolute effect
(risk)? (95%Cl)

Anticipated
absolute effect
(risk)? (95%Cl)

77 per 1000

88 per 1000 (95% CI 66 to
117)

408 per 1000

535 per 1000 (95% Cl 424
to 669)

394 per 1000
405 per 1000 (95% CI 366

to 449)
52 per 1000

73 per 1000 (95% CI 42 to
128)

1 (ref)

1.14 (0.86 to
1.52)

1 (ref)

RR 1.30 (95%
C10.96 to 1.75)

1 (ref)
1.03 (0.93 to
1.14)
1 (ref)

1.39 (0.80 to
2.44)

Abbreviations: ClI, confidence interval; NR, not reported; RCT, randomised controlled trial; RR, relative risk; T2D, type 2 diabetes

Neonatal outcomes

Brown 20171 also reported on several neonatal outcomes for the comparison between any
oral antidiabetic agent and insulin (Table 32). There was no significant difference in risk of
macrosomia (13 RCTs, RR 1.01, 95% CI 0.76 to 1.35) or neonatal hypoglycaemia (24
RCTs, RR 1.14, 95% CI 0.85 to 1.52) between treatment with oral antidiabetics and insulin
during pregnancy. There was also no evidence of a difference in risk of perinatal mortality
between women treated with an oral antidiabetic agents and women treated with insulin,
based on 10 RCTs (RR 0.85, 95% 0.29 to 2.49).°? Since Brown 20171 was not specifically
reporting on screen-detected women, it is unclear whether the interventions would also be

comparable in that group.

Table 32. Neonatal outcomes reported by trials of oral antidiabetic agents vs insulin for GDM

Intervention/ Risk ratio| pvalue
= (95% C) -

Glucose tolerance

Brown Oral antidiabetic agent | Anticipated | 159 per 1000 1 (ref)
i 20171 (13 absolute 161 per 1000 (95% Cl | 1.01 (0.76 to
Macrosomia RCTs)® offect (1isk)? | 191 Fo o) ( 1.35)( NR
Insulin
Brown Oral antidiabetic agent 111 per 1000 1 (ref) NR
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' Neonatal | 20171 (24 Anticipated | 126 per 1000 (95% Cl 1.14 (0.85 to ‘
hypoglycaemia | RCTs)% _ absolute 94 to 169) 1.52)
Insulin effect (risk)? ‘

Other neonatal outcomes

Intervention/ Risk ratio| pvalue
S“‘dy outcomevalie  (95%C) -

Anticipated
Oral antidiabetic agent | absolute 8 per 1000 1 (ref)
Perinatal Brown effect (risk)*
' mortality 20171 (10 Anticipated NR |
RCTs)* . 7 per 1000 (95% Cl 2to | RR 0.85 (0.29—
Insulin absolute 20 249
effect (risk)2 | 20) 49)

Abbreviations: Cl, confidence interval; NR, not reported; RCT, randomised controlled trial; RR, relative risk

Glibenclamide/glyburide vs metformin

Maternal and pregnancy outcomes

The Brown 2017A SLR compared glibenclamide with metformin and reported on
preeclampsia, induction of labour and C-section in analyses based on 2, 1 and 4 RCTs,
respectively (Table 33).°® There was no clear benefit of 1 treatment over the other for any of
the outcomes (pre-eclampsia: RR 0.70, 95% CI 0.38 to 1.30; induction of labour: RR 0.81,
95% CI 0.61 to 1.07; C-section: RR 1.20, 95% CI 0.83 to 1.72, for metformin vs

glibenclamide).®?

Table 33. Maternal and pregnancy outcomes reported by trials of glibenclamide/glyburide vs
metformin for GDM

o stud Intervention/ o o | Risk ratio pvalue
utcome tudy Comparator utcome utcome value (95% Cl)
Pregnancy outcomes
Glibenclamide 88 per 1000 1 (ref)
. Brown 2017A Anticipated 62 1000 (95% CI 33 | 0.70 (0.38 t
Preeclampsia (2 RCTs)* absolute effects pet (95% 70 (0.3810 NR
. to 114) 1.30)
Metformin
Mode of delivery
Glibenclamide 613 per 1000 1 (ref)
Induction of | Brown 2017A Anticipated 496 per 1000 (95% ClI 0.81 (0.61 to
labour (1 RCT)® absolute effects 374 {)0 655) (95% 1'07)( ' NR
Metformin '
Glibenclamide 392 per 1000 1 (ref)
_secti Brown 2017A Anticipated 470 per 1000 (95% CI  1.20 (0.83 to
C-section (4 RCTs)®® absolute effects 325 {)0 674) (95% 1'72)( ' NR
Metformin '

Abbreviations: Cl, confidence interval; NR, not reported; RCT, randomised controlled trial; RR, relative risk
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Neonatal outcomes

Brown 2017A and Farrar 2016 compared glibenclamide with metformin and reported on
several neonatal outcomes (Table 34). Neither treatment was evidently superior to the other
for any outcome, with large confidence intervals for reported RRs.# %3

Table 34. Neonatal outcomes reported by trials of glibenclamide/glyburide vs metformin for

GDM
Intervention/ Risk ratio (95% value

Glucose tolerance
M . Farrar 2016; 1| Glibenclamide R NR 4.05 (0.46 to 35.42) R
acrosomia RCT* Metformin NR 1 (ref)
Farrar 2016; 1| Glibenclamide R NR 2.29 (1.09 to 4.81) R
RCT* Metformin NR 1 (ref)
LGA B 2017A Glibenclamide Antici d 193 per 1000 1 (ref)
rown nticipate
03 . 129 per 1000 (95% ClI NR
(2 RCTs) Metformin absolute effects | " 354 0.67 (0.24 to 1.83)
B 2017A Glibenclamide Antici d 48 per 1000 1 (ref)
rown nticipate
41 per 1000 (95% ClI NR
Neonatal (4 RCTs)® Metformin absolute effects 20 Fo 84) (95% 0.86 (0.42t0 1.77)
h I i . :
ypoglycaemia Farrar 2016; 2 Glibenclamide | NR NR 1.19 (0.57 to 2.48) R
RCTs! Metformin NR NR 1 (ref)
Birth injury
Shoulder Farrar 2016; 1| Glibenclamide R NR 3.04 (0.13to 73.44) R
dystocia RCT* Metformin NR 1 (ref)
Other outcomes
Farrar 2016; 2 Glibenclamide R NR 0.69 (0.29 to 1.66) R
RCTs! Metformin NR 1 (ref)
- Mean difference 0.06
NICU admission
Farrar 2016; 1| Glibenclamide R NR (95% CI -0.53 to -
RCT* 0.65)
Metformin NR 1 (ref)

Abbreviations: Cl, confidence interval; LGA, large for gestational age; NICU, neonatal intensive care unit NR, not reported; RCT, randomised
controlled trial; RR, relative risk

Lifestyle intervention vs usual care

Maternal and pregnancy outcomes
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Four RCTs (MFMU Network RCT,%* CHOICE diet study,® Trout 2016'% and Kokic 2018%)
and 2 SLRs (Farrar 20164 and Brown 2017L°") that compared a lifestyle intervention with
usual care reported on at least 1 maternal or pregnancy outcome (Table 35). While 3 of the
RCTs reported on a dietary intervention, Kokic 2018 investigated an exercise intervention.%

In the only study that specified that women had screen-detected GDM, the MFMU Network
RCT, there was no evidence of a difference in gestational hypertension or pre-eclampsia
between nutritional counselling and usual care, whether the intervention was initiated at 24
to 26 or 27 to 29 weeks’ gestation (p=0.91).%* This finding was reinforced by the Brown
2017L MA, as they found no significant difference in the risk of pregnancy-induced
hypertension or in pre-eclampsia between lifestyle intervention and usual care.®* However,
when examining pre-eclampsia alone, Farrar 2016 found a lower risk in women receiving a
dietary modification compared with usual care (RR 0.58, 95% CI 0.36 to 0.93). There were
no reported significant differences between lifestyle intervention or usual care for
gestational age at birth (reported by 3 studies),®® %8 104 pre-term birth (reported by 1 study)*
or gestational weight gain (reported by 1 study)® (Table 35).

Lifestyle interventions during pregnancy also did not appear to significantly reduce the risk
of C-section based on the identified evidence of 3 primary RCTs (p>0.05 in 2 studies, not
reported in 1 study),% 5 104 the Farrar 2016 analyses of 8 RCTs (RR 0.86, 95% CI 0.77 to
0.95)* and the Brown 2017L analyses of 10 RCTs (RR 0.90, 95% CI 0.78 to 1.05).°1 A
similar trend of no difference was seen for induction of labour in 1 RCT comparing a lower
carbohydrate diet with a usual pregnancy diet (35.3% vs 34.4%, p=0.94),1%4 along with
Farrar 2016 (4 RCTs, RR 1.12, 95% CI 0.82 to 1.52)* and Brown 2017L (4 RCTs, RR 1.20,
95% CI 0.99 to 1.46) comparing dietary interventions with usual care.%

There was also no evidence of a difference in instrumental delivery (5.56% vs 0%,
p=0.784), prolonged labour (5.56% vs 10%, p=0.633) or induction of labour (11.11% vs
35%, p=0.346) between a structured exercise intervention compared with usual care
(nutrition therapy) in Kokic 2018, the 1 study that investigated exercise as an intervention.®

Brown 2017L found no clear reduction in risk with lifestyle intervention for post-pregnancy
type 2 diabetes (RR 0.98, 95% CI 0.54 to 1.76).°* One trial found the risk of postnatal
depression was 83 per 1000 (95% CI 53 to 132) in women treated with a lifestyle
intervention, compared with usual care (169 per 1000), producing a statistically significant
RR of 0.49 (95% 0.31 to 0.78). No studies that evaluated the impact of lifestyle interventions
on method of infant feeding were identified in this review.

In summary, the only study performed specifically in screen-detected women did not find
any maternal or pregnancy outcomes to be significantly better in dietary intervention
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compared with usual care. Based on the MFMU study, it does not appear that dietary
intervention would be beneficial compared with the standard of care.

Page 141



UK NSC external review — Screening for Gestational Diabetes

Table 35. Maternal and pregnancy outcomes reported by trials of lifestyle interventions for GDM

Outcome

Study

Pregnancy outcomes

Intervention

Outcome measure | Outcome value(s) RR (95% CI) p-value ‘

Gestational

Nutrition counselling and

hypertension or diet therapy, 24-26 weeks 7 (10.3) NR
pre-eclampsia (n=69)
MEMU Network Us_ual care, 24—-26 weeks 6 (14.0) NR
) (n=43)
RCT (Palatnik n (%) 0.91
2015, Casey 2015) | Nutrition counselling and
94,102 diet therapy, 27-29 weeks 26 (9.0) NR
(n=288)
Usual care, 27—-29 weeks
(n=282) 37 (13.1) NR
B 201715 Lifestyle intervention Anticipated absolute 90 per 1000 (51 to 157) | 0.70 (0.40to 1.22) .
rown Usual care effects (risk)? (95%Cl) | 129 per 1000 (NR) 1.00 (ref)
Pre-eclampsia Farrar 2016; 5 Diet modification . . 0.58 (0.36 to 0.93) R
RCTs* Usual care 1 (ref)
Gestational age CHOICE diet study | CHOICE diet (n=6) 40.5 (0.5) NR
at birth (Hemandez 2016) | LC/CONV diet (n=6) n (%) 39.2 (0.4) NR NR
Structured exercise
_ 38.89 (0.90 NR 0.063
Kokic 2018 programme (n=18) Mean weeks (SD) (0.90)
Usual care (n=20) 39.45 (0.60) NR NR
Lower-carbohydrate diet
pe 37.78 (1.66) NR
Trout 20164 Usual pregnancy diet Mean weeks (SD) 0.96
(n=31) 37.76 (1.74) NR
Pre-term birth Farrar 2016; 4 Diet modification NR NR 0.75 (0.46 to 1.21) e
RCTs* Usual care NR NR 1 (ref)
Gestational CHOICE diet study | CHOICE diet (n=6) 2.3(1.2)
weight gain (Hernandez 2016)* | | c/cONV diet (n=6) Mean kg (SD) 1.7 (1.6) NR NR

Mode of birth




Spontaneous
vaginal NR NR NR NR NR NR
. . . 252 1 22
Lifestyle intervention 52 per 1000 (22010 1.20 (0.99 to 1.46) NR
Induction of o 285)
labour Brown 2017L (4 Anticipated absolute
91 i a 0,
RCTS) Usual care effects (risk)? (95%C1) 211 per 1000 1.00 (ref)
Structured exercise 3(11.11) NR
Kokic 2018% programme (n=18) n (%) ' 0.346
Usual care (n=20) 7 (35) NR
Lower-carbohydrate diet
neany oY 35.3 NR
Trout 2016 . % 0.94
Usual pregnancy diet
(n=31) 34.4 NR
Diet modification NR NR 1.12 (0.82 to 1.52) NR
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Outcome Intervention Outcome measure | Outcome value(s) RR (95% CI) p-value ‘
Farrar 2016; 4
RCTs? Usual care 1 (ref)
Prolonged Structured exercise 1(5.56 N
labour Kokic 2018% programme (n=18) n (%) (5.56) 0.633
Usual care (n=20) 2 (10) NR
Instrumental Structured exercise
delivery Kokic 20189 programme (n=18) n (%) 1(5.56) NR 0.784
Usual care (n=20) 0(0) NR
Farrar 2016; 1 RCT*| Diet modification 1.37 (0.20 t0 9.27)
NR NR NR
Usual care 1 (ref)
C-section CHOICE diet study | CHOICE diet (n=6) 0 NR NR
(Hernandez 2016)% - n
LC/CONV diet (n=6) 2 NR NR
Nutrition counselling and
MFMU Network diet therapy, 2426 weeks 23 (33.8) NR
RCT (Palatnik (n=69) n (%) 0.57
2015, Casey 2015) | gy care, 24-26 weeks
84, 102 (n=43) ’ 15 (34.9) NR




Farrar 2016; 8
RCTs*

Brown 2017L (10
RCTs)*

Primary

Csection
Trout 20164

Trauma or injury

Perineal

trauma/tear Brown 2017L%

Long-term outcomes
Post-pregnancy

M Brown 2017L%
Postnatal
depression Brown 2017L%

Nutrition counselling and
diet therapy, 27-29 weeks

(n=288)

Usual care, 27-29 weeks

(n=282)
Diet modification
Usual care

Lifestyle intervention

Usual care

Lower-carbohydrate diet

(n=37)

Usual pregnancy diet
(n=31)

Lifestyle intervention

Usual care

Lifestyle intervention
Usual care

Lifestyle intervention

Usual care

Anticipated absolute
effects (95% CI)

%

Anticipated absolute
effects (95% ClI)

Anticipated absolute
effects (95% CI)

Anticipated absolute
effects (95% ClI)

77 (26.7)

93 (33.0)

342 per 1000 (296 to
399)

380 per 1000

29.4

40.6

518 per 1000 (463 to
588)

498 per 1000

81 per 1000 (45 to 146)

83 per 1000

83 per 1000 (53 to
132)

169 per 1000

0.86 (0.77 to 0.95)
1 (ref)

0.90 (0.78 to 1.05)
1.00 (ref)

0.34

1.04 (0.93 t0 1.18)
1.00 (ref)

0.98 (0.54 to 1.76)
1.00 (ref)

0.49 (0.31to 0.78)
1.00 (ref)

Abbreviations: CHOICE, higher-complex carbohydrate/lower fat; Cl, confidence interval; LC/CONV, low-carbohydrate/higher-fat; MFMU, Maternal Fetal Medicines Unit; NR, not
reported; RCT, randomised controlled trial; RR, relative risk; SD, standard deviation; T2D, type 2 diabetes
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Neonatal outcomes

The same 4 RCTs (MFMU Network RCT,®* CHOICE diet study,®® Trout 2016%°* and Kokic

2018%) and 2 SLRs (Farrar 20164 and Brown 2017L°) that compared a lifestyle
intervention with usual care reported for maternal/pregnancy outcomes also reported on
neonatal outcomes (Table 36).

While no difference in LGA between nutritional counselling and usual care was reported in
the MFMU Network trial (p=0.36),%* the Brown 2017L comparison of lifestyle interventions
with usual care found evidence of a significantly reduced risk of LGA in women allocated to
lifestyle interventions based on 6 RCTs (RR 0.60, 95% CI 0.50 to 0.71). This was supported
by findings in Farrar 2016 (6 RCTs, RR 0.55, 95% CI 0.44 to 0.69).% A lower carbohydrate
diet was found to have no impact on the risk of macrosomia compared with usual diet in the
Trout 2016 study (p=0.93),1%4 but diet modification was shown to reduce this compared with
routine antenatal care in Farrar 2016 (9 RCTs, RR 0.47, 95% CI 0.45 to 0.60).4

The Kokic 2018 trial reported that newborns born to women who had underwent a
structured exercise programme during pregnancy had significantly lower neonatal BMI than
those in the usual care (nutrition therapy) arm (p=0.035), although this difference was small
(13.96 vs. 13.21 kg/m?, respectively).%

No significant difference was found for neonatal hypoglycaemia between lifestyle
interventions and usual care (6 RCTs, RR 0.99, 95% CI 0.65 to 1.52) in the Brown 2017L
analysis. On the contrary, Trout 2016 reported that incidence of neonatal hypoglycaemia
was lower in babies born to women in the lower-carbohydrate diet arm (9.7%) compared
with a usual pregnancy diet (26.9%), but this did not reach statistical significance
(p=0.09).1%4 Due to a small sample size, no cases of neonatal hypoglycaemia occurred in
the Kokic 2018 study of structured exercise compared with usual care.®®

There was no difference in shoulder dystocia in the Trout 2016 study of low-carbohydrate
diet versus usual diet (2.9% vs 0%, respectively; p=0.25), while no bone fracture or nerve
palsy events occurred in either arm.%* In contrast with Trout 2016, Farrar 2016 reported a
reduction in shoulder dystocia in women in diet modification arms compared to those
receiving usual care (4 RCTs, RR 0.39, 95% CI 0.23 to 0.69).4

Of the remaining outcomes, there was no clear evidence of reduction in perinatal mortality
for women in lifestyle intervention arms vs usual care (RR 0.09, 95% CI 0.01 to 1.70). There



was also no difference between lifestyle intervention and usual care for NICU admission in
the MFMU Network RCT (p=0.55),°* Trout 2016 (p=0.38)°* or Farrar 2016
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(RR 0.91, 95% CI 0.62 to 1.34),* or for Apgar score in the trial comparing exercise with
usual care (1 minute score: p=0.828; 5 minute score: p=1.000).%

Given the lack of differences between dietary interventions and usual care, and other
studies not specifically reporting on screen-detected women, it cannot be concluded that
lifestyle interventions would be beneficial compared with usual care, in this population.
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Table 36. Neonatal outcomes in women with GDM undergoing lifestyle interventions

Study arm Risk ralio (96% CI) _ p-value
Glucose tolerance
CHOICE diet study | CHOICE diet (n=6) 3,273.0 (104.0) NR NR
(Hernandez Mean g (SD
2016)* ] 9 (SD) 3,421.0 (186.3) NR NR
Birth weight LC/CONV diet (n=6)
Lower-carbohydrate diet (n=37) 3,409.53 (527.91) NR
Trout 2016 Mean g (SD) | 3,377.28 (589.91) NR 0.81
Usual pregnancy diet (n=31)
Structured exercise programme
18 3514.45 (413.57) NR
Neonatal body . o (n=18)
Kokic 2018 Mean g (SD) 0.393
mass 3377.00 (494.27 NR
Usual care (n=20)
Structured exercise programme
o prog , | 13.96(0.97) NR
, o (n=18) Mean kg/m
Neonatal BMI Kokic 2018 0.035
(SD) 13.21 (1.01) NR
Usual care (n=20)
Adiposity NR NR NR NR NR NR
Lower-carbohydrate diet (n=37) 11.8 NR
Trout 20164 % 125 NR 0.93
. Usual pregnancy diet (n=31)
M . .
acrosomia Diet modification NR NR 0.47 (0.45 to 0.60) NR
Farrar 2016; 9
RCTs* Routine antenatal care NR NR 1 (ref) NR
Nutrition counselling and diet
therapy, 24—26 weeks (N=69) 8(11.6) NR
MFMU Network Usual care, 24—26 weeks (N=43) 6 (14.0) NR
RCT (Palatnik Nutrition counselling and diet n (%) 036
;gig- Casey therapy, 27-29 weeks (N=288) 20 (6.9) NR
LGA Yot 102 Usual care, 27-29 weeks
(N=282) 40 (14.2) NR
Farrar 2016; 6 Diet modification NR NR 0.55 (0.44 to 0.69) NR
RCTs? Usual care NR NR 1 (ref) NR
Brown 2017L; 6 . . . 113 per 1000 (95% ClI
RCTs% Lifestyle intervention 95 to 134) 0.60 (0.50 to 0.71) NR




Neonatal
hypoglycaemia

Birth injury

Shoulder
dystocia

Brown 2017L; 6
RCTs*

Kokic 2018%

Trout 2016

Trout 20164

Usual care

Lifestyle intervention

Usual care

Structured exercise programme
(n=18)

Usual care (n=20)
Lower-carbohydrate diet (n=37)

Usual pregnancy diet (n=31)

Lower-carbohydrate diet (n=37)

Usual pregnancy diet (n=31)
Diet modification
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Bone fracture

Nerve palsy

Farrar 2016; 4
RCTs*

Trout 20164

Trout 20164

Other neonatal outcomes

Perinatal
mortality

NICU admission

Brown 2017L%*

MFMU Network
RCT (Palatnik
2015, Casey

Usual care

Lower-carbohydrate diet (n=37)

Usual pregnancy diet (n=31)
Lower-carbohydrate diet (n=37)

Usual pregnancy diet (n=31)

Lifestyle intervention

Usual care

Nutrition counselling and diet
therapy, 24—26 weeks (n=69)

Usual care, 24—26 weeks (n=43)

Anticipated
absolute effects| 189 per 1000
(95% ClI)

Anticipated 74 per 1000 (95% CI
absolute effects| 49 to 114)
(95% CI)
75 per 1000
0(0)
n (%
(%) 00
9.7
% 26.9
2.9
% 0
0
% 0
0
% 0
Anticipated 0 per 1000 (95% CI 0
absolute effects| to 9)
(95% ClI)
5 per 1000 (NR)
NR 10 (14.5)
NR 7 (16.3)

1 (ref)

0.99 (0.65 to 1.52)

1 (ref)
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1.00
0.09
0.25
0.39 (0.23 to 0.69)
1 (ref)
0.09 (0.01 to 1.70)
1.00 (ref)
0.55



2015)s4, 102 Nutrition counselling and diet

therapy, 27-29 weeks (n=288) NR
Usual care, 27-29 weeks (n=282) NR
Lower-carbohydrate diet (n=37)
Trout 2016 %
Usual pregnancy diet (n=31)
Farrar 2016; 4 Diet modification
RCTs? Usual care
Apgar score
Structured exercise programme
. . (n=18)
1 min score Kokic 2018 Mean (SD)
Usual care (n=20)
Structured exercise programme
: . (n=18)
5 min score | Kokic 2018% Mean (SD)

Usual care (n=20)

25 (8.7)

38 (13.5)

20.6
12.5

9.89 (0.47)
9.80 (0.70)

10.0 (0)
10 (0)

0.38
0.91 (0.62 to 1.34)
1 (ref)
0.828
1.000

Abbreviations: BMI, body mass index; CHOICE, higher-complex carbohydrate/lower fat; Cl, confidence interval; LC/CONV, low-carbohydrate/higher-fat; LGA, large for gestational age;
MFMU, Maternal Fetal Medicines Unit; NICU, neonatal intensive care unit; NR, not reported; RCT, randomised controlled trial; RR, relative risk; SD, standard deviation
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Insulin vs diet/standard care

Maternal and pregnancy outcomes

The Brown 20171 SLR reported on 4 maternal or pregnancy outcomes for the comparison
of insulin with diet or standard care, with analyses including 1 or 2 RCTs in each case.%
No significant difference was observed between arms for any of gestational age at birth
(p=0.073), pre-term birth (RR 1.09, 95% CI 0.64 to 1.85; p=0.76), C-section (RR 0.85, 95%
C1 0.50 to 1.42; p=0.53) or development of maternal type 2 diabetes after pregnancy (RR
0.98, 95% CI 0.79 to 1.21; p=0.83) (Table 37).%2

Table 37. Maternal and pregnancy outcomes reported by trial of insulin vs diet or standard
care for GDM

Intervention/ Risk ratio (95% value

Pregnancy outcomes

Brown Diet/standard "
Gestational age | 20171 (2 care (n=45) Mean difference, 1 (ref) NR 0.073
at birth RCTS)QZ weeks (95% C|) —0.66 (_137 to 006) ’
Insulin (n=61)
Brown Diet/standard
_ 20171 (1 care (n=306) 24 1 (ref)
Pre-term birth CT)® n 0.76
RCT) _ 26 1.09 (0.64 to 1.85)
Insulin (n=305)
Mode of birth
Brown Diet/standard
. 20171 (2 care (n=61) 20 1 (ref)
C-section RCTS)® n 0.53
s) 19 0.85 (0.50 to 1.42)
Insulin (n=72)
Long-term maternal outcomes
Brown Diet/standard
20171 (2 care (n=319) 110 1 (ref)
Maternal T2D RCTs)% n 0.83
110 0.98 (0.79 to 1.21)

Insulin (n=334)
Abbreviations: ClI, confidence interval; NR, not reported; RCT, randomised controlled trial; T2D, type 2 diabetes

Neonatal outcomes

The Brown 20171 SLR reported on 7 neonatal outcomes for the same comparison of
insulin and diet/standard care.®? The only significant result was for macrosomia (RR 0.30,
95% CI 0.18 to 0.50; p<0.001 for insulin vs diet or standard care). No significant
differences were observed for LGA, neonatal hypoglycaemia, perinatal or neonatal
mortality (p>0.05) (Table 38). No events occurred in either arm for should dystocia or
nerve palsy, therefore the effect size could not be estimated.®?
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Table 38. Neonatal outcomes reported by trial of insulin vs diet or standard care for GDM

Intervention/ . . value
Outcome Study Comparator Outcome |Outcome value Risk ratio (95% CI)
Glucose tolerance
Brown Diet/standard
20171 (1 care (n=105) 14 1 (ref)
LGA RCT)= n 0.67
insiin (1=97) 11 0.85 (0.41 to 1.78)
Diet/standard
Macrosomia callre (n=351) n 53 1 (ref) <0.001
Intervention/ . . value
Outcome Study Comparator Outcome | Outcome value Risk ratio (95% CI)
e e R
2017')2? Insulin (N=366) 17 0.30 (0.18 to 0.50)
RCTs
Brown Diet/standard
Neonatal 20171 (3 care (n=75) . 18 1 (ref) 078
hypoglycaemia | RCTSs)® insuiin (1101 22 0.88 (0.34 t0 2.24) '
Birth trauma
Brown Diet/standard 0
care (n=61
gcgtlggg ﬁ%%ﬁf ( ) n 0 Not estimable NR
Insulin (n=72)
Brown Diet/standard 0
20171 (1 care (n=11 )
Nerve palsy R%T)gz( ( ) n 0 Not estimable NR
Insulin (n=27)
Other neonatal outcomes
Perinatal and Brown Diet/standard
later infant 20171 (4 | care (n=579) ] 25 1 (ref) 031
mortality RCTs)* s (=558 18 0.74 (0.41 to 1.33) '
Brown Diet/standard
Neonatal 20171 (1 care (n=306) . 7 1 (ref) -
mortality RCT)* nsuiin (12309 5 0.72 (0.23 t0 2.23) '

Abbreviations: CI, confidence interval; LGA, large for gestational age; NR, not reported; RCT, randomised controlled trial

Insulin vs exercise

The Brown 20171 SLR also included 1 RCT that reported on the comparison between
insulin and exercise. This was conducted in the US and had 34 participants. The type of
insulin used was not prespecified.®?

There was no reported significant difference between any maternal outcomes (gestational
age at birth [p=0.21] and C-section [p=0.63]) or neonatal outcomes (macrosomia [p=0.38],
neonatal hypoglycaemia [p=0.56]) between women on the exercise regime compared to
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those treated with insulin. No events occurred in either arm for respiratory distress
syndrome so it was not possible to estimate the effect (Table 39 and Table 40).%?

Table 39. Maternal and pregnancy outcomes reported by trial of insulin vs exercise for

GDM
Intervention/ Risk ratio (95% value
outcome  SIUdY  Comparator | Outeom® CI) ( °

Pregnancy outcomes
Brown Exercise (n=17) 1 (ref)
Gestational age | 20171 (1 Mean difference, NR 0.21
at birth RCT)* weeks (95% CI) | -0.80 (-2.05 to 0.45) '
Insulin (n=17)
Mode of birth
Brown Exercise (n=17) 2 1 (ref)
; 20171 (1
C-section n 0.63
RCT)#2 ] 3 1.5(0.29to 7.87)
Insulin (n=17)

Abbreviations: ClI, confidence interval; NR, not reported; RCT, randomised controlled trial

Table 40. Neonatal outcomes reported by trial of insulin vs exercise for GDM

Intervention/ . . pvalue
Outcome Comparator Outcome value Risk ratio (95% ClI) -

Glucose tolerance

Brown Exercise (n=17) 2 1 (ref)
; 20171 (1
Macrosomia n 0.38
RCT)* ] 4 2.0 (0.42 to 9.50)
Insulin (n=17)
Brown Exercise (n=17) 2 1 (ref)
Neonatal _ 20171 (1 n 0.56
hypoglycaemia | RCT)® _ 1 0.5 (0.05 to 5.01) '
Insulin (n=17)

Other neonatal outcomes

Respiratory Brown Exercise (n=17) 0
distress 20171 (1 .
syndrome RCT) n 0 Not estimable NR
Insulin (n=17)
Abbreviations: ClI, confidence interval; NR, not reported; RCT, randomised controlled trial
Conclusions

A summary of the available evidence for different treatment comparisons and
maternal/pregnancy or neonatal outcomes is presented in Table 41. Evidence was identified for
7 different treatment comparisons:

[1] glibenclamide vs placebo

[2] metformin vs insulin;

[3] glibenclamide/glyburide vs insulin;
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[4] any oral antidiabetic vs insulin;
[5] glibenclamide/ glyburide vs metformin; [6] lifestyle intervention vs usual care; [7]
insulin vs lifestyle intervention.
Only 1 study specified that the included population was screen-detected GDM, with the
rest all appearing to include clinically diagnosed GDM or not specifying any further details.

In the study comparing glibenclamide with placebo there was no evidence that treatment
with glibenclamide significantly improved maternal or neonatal outcomes, including
preeclampsia, induction of labour, C-section, LGA and neonatal hypoglycaemia.

Based on this review's findings, there is little evidence to suggest that oral pharmacological
interventions such as metformin or glyburide given during pregnancy in women with clinically-
diagnosed GDM are superior to insulin in reducing the risk of adverse pregnancy and
postnatal outcomes. There was also no significant difference between
glibenclamide/glyburide and metformin for any of the reported outcomes (pre-eclampsia,
induction of labour, C-section, macrosomia, LGA, neonatal hypoglycaemia, shoulder dystocia
or NICU admission), indicating that neither of these treatments is superior to the other for
preventing these outcomes. Further research to explore this and the comparison of other
antidiabetics with placebo or usual care could be useful.

For lifestyle interventions comprising a form of dietary modification, there was more
evidence to suggest some differences between this and usual care (specific details of
usual care varied by study and were not always reported but often included nutritional
counselling). However, results were not consistent across multiple studies reporting on the
same outcome. The 1 study reporting on pre-eclampsia and the 1 study reporting on
postnatal depression found the risks were lower in women receiving diet modification,
however, without replication in other studies, it is difficult to evaluate the robustness of
these results. At least 1 study reporting on C-section, macrosomia, LGA, neonatal
hypoglycaemia and shoulder dystocia found lower risks for women receiving dietary
modification compared with usual care, but all of these outcomes were also reported by at
least 1 study that found no significant differences. The 1 trial that reported on an exercise
intervention compared with usual care only reported 1 significant result: neonatal BMI was
significantly lower for exercise vs usual care. The only significant result for insulin vs
lifestyle intervention was for macrosomia in insulin compared to diet/standard care.

Lacking data and/or poor reporting of statistical differences means that no conclusions can
be drawn for any treatment comparisons for spontaneous vaginal delivery, method of
infant feeding, bone fracture or nerve palsy.
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Overall, the substantial volume of evidence identified, including that from 4 high quality
SLRs, does not suggest that there is any treatment that is clearly superior to the other for
any of the treatment comparisons identified for women with clinically diagnosed GDM.
Importantly, evidence is lacking in 2 key areas. The first of these is a lack of comparison
between interventions and placebo or usual care. The majority of evidence compared two
interventions, with only 1 SLR comparing glibenclamide with placebo, and a limited number
of studies comparing lifestyle intervention with usual care. However, the benefit of
interventions examined in this review against no treatment has been demonstrated
previously, most notably by the ACHOIS study. The second evidence gap is the lack of
studies clearly reporting on a population of women with screen-detected GDM. This was only
reported by 1 study identified in the rapid review. Therefore, whilst it may be possible to
make assumptions based on treatment effects in clinically-diagnosed populations, the effect
of treatment for the screen-detected population remains highly uncertain.
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Table 41. Summary of the number of studies and direction of evidence for each outcome

Glibenclamide/ | Any oral Glibenclamide/ Lifestyle Insulin vs
glyburide vs antidiabetic glyburide vs intervention vs usual | lifestyle
insulin vs insulin metformin care intervention

Glibenclamide
vs placebo

Metformin vs

Outcome : .
insulin

N studies N studies N studies N studies N studies N studies Comparison N studies
Comparison Comparison Comparison Comparison Comparison Comparison
Any maternal orf 1SLR 1SLR 1SLR 1SLR 1SLR 2 SLRs 1SLR
pregnancy outcome 2 RCTs 2 RCTs 4 RCTs
Gestational 2 0 0 0 0 0 0
hypertension No sig. dif.
3 1 1 1 1 1 0
Pre-eclampsia No sig. dif. No sig. dif. No sig. dif. No sig. dif. No sig. dif. Lower for diet modification
2
Gestational age at Longer forinsulinin1 ' 1 0 0 0 3 1
birth study; no sig. dif. in 1 No sig. dif. No sig. dif.
study
Pre-term birth 2 3 0 0 0 1 1
No sig. dif. No sig. dif. No sig. dif. No sig. dif.
Gestational weight 0 1 0 0 0 1 0
gain No sig. dif.
Spontaneous vaginal 0 2 0 0 0 0 0
delivery
Assisted/instrumental  Higher for metforminin = 0 0 0 2 0
vaginal delivery 1 study; no sig. dif. No sig. dif.
In 1 study
2
ducti  lab Higher for insulin in 1 0 1 1 1 4 0
Induction of labour study; no significant No sig. dif. No sig. dif. No sig. dif. No sig. dif.
difference in 1 study
5
Lower for diet
C-section 2 3 i i i modification in 1 study; no. 1
No sig. dif. No sig. dif. No sig. dif. No sig. dif. No sig. dif. sig. dif. in 2 studies; NR in| No sig. dif.
2 studies
Method of infant 2 0 0 0 0 0 0
feeding
Post-pregnancy type 2 1 0 1 0 0 1 1
diabetes No sig. dif. No sig. dif. No sig. dif.



Post-natal depression

0 0 1
Lower for lifestyle
intervention

1SLR 1SLR 2 SLRs
Any neonatal outcome | 5 RCTs 2 RCTs 1SLR 2 SLRs 1SLR 4 RCTs 1SLR
1 0 0 0 0 2 0

Birth weight
No sig. dif.
. 2 1
Macrosomia No sig. dif. No sig. dif.
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Glibenclamide/

Metformin vs

1
No sig. dif.

No sig. dif.

2

Lower for diet modification
1 o 0 in 1 study; no sig. dif. in 1
No sig. dif. study

Glibenclamide/
glyburide vs
metformin

Lifestyle
intervention vs usual
care

Glibenclamide
vs placebo

1

Lower for insulin
vs diet; no sig.
dif. for insulin vs
exercise
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Insulin vs
lifestyle
intervention

Outcome SR glyburide vs
insulin insulin
N studies N studies
Comparison Comparison
2
Higher for metformin in
LGA .1study; no sig. dif. No sig. dif.
in 1 study
Neonatal 1 2
hypoglycaemia Lower for metformin No sig. dif.
. 1 2
Shoulder dystocia No sig. dif.
Bone fracture 0 1
Nerve palsy 0 1
Perinatal mortality 0 1
Severe respiratory 0 2
distress syndrome No sig. dif.
NICU admission 2 3
No sig. dif. No sig. dif.

Any oral
antidiabetic
vs insulin
N studies
Comparison
0

1

No sig. dif.

0

0

0

1

No sig. dif.

0

0

N studies N studies N studies Comparison

Comparison Comparison
3

No sig. di No sig. dif o 'ficf)éSty'e

9. dil 9. dit intervention in 2 studies;

no sig. dif. in 1 study
3
Lower for diet

2 i modification in 1 study; no

No sig. dif. No sig. dif. sig. dif. in 2 studies
(including 1 on exercise)
2

2 Lower for diet

No sig. dif. 0 maodification in 1 study; no
sig. dif. in 1 study

0 0 1

0 0 1

0 0 1
No sig. dif.

0 0 0

1 0 3

No sig. dif. No sig. dif.

N studies
Comparison

1
No sig. dif.

1
No sig. dif.

1
No sig. dif.

1
No sig. dif.

0



Apgar score 1 1 0 0 0 1 0
No sig. dif. No sig. dif.
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Summary of Findings Relevant to Criterion 9: Criterion not met*

Quantity: Including the data in 4 included SLRs, a high volume of evidence was available to
assess Criterion 9 for clinically diagnosed GDM, consisting of a total of 34 RCTs reported across
4 SLRs and 7 primary publications (Tier 1 evidence). However, only 1 RCT with a
screendetected population of GDM was included. Evidence was identified for 7 different direct
treatment comparisons (Table 41). The lifestyle intervention was predominantly dietary
modification, with only 1 study reporting on an exercise programme. Although few primary
studies reported on each treatment comparison, at least 1 SLR reported on each (with between
8 and 51 RCTs included in MAS). No evidence was identified for comparisons between
antidiabetic agents (e.g. metformin or glibenclamide/glyburide) vs lifestyle interventions and
there was limited evidence for the comparison of interventions with placebo or usual care — 1
SLR compared glibenclamide with placebo and 2 SLRs and 4 RCTs compared lifestyle
interventions with usual care.

Quality: All 4 SLRs were judged to be at a low risk of bias. Two primary RCTs were at a high
risk of bias due to missing outcome data and measurement of the outcomes. % °°® There were
some concerns about the risk of bias in 3 RCTs, particularly for the effect of assignment to the
interventions as a result of limited information surrounding allocation concealment, and selection
of the reported result due to unavailability of protocols or statistical analysis plans. The remaining
3 trials were at a low risk of bias for all study domains.®6-%

Applicability: The main concern regarding applicability arises from the lack of studies in
screendetected women. All but 1 study was in women clinically diagnosed with GDM or
populations whose origin (screening or clinical diagnosis) were not reported. Otherwise, there
were concerns about applicability due to the inclusion of non-EEA or OECD countries in all 4 of
the included

SLRs. In most cases, this is not judged to have too high an implication for applicability as 250%
of the studies were located high income countries. The exception to this is the Brown 2017A SLR
in which 250% of the included studies were located in non-EEA/OECD countries.

Consistency: All of the included SLRs provided satisfactory discussions of the heterogeneity of
their included studies. There are also low concerns regarding the approach to data analyses
conducted in different SLRs. However, where multiple studies reported on the same outcome for
the same treatment comparison, there appeared to be lack of consistency in the results in that
the same treatment effects were not seen across multiple studies. For several of the treatment

* Met -for example, this should be applied in circumstances in which there is a sufficient volume of evidence of sufficient quality to judge an
outcome or effect which is unlikely to be changed by further research or systematic review.
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Not Met - for example, this should be applied in circumstances where there is insufficient evidence to clearly judge an outcome or effect or
where there is sufficient evidence of poor performance.

Uncertain -for example, this should be applied in circumstances in which the constraints of an evidence summary prevent a reliable answer to
the question. An example of this may be when the need for a systematic review and meta-analysis is identified by the rapid review.

comparisons, conclusions about consistency of RCTs could not be drawn because only a single
RCT was included.

Conclusions: Overall, the evidence did not support increased effectiveness of any specific
intervention compared with another intervention, or compared with no treatment/placebo for
improving outcomes in pregnant women with GDM, screen-detected or otherwise. Evidence was
lacking in 2 key areas: 1) comparison of interventions with placebo or usual care; 2) studies
including populations with screen-detected GDM. It is uncertain whether the conclusions based
on clinically-detected GDM could be applied to a screen-detected population. Based on the lack
of evidence, Criterion 9 is judged to be not met.
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Review summary

Conclusions and implications for policy

Based on the overall synthesis of evidence identified in this rapid review against the UK
NSC criteria, screening for GDM is still not recommended. GDM and hyperglycaemia are
important health problems and there appear to be moderately safe treatments available.
However, it is unclear whether benefits would outweigh the harms if universal screening
for GDM were to be introduced. This is because of uncertainties around the thresholds at
which women should be considered at risk, the lack of a safe and practical test or lack of
data supporting the use of OGTT as a screening test, and lack of data supporting benefits
from currently available interventions in screen-detected women.

Three questions were considered in this review: (1) what are the risks of adverse outcomes
associated with incremental increases in blood glucose level in the newborn; (2) what are
the most effective screening tests or strategies to identify women at risk of hyperglycaemia
in pregnancy or GDM; and (3) what is the most effective intervention for lowering glucose
levels in screen-detected pregnant women with GDM and preventing adverse perinatal
outcomes? The aim was for questions to consider populations of women without risk factors
who may develop GDM but would not be identified based on the current NICE risk
factorbased screening approach.

A large number of studies examining the effect of increased blood glucose on pregnancy
and newborn outcomes was identified, however, most studies considered thresholds where
a GDM diagnosis would be made under the current NICE guidelines (though not under other
guidelines). Only 2 studies included a group of women without risk factors where glucose
was elevated yet still under the NICE threshold for GDM. In those studies, the 2 outcomes
where risk was consistently higher than with normal glucose tolerance were LGA and
macrosomia. This was further confirmed by the other studies included in the review that did
not specifically include only women below the NICE threshold, but who nevertheless
included women not considered as having had GDM at the time of their pregnancy. The
implications of this are that women with elevated glucose appear to be at risk of at least
some adverse outcomes. Although the outcomes were not presented in a way that would
identify a threshold at which the risk becomes significant, thresholds used in those 2 studies
were 5.1 mmol/L in FPG and 5.7 mmol/L with a 75 g OGTT, indicating that at these
threshold there is an increased risk to the pregnancy. It may be that for the 2 other
outcomes where an association was consistently found (C-section and induction of labour)
the risk is also increased in low risk women with elevated glucose; however, as these
outcomes were not investigated by any studies that included women without risk factors
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where glucose was elevated but below the current NICE threshold for GDM, no conclusions
could be drawn.

Criterion 1 was not met as whilst it is clear that hyperglycaemia increases the risk of at least
certain pregnancy and neonatal outcomes, no clear glucose threshold at which risk
becomes substantially increased could be identified. Notably, the risk of adverse outcomes
appears to be a continuum, and it may be that no ideal threshold could be determined.
Instead, a threshold encompassing the best balance between reduction in risk from GDM
and avoidance of overtreatment could be sought.

No test has been found that could be used for screening a low risk population other than the
OGTT. However, in the current NICE guidance, the OGTT is both the diagnostic test and
the reference standard. As such, its own reliability can only be assessed by comparison to a
clinical diagnosis. In addition, the OGTT includes glucose loading, which could be harmful
for those with impaired glucose tolerance, i.e. the exact group of women it intends to
identify. Moreover, there are possible side effects including nausea and vomiting, and
practical implications, as the test needs to be taken over 2 hours, which may discourage
some women from attending. However, based on the balance between sensitivity (when
trying to limit the number of positive women who would be indicated for OGTT) and
specificity (if trying to comprehensively identify all women with GDM) of alternative tests and
strategies (including FPG, GCT, risk factors or biomarkers) OGTT alone remains the best
currently available screening test. Screening with any other test before OGTT (in order to
avoid OGTT/glucose loading) either misses GDM cases or still requires almost all women to
undergo the OGTT. Without further data on the safety and acceptability of the OGTT, or
availability of a better test, Criterion 4 is not met.

Criterion 9 is judged to be not met because despite a large evidence base, only 1 study
included a confirmed screen-detected GDM population and few studies compared
interventions with placebo or usual care. In clinically-diagnosed GDM, none of the
interventions could be shown to be consistently better than the other. It is therefore likely
that they are similarly effective. While their benefit over no treatment is not certain, the
benefit of interventions examined in this review against no treatment has been
demonstrated previously, most notably by the ACHOIS study. Criterion 9 was specifically
determined to be not met because studies have not demonstrated that the interventions are
of benefit when applied to women who are screen-detected rather than those who are
clinically diagnosed. In most studies, the basis upon which women were investigated for
GDM was unknown; women could have been referred for diagnosis based on presence of
risk factors or clinical symptoms, or the finding of GDM may have been incidental.
Therefore, it is uncertain whether the results of interventions in these groups are similar to
what they would be in a screen-detected population.
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Limitations

This section considers limitations of the review methodology. Limitations of the evidence
and evidence gaps are discussed in the section above.

This rapid review was conducted in line with the UK NSC requirements for evidence
summaries, as described at https://www.gov.uk/government/publications/uk-
nscevidencereview-process/appendix-f-requirements-for-uk-nsc-evidence-summaries. All
items on the UK NSC Reporting Checklist for Evidence Summaries have been addressed
in this report. A summary of the checklist, along with the page or pages where each item
can be found in this report, is presented in Table 114 (Appendix 6).

Database search terms were restricted by study design (RCTs, non-RCTs and observational
studies) using a validated search filter.52 Further limitations included datelimiting the
searches to years where previously conducted SLRs (included in this review) were run. The
adaptations of the searches are described in the methods section.

Included publication types

This review only included peer-reviewed journal publications and excluded publications that were
not peer-reviewed and grey literature. This may have led to the exclusion of relevant evidence.
However, this is an accepted methodological adjustment for a rapid review and is unlikely to
miss any pivotal studies.

Language

Only studies published in English were included. There is a possibility that some evidence
reported in a language other than English was missed. However, this review was
ultimately focusing on evidence relevant to the UK setting, and it could be supposed that
publications in non-English languages may be more focused on results applicable to other
countries. It is anticipated that this limitation should not exclude any pivotal studies.

Review methodology

Articles were reviewed by a single reviewer in the first instance. A second reviewer
examined all included articles, 10% of excluded articles, and any articles where there was
uncertainty about inclusion. This is a pragmatic strategy that should have minimised the risk
of errors and is an accepted methodological adjustment for a rapid review.
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Articles not freely available

Searches for full-text articles were carried out at Cambridge University Library. Any
unavailable articles were purchased (unless they were not selected for extraction based
on study design or intervention, see the Methods section and below).

Study prioritisation

Due to a sufficiently high number of studies initially included in the review, only studies not
of the case-control design (question 2) or RCTs (question 3) were ultimately selected for
data extraction. This tiered approach to the study selection process was pre-specified and
was utilised so that only the most relevant evidence is initially considered in the review.
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Appendix 1 — Search strategy

The search strategy included searches of the databases shown in Table 42. MEDLINE,
MEDLINE In-Process, MEDLINE Daily, Epub Ahead of Print and Embase.

Table 42. Summary of electronic database searches and dates

Database Platform Searched on date Date range of search
MEDLINE, MEDLINE In-Process, Ovid SP [Date] 1946 to Present
MEDLINE Daily, Epub Ahead of
Print

Embase Ovid SP [Date] 1974 to 2016 July 01
The Cochrane Library, including: Wiley Online [Date] CDSR: Issue 7 of 12,

- Cochrane Database of July 2016

Systematic Reviews (CDSR) -
Cochrane Central Register
of Controlled Trials (CENTRAL) -
Database of Abstracts of
Reviews of Effects (DARE)

Search Terms

Search terms included combinations of free text and subject headings (Medical Subject
Headings [MeSH] for MEDLINE, and Emtree terms for Embase). Search terms for
MEDLINE, MEDLINE In-Process, MEDLINE Daily, Epub Ahead of Print and Embase are
shown in Table 43, and search terms for the Cochrane Library databases are shown in
Table 44.

Table 43. Search strategy for MEDLINE, MEDLINE In-Process, MEDLINE Daily, Epub Ahead
of Print and Embase

Term Group # Search terms Results
gzizar:grgllfcizg:tféf_n; 1. exp diabetes, gestational/ or exp pregnancy diabetes mellitus/ 44112
2 (gestational adj4 diabetes).ti,ab. 35867
& (pregnancy adj4 diabetes).ti,ab. 13518
4. gdm.ti,ab. 17565
2 (glucose adj4 (pregnan$ or gestation$ or natal or maternal)).ti,ab. 10679
6. or/1-5 62918
£ exp Hyperglycemia/ or (hyperglycaemia or hyperglycemia).ti,ab. 178094
8. ((impair$ or reduced) adj2 glucose).ti,ab. >7204
9. 223490

7o0r8
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or ante-natal$ or maternal$).ti,ab.

10. exp pregnancy/ or (pregnan$ or gestation$ or prenatal$ or antenatal$ or pre- 2249468 natal$

exp fetal macrosomia/ or large for gestational age/

((perinatal or labor or labour or birth) adj4 trauma).ti,ab.

((perinatal or labor or labour or birth) adj4 complication$1).ti,ab.

*dystocia/ or exp shoulder dystocia/

(fracture$1 adj4 clavicle$1).ti,ab.

(fracture$1 adj4 shoulder$1).ti,ab.

"erb$ palsy".ti,ab.

exp brachial plexus neuropathies/

exp pre-eclampsia/

(cardiovascular adj4 (disorder$1 or disease$1)).ti,ab.

exp cardiovascular diseases/

exp hypoglycemia/

exp diabetes mellitus, type 2/

exp obesity/

11161

4023

14554

6451

4156

2391

504

5211

81363

429263

6156362

102557

362845

685751

Page 166



UK NSC external review — Screening for Gestational Diabetes

Intensive care units, neonatal/ or neonatal intensive care unit/ or newborn 219411
intensive care/ or (neonatal intensive care unit or ICU or NICU).ti,ab.

exp Infant mortality/

107531

46.

or/44-45

exp "child of impaired parents"/

851259

(maternal or mother$2).ti,ab.

5993534
or/47-51

46 and 52 67398

"sensitivity and specificity"/ or (sensitiv$ or specific$ or accura$ or precis$ or 10621816
detection rate$ or predictive value$ or likelihood ratio$ or false positive$ or
receiver operating characteristic$ or ROC curve$ or AUROC).ti,ab.

Glucose intolerance/ 25699
(glucose adj2 tolerance test).ti,ab. 46234
(IGT or GTT or OGTT or GCT or OGCT).ti,ab. 45778
fasting glucose.ti,ab. 44116

high risk population/ or high risk pregnancy/ or Pregnancy, High Risk/ or low 143117
risk population/ or population risk/

or/58-67 2428313
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69. Maternal serum screening tests/ or Biomarkers/ or biological marker/ or 623726
prenatal diagnosis/
70. 57 and 68 633071
71. 57 and 69 287667
Interventions (Q3)
. 72_' Hypoglycemic ((pharmacological or hypoglycemic or hypoglycaemic or antihyperglycemic or
Agents/ or antidiabetic agent/ 73
106527 *  antihyperglycaemic or antidiabetic or anti-diabetic) adj (agent$ or drug$ or LEZRRY
RCTs (Q1 and Q3) treatment$ or intervention$)).ti,ab.
Metformin/ or Insulin/ or glyburide/ or glybenclamide/ or acarbose/ or
74. sulfonylurea/ or (metformin or insulin or glibenclamide or glimepiride or 985581
glipizide or sulfonylurea or sulphonylurea).ti,ab.
75. Exercise/ or diet/ or dietary intake/ or food intake/ or maternal nutrition/ or
76. (non-pharmacological or lifestyle modif$ or lifestyle change$ or diet$ or 1964402
exercis$ or physical activit$).ti,ab.
77. or/72-76 3206482
78. exp Randomized Controlled Trials as Topic/ 295339
79. exp Randomized Controlled Trial/ 1054432
80. exp Random Allocation/ 184039
81. exp Randomization/ 184039
82. exp Double Blind Method/ 317306
83. exp Single Blind Method/ 63463
84. exp Single Blind Procedure/ 36265
85. exp Double Blind Procedure/ 164490
86. exp Crossover Procedure/ 60342
87. ((singl$ or doubl$ or treb$ or tripl$) adj (blind$3 or mask$3)).ti,ab, kf. 394322
88. exp Clinical Trial/ 2255877
89. Clinical trial, phase i.pt. 19223
90. Clinical trial, phase ii.pt. 31020
15408
91. Clinical trial, phase iii.pt.
92. Clinical trial, phase iv.pt. 1738
. . .. . 73042
93. exp Phase 1 Clinical Trial/ or exp Clinical trial, phase I/
L . . . 105892
94. exp Phase 2 Clinical Trial/ or exp Clinical trial, phase II/
57336
95. exp Phase 3 Clinical Trial/ or exp Clinical trial, phase III/
5292
96. exp Phase 4 Clinical Trial/ or exp Clinical trial, phase IV/
- . 93227
97. Controlled clinical trial.pt.
98. Randomized controlled trial.pt. 487724
99. Multicenter study.pt. 255180
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=

00. Clinical trial.pt. 517538

102. trial$.ti. 641212

104. exp Placebos/ 374705

106. placebo$.ti,ab,kf. 502867

67093
108. (allocated adj2 randoms$).ti,ab, kf.

110. random assignment.ti,ab,kf. 5008

112. randomised.ti,ab. 240885

114. randomization.ti,ab,kf. 67898

=

16.  RCT.ti,ab,kf. 53969

118. Open-label stud$.ti,ab,kf. 20621

120. or/78-119 4530697
exp Cohort Analysis/ 2386872
(cohort adj (study or studies)).ti,ab, kf. 451816
(cross-sectional adj (study or studies)).ti,ab,kf. 342264
Longitudinal.ti,ab,kf. 533505
exp Follow-Up/ 1443120

1054902

exp Prospective Studies/ or exp Prospective study/
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142. 12 and 53 and (120 or 141) 13625

144.  limit 142 to dd=20141001-20190813 6814

146. limit 143 to yr=2009-2019 976

148. 12 and 70 9126

150.  limit 148 to dd=20141001-20190816 4684

152.  limit 149 to dd=20090101-20190816 896

134. (evaluation adj (study or studies)).ti,ab,kf.

136. 1800080
retrospective$.ti,ab.

. . . 245839
exp Observational studies/ or exp Observational study/

((single arm or single-arm) adj3 (study or studies or trial$)).ti,ab,kf.

Question 1

Question 2
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154. 151 or 153 2788

156.

12 and 77 and 141

158 limit 156 to yr=2009-2019

Exclusion terms ("Conference Abstract" or "Conference Review" or comment or letter or
160. 9789559
editorial or note or case reports or news or news release).pt.

4307922
162. Letter/ or historical article/ or case study/

166. 165 not 164 7818

e 166 not 167

170. remove duplicates from 168 2239

164. or/160-163 11697

Table 44. Search strategy for the Cochrane Library Databases (Searched via the Wiley
Online platform)

Term Group # Search terms Results
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impair* or reduced) NEAR/2 glucose):ti,ab

66637
10. [mh pregnancy] or (pregnan* or gestation* or prenatal* or antenatal* or prenatal* or

ante-natal* or maternal*):ti,ab

#6 or #11

mh "fetal macrosomia"] or [mh ~"large for gestational age"

perinatal or labor or labour or birth) NEAR/4 trauma):ti,ab

perinatal or labor or labour or birth) NEAR/4 complication?):ti,ab

mh ~dystocia

fracture? NEAR/4 clavicle?):ti,ab

fracture? NEAR/4 shoulder?):ti,ab

"erb* palsy":ti,ab

mh "brachial plexus neuropathies"

mh pre-eclampsia

cardiovascular NEAR/4 (disorder? or disease?)):ti,ab

mh "cardiovascular diseases"

[mh hypoglycemia] 2014
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38. mh "diabetes mellitus, e 2" 15458

L mhobesty) 12309

42. mh ~Intensive care units, neonatal 667

S VR 240081

46. ((neonatal or perinatal or infant) NEAR/2 (mortality or death)):ti,ab 2533

48. 123519
(offspring or son? or daughter? or child or children or pediatric? or paediatric?):ti,ab

mh child

mh mothers

#44 and #53 19115

Screening and tests [mh ~"mass screening"] or (screen* or detect* or predict* or identif* or 55752 56.

Q)

diagnos*):ti

. # #57
58 56 or #5 226958

60. [mh ~"Glucose Tolerance Test"] 1949

62. (glucose NEAR/2 challenge):ti,ab 322

64. (glucose NEAR/3 (test* or measur* or assess* or evaluat* or monitor*)):ti,ab 11639

T
Q
«Q
D
=
~
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29826
("maternal history" or "maternal risk factors" or "maternal characteristics"):ti,ab or

66.

[mh ~"risk assessment"] or [mh ~"risk factors"]

68. "risk prediction":ti,ab

13365

[mh ~"maternal serum screening tests"] or [mh ~Biomarkers] or [mh ~"prenatal 70.

diagnosis"]

72.  #58and #70 4028

((pharmacological or hypoglycemic or hypoglycaemic or antihyperglycemic or

antihyperglycaemic or antidiabetic or anti-diabetic) NEXT (agent* or drug* or
treatment* or intervention*)):ti,ab

[mh ~Exercise] or [mh ~diet] or [mh ~eating]

{or #73-#77} 174952

#12 and #55 limit to Cochrane Library publication date from Oct 2014 to Dec
2019, in Cochrane

80. reviews limit to publication year from 2014 to 2019, in 28
Trials

Question 2 #12 and #71 350
82. limit to Cochrane Library publication date from Oct 2014 to Dec 2019, in Cochrane reviews

10

limit to publication year from 2014 to 2019, in Trials 194

84. #82or #83 217
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Question 3 #12 and #78 1755
85. limit to Cochrane Library publication date from Jan 2016 to Dec 2019, in Cochrane
reviews 20
limit to publication year from 2016 to 2019, in Trials 702
Combined total #81 or #84 or #85 in Cochrane Reviews in 1241 391202
86.
Trials

Results were imported into EndNote and de-duplicated.

Appendix 2 — Included and excluded studies
PRISMA flowchart

Figure 1 summarises the volume of publications included and excluded at each stage of the
review; 110 publications were ultimately judged to be relevant to 1 or more review questions and
were considered for extraction. Publications that were included or excluded after the review of
fulltext articles are detailed below
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Figure 1. Summary of publications included and excluded at each stage of the review

Records identified through
database searches
7021
- Duplicates
v 581
Titles and abstracts reviewed
against eligibility criteria
6440

Records excluded after
> title/abstract review
A 5910
Full-text articles reviewed
against eligibility criteria
530 Records excluded after
full-text review
Duplicate: 6
Publication type and date: 82
Country and setting: 41
Condition: 48
Intervention?@: 132
Study design: 9
Outcomes: 101
Already included in SLR®: 7

Additional articles
included from hand-

searches
6

Articles initially included in

review Articles not selected for
110 extraction
54
Q2 case-control: 7
i Q3 non-RCT: 45
Articles selected for Q3 outcomes: 2
extraction and data synthesis
56

Question 1: 23c
Question 2: 18c
Question 3: 17¢

2For Q1: maternal blood glucose not investigated as prognostic factor. For Q2: study not investigating a screening test for GDM. For Q3: study not
investigating a pharmacological or lifestyle intervention for GDM. PAny records that have already been included in the Farrar 2016 or Brown SLRs that
formed the evidence base for this rapid review were excluded. °The Farrar 2016 SLR was included for each question, therefore the individual
numbers add up to more than the total number of articles included for data extraction.

Publications included after review of full-text articles

110 publications were included after review of full texts. Studies were prioritised for
extraction and data synthesis. It was planned a priori that the following approach would be
taken to prioritise studies for extraction:
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1. Systematic reviews and meta-analyses would be considered the highest quality of evidence
if any were found.

2. Studies relating to epidemiology would be prioritised if they considered a UK population,
followed by studies from Western populations analogous to the UK.

Due to no other SLRs than Farrar 2016 and Brown 2018 L/A/I being included, and few
UKspecific studies identified, an a posteriori deprioritisation strategy included the following
prioritisation by study design:
a. For Question 2, cross-sectional, prospective and retrospective ahead of
casecontrol studies
b. For Question 3, RCTs ahead of non-RCTs and observational studies
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Publications excluded after review of full-text articles

Of the 530 publications included after the review of titles and abstracts, 420 were ultimately judged not to be relevant to this
review. These publications, along with reasons for exclusion, are listed in Table 45.

Table 45. Publications excluded after review of full-text articles

Reference Reason for exclusion

Abebe KZ, Scifres C, Simhan HN, et al. (2017) Comparison of Two Screening Strategies for Gestational Diabetes (GDM? Trial: Design and Not a relevant study or publication
rationale. Contemporary Clinical Trials 62:43-49 type

Aceti A, Santhakumaran S, Logan KM, et al. The diabetic pregnancy and offspring blood pressure in childhood: a systematic review and Not a relevant intervention meta-

analysis. Diabetologia 2012;55:3114-3127.
Actrn. Study examining the effects of altering a diet's macronutrient composition on plasma ketone levels in women with gestational Published pre-2009 diabetes mellitus.
Http://www.who.int/trialsearch/trial2.aspx? Trialid=actrn12616000018415 2016.

Aker SS, Yuce T, Kalafat E, et al. Association of first trimester serum uric acid levels gestational diabetes mellitus development. Turk Not a relevant intervention
Jinekoloji ve Obstetrik Dernegi Dergisi 2016;13:71-74.

Aksoy H, Aksoy U, Acmaz G, et al. The effect of impaired 50-gram oral glucose challenge test on fetal abdominal wall thickness. Not reporting a relevant outcome
Diabetes/metabolism research and reviews 2014;30:570-574.

Ali MM, Brown M, Karnitis VVJ. Third trimester insulin levels are not correlated with fetal macrosomia or delivery complications. Journal of  Not in a relevant population
Reproductive Medicine 2014;59:293-298.

Allard C, Sahyouni E, Menard J, et al. Gestational diabetes mellitus identification based on self-monitoring of blood glucose. Canadian Not reporting a relevant outcome
Journal of Diabetes 2015;39:162-8.

Allehdan SS, Basha AS, Asali FF, et al. Dietary and exercise interventions and glycemic control and maternal and newborn outcomes in ~ Not a relevant study or publication

women diagnosed with gestational diabetes: Systematic review. Diabetes and Metabolic Syndrome: Clinical Research and Reviews type

2019;13:2775-2784.

Alptekin H, Cizmecioaylu A, Isik H, et al. Predicting gestational diabetes mellitus during the first trimester using anthropometric Not a relevant intervention
measurements and HOMA-IR. Journal of Endocrinological Investigation 2016;39:577-583.

Algudah A, McKinley MC, McNally R, et al. Risk of pre-eclampsia in women taking metformin: a systematic review and meta-analysis. Not reporting a relevant outcome

Diabetic Medicine 2018;35:160-172.

Alunni ML, Roeder HA, Moore TR, et al. First trimester gestational diabetes screening - Change in incidence and pharmacotherapy need. Not reporting a relevant outcome
Diabetes Research and Clinical Practice 2015;109:135-140.

Alwan N, Tuffnell Derek J, West J. Treatments for gestational diabetes. Cochrane Database of Systematic Reviews: Reviews Published pre-2009
2009;lIssue 3.

Anand SS, Gupta MK, Schulze KM, et al. What accounts for ethnic differences in newborn skinfold thickness comparing South Asians and Not reporting a relevant outcome
White Caucasians? Findings from the START and FAMILY Birth Cohorts. International Journal of Obesity 2016;40:239-44.

Anand SS, Vasudevan A, Gupta M, Morrison K, Kurpad A, Teo KK, Srinivasan K, Investigators SCS (2013) Rationale and design of Not a relevant study or publication
South Asian Birth Cohort (START): a Canada-India collaborative study. BMC Public Health 13:79 type
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Anastasiou E, Vasileiou V, Athanasiadou A, et al. Phenotypic and metabolic characteristics of women with isolated hyperglycemia in Not reporting a relevant outcome
pregnancy-Is the time-point important? Diabetes Research and Clinical Practice 2010;90:333-338.

Andrade-Castellanos CA, Colunga-Lozano LE, Delgado-Figueroa N, et al. Subcutaneous rapid-acting insulin analogues for diabetic Published pre-2009 ketoacidosis.
Cochrane Database of Systematic Reviews 2016;2016 (1) (no pagination).

Anzolin G, Silva J, Wolff LC, et al. Use of metformin prophylatic in gestacional diabetes mellitus. International journal of gynaecology and Published pre-2009
obstetrics 2018;143:718-719.

Ardilouze A, Bouchard P, Hivert MF, et al. Self-Monitoring of Blood Glucose: A Complementary Method Beyond the Oral Glucose Not reporting a relevant outcome
Tolerance Test to Identify Hyperglycemia During Pregnancy. Canadian Journal of Diabetes. 2019.

Ardilouze JL, Ménard J, Perron P, et al. Gestational diabetes mellitus: the first prospective randomised study of metformine-glyburide vs ~ Published pre-2009

insulin. Diabetologia 2014;57:5S449-S450.

Assaf-Balut C, de la Torre NG, Fuentes M, et al. A high adherence to six food targets of the mediterranean diet in the late first trimester is Not a relevant intervention
associated with a reduction in the risk of materno-foetal outcomes: The st. carlos gestational diabetes mellitus prevention study. Nutrients 2019;11 (1) (no

pagination).

Assaf-Balut C, Garcia De La Torre N, Duran A, et al. Medical nutrition therapy for gestational diabetes mellitus based on Mediterranean Not a relevant intervention

Diet principles: A subanalysis of the St Carlos GDM Prevention Study. BMJ Open Diabetes Research and Care 2018;6 (1) (no

pagination).

Aydin H, Celik O, Yazici D, et al. Prevalence and predictors of gestational diabetes mellitus: a nationwide multicentre prospective study.  Not reporting a relevant outcome
Diabetic Medicine 2019;36:221-227.

Balsells M, Garcia-Patterson A, Sola I, et al. Glibenclamide, metformin, and insulin for the treatment of gestational diabetes: a Not a relevant study or publication
systematic review and meta-analysis. BMJ 2015;350:h102. type
Bao H, Yu P, Song X, et al. The influence of home-based exercise on gestational diabetes: a meta-analysis of randomized controlled Not reporting a relevant outcome

trials. Journal of Maternal-Fetal & Neonatal Medicine 2019:1-6.

Barbour LA, Farabi SS, Friedman JE, et al. Postprandial Triglycerides Predict Newborn Fat More Strongly than Glucose in Women with Not reporting a relevant outcome
Obesity in Early Pregnancy. Obesity 2018;26:1347-1356.

Bartels HC, O'Connor C, Segurado R, et al. Fetal growth trajectories and their association with maternal and child characteristics. Journal Not in a relevant population
of maternal-fetal & neonatal medicine 2018.

Benaiges D, Flores-Le Roux JA, Marcelo I, et al. Is first-trimester HbAlc useful in the diagnosis of gestational diabetes? Diabetes Not a relevant intervention

Research & Clinical Practice 2017;133:85-91.

Benhalima K, Van Crombrugge P, Moyson C, et al. Characteristics and pregnancy outcomes across gestational diabetes mellitus Not reporting a relevant outcome

subtypes based on insulin resistance. Diabetologia. 2019.

Berger H, Gagnon R, Sermer M. No. 390-Diabetes in Pregnancy. Journal of Obstetrics and Gynaecology Canada. 2019. Not a relevant study or publication
type

Berger H, Sermer M, Basso M, et al. Diabetes in Pregnancy. Journal of Obstetrics and Gynaecology Canada 2016;38:667-679.e1. Published pre-2009

Berggren EK, Boggess KA, Mathew L, et al. First trimester maternal glycated hemoglobin and sex hormone-binding globulin do not Not reporting a relevant outcome

predict third trimester glucose intolerance of pregnancy. Reproductive Sciences 2017;24:613-618.
Berggren EK, Roeder HA, Boggess KA, et al. First-trimester maternal serum C-reactive protein as a predictor of third-trimester impaired Not reporting a relevant outcome
glucose tolerance. Reproductive Sciences 2015;22:90-93.
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Berglund SK, Garcia-Valdes L, Torres-Espinola FJ, et al. Maternal, fetal and perinatal alterations associated with obesity, overweight
and gestational diabetes: an observational cohort study (PREOBE). BMC public health 2016;16:207.

Bgeginski R, Ribeiro PAB, Mottola MF, et al. Effects of weekly supervised exercise or physical activity counseling on fasting blood

Not a relevant intervention

Published pre-2009

glucose in women diagnosed with gestational diabetes mellitus: A systematic review and meta-analysis of randomized trials. Journal of Diabetes 2017;9:1023-

1032.

Bianchi C, de Gennaro G, Romano M, et al. Italian national guidelines for the screening of gestational diabetes: Time for a critical
appraisal? Nutrition, Metabolism and Cardiovascular Diseases 2017;27:717-722.

Black MH, Sacks DA, Xiang AH, et al. Clinical outcomes of pregnancies complicated by mild gestational diabetes mellitus differ by
combinations of abnormal oral glucose tolerance test values. Diabetes Care 2010;33:2524-2530.

Black MH, Sacks DA, Xiang AH, et al. The relative contribution of prepregnancy overweight and obesity, gestational weight gain, and
IADPSG-defined gestational diabetes mellitus to fetal overgrowth. Diabetes Care 2013;36:56-62.

Blais S, Patenaude J, Doyon M, et al. Effect of gestational diabetes and insulin resistance on offspring's myocardial relaxation kinetics at
three years of age. PLoS ONE 2018;13 (11) (no pagination).

Not reporting a relevant outcome
Not a relevant intervention
Not a relevant intervention

Not a relevant intervention

Boisvert MR, Koski KG, Burns DH, et al. Prediction of gestational diabetes mellitus based on an analysis of amniotic fluid by capillary
electrophoresis. Biomarkers in Medicine 2012;6:645-53.

Bourdages M, Demers ME, Dube S, et al. First-Trimester Abdominal Adipose Tissue Thickness to Predict Gestational Diabetes. Journal
of Obstetrics and Gynaecology Canada 2018;40:883-887.

Boutzios G, Livadas S, Piperi C, et al. Polycystic ovary syndrome offspring display increased oxidative stress markers comparable to
gestational diabetes offspring. Fertility & Sterility 2013;99:943-50.

Brand JS, West J, Tuffnell D, et al. Gestational diabetes and ultrasound-assessed fetal growth in South Asian and White European
women: findings from a prospective pregnancy cohort. BMC Medicine 2018;16:203.
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Appendix 3 — Summary of individual studies

Data Extraction

Question 1: What are the risks of short and long-term adverse outcomes in the newborn associated with
incremental increases in maternal glucose level?

Table 46: Born in Bradford IPD (Farrar 2016 Chapter 2)
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Study Reference

Born in Bradford IPD (Farrar 2016 Chapter 2)

Study Design

Design

A prospective birth cohort study

Objective

To establish the nature of the association of fasting and post-load glucose levels with adverse perinatal outcomes in a large cohort of SA
women and compare those findings with a similarly sized cohort of WB women Dates NR

Country

UK

Setting
Bradford Royal Infirmary

Patient recruitment and eligibility

Recruitment: At OGTT appointment offered to all women booked for delivery at Bradford Royal Infirmary

Inclusion criteria: Women who delivered a live singleton baby at the Bradford Royal Infirmary, Bradford, UK

Exclusion criteria: Women who did not deliver at Bradford Royal Infirmary, had a multiple pregnancy, stillbirth, existing diabetes were excluded from the

study. In addition, women who had missing data (baseline questionnaire, OGTT or ethnicity), were diagnosed with GDM were excluded from the analysis Population

Characteristics

Other:
Sample size
N screened/invited = 13,773
N eligible = 13,061
N enrolled = NR
N excluded (with reason) = 2243 (did not complete baseline questionnaire), 444 (did not complete OGTT) and 21 (missing data on ethnicity) N
lost to follow-up = NR
N completed = 10,353
N excluded from analysis = 844 (diagnosed with GDM)

N included in analysis = 9509 (WB=3888, SA=4821, other=800) Maternal demographics

Characteristic All women: mean (SD) or n Number of patients with
(%) available data
Maternal age at delivery, years 27.3 (5.5) 9509
Aged 235 years 1092 (11.5) -

Cardiometabolic health
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Pre-pregnant BMI, kg/m? NR -
BMI at booking, kg/m? 25.8 (5.6) 9073
Obese (BMI 230 kg/m?) 1808 (19.9) -

Weight, kg NR -

Ethnicity, n (%)

White British 3888 (40.9) 9509
Black NR -
South Asian 4821 (50.7) 9509
East Asian NR -
Mixed NR -
Other 800 (8.4) 9509

Medical history/risk factors, n (%)

Family history of hypertension 2519 (27.4) 9203
Family history of diabetes 2313 (25.1) 9212
Smoking status 9494
Never 6518 (68.7) -
Pre-pregnancy 1359 (14.3) -
In pregnancy 1617 (17.0) -
Any alcohol during pregnancy 1950 (20.6) 9477

Obstetric history, n (%)

Nulliparous 3813 (41.7) 9151
Previous GDM? 56 (1.1) 5338
Previous macrosomia (24 kg)? 359 (8.0) 4464
9383
Education level, n (%) 2024 (21.6) -
<5 GCSEs
25 GCSEs
2954 (31.5) -
A level 1389 (14.8) -
Higher than A level 2402 (25.6) -
Other 614 (6.5) -
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aPercentages relate to multiparous women only (N=5345)
For maternal age and maternal BMI, the values are mean (SD); for all other variables (that are categorical) the values are n (%) Maternal glycaemic

characteristics
Glucose tolerance All women: mean (SD), Number of patients with
median (IQR) or n (%) available data

FPG, mmol/L 4.4 (4.2-4.7) 9509

759 OGTT, mmol/L NR NR

1 hour NR NR

2 hours 5.4 (4.7-6.1) 9509

3 hours NR NR

Gestational age at OGTT (weeks) 26.3 (1.9) 9509

For maternal gestational age at OGTT the values are mean (SD); for maternal gestational fasting and post-load glucose levels, values are median (IQR)

Baseline characteristics were also reported separately by ethnicity (WB, SA and other)
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Methods

Duration of follow-up

NR
Method of blood glucose measurement

759 OGTT, comprising fasting and 2-hour post-load samples after an overnight fast, offered at around 26—28 weeks’ gestation
Diagnostic criteria and test(s)

GDM was defined according to modified WHO criteria operating at the time: either FPG 26.1 mmol/L or 2 h 75g OGTT =7.8 mmol/L

Glucose category cut-offs

*  FPG level — category 1, <4.3 mmol/L; category 2, 4.3—-4.4 mmol/L; category 3, 4.5—4.7 mmol/L; category 4, 4.8—4.9 mmol/L; category 5, 5.0—
5.2 mmol/L; category 6, 5.3—5.6 mmol/L; category 7, 5.7—-6.0 mmol/L
* Post-load plasma glucose level — category 1, <4.7 mmol/L; category 2, 4.7-5.4 mmol/L; category 3, 5.5—6.2 mmol/L; category 4, 6.3—6.6 mmol/L;
category 5, 6.7—7.2 mmol/L; category 6, 7.3—7.5 mmol/L; category 7, 7.6—7.7 mmol/L

Outcomes
Primary endpoint
« LGA, defined as BW of >90%™ percentile for gestational age when BW was converted into SD scores standardised for gestational age and gender
relative to the UK-WHO growth standard

» Infant adiposity, defined as sum of skinfolds >90™ percentile for gestational age. Skinfold thickness (triceps and subscapular) were summed and
the 90t percentile was established from quantile regression using six gender—ethnic groups (combining gender and ethnic origin) and adjusted
for parity (0, 1, 2, 3+)

* C-section, abstracted from medical records
Secondary endpoints
*  Preeclampsia, abstracted from medical records and defined as new-onset proteinuria (>300 g in 24 hours) together with blood pressure of
=140/90 mmHg after 20 weeks’ gestation on more than one occasion
*  Preterm delivery, abstracted from medical records

» Shoulder dystocia, abstracted from medical records

« Instrumental vaginal delivery, abstracted from medical records

» Admission to the neonatal unit, abstracted from medical records

Pregnancy outcomes

Qutcome All women: mean (SD), Number of patients
or n (%) with available data

Gestational age at delivery (weeks) 39.7 (1.7) 9509

Male gender 4884 (51.4) 9509

Pre-term birth (<37 weeks) 471 (5.0) 9509
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Adverse neonatal
outcomes

Pregnancy complications

Preeclampsia

229 (2.5)

9120

Stillbirth

NR

NR

Outcome

Neonatal outcomes according to maternal glycaemic status
All women: n (%)

For gestational age at delivery, the values are mean (SD); for all other variables (that are categorical) the values are n (%)

Number of patients with

available data

Perinatal mortality NR NR
Mode of birth NR NR
Induction of labour NR NR
Vaginal delivery NR NR
Instrumental delivery (12.4) 7519
C-section (unspecified if emergency or | (20.9) 9509
planned)

Macrosomia NR NR
LGA NR NR
BW of >90™ percentile (6.2) 9508
Sum of skinfolds of >90™ percentile (10.6) 6458
Birth injury NR NR
Shoulder dystocia (1.4) 7526
Brachial plexus neuropathy NR NR
Neonatal hypoglycaemia NR NR
Admission to NICU (4.3) 9509
Long-term outcomes NR NR
Greater adiposity NR NR
Cardiometabolic ill-health NR NR

OR of primary outcomes by FPG category relative to

baseline category

Outcome

BW of >90'" percentile (i.e. LGA)

OR

95% ClI

‘ All wome 1 (N=9509)

1 (<4.3 mmol/L, reference)

1.00

2 (4.3-4.4 mmol/L)

1.18

0.90-1.54
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3 (4.5-4.7 mmol/L) 1.35 1.04-1.74
4 (4.8-4.9 mmol/L) 1.42 1.02-1.97
5 (5.0-5.2 mmol/L) 1.90 1.35-2.67
6 (5.3-5.6 mmol/L) 3.10 2.00-4.79
7 (5.7-6.0 mmol/L) 2.60 1.35-5.04
Sum of skinfolds of >90" percentile

1 (<4.3 mmol/L, reference) 1.00 -

2 (4.3-4.4 mmol/L) 1.11 0.88-1.40
3 (4.5-4.7 mmol/L) 1.40 1.14-1.72
4 (4.8—4.9 mmol/L) 1.61 1.24-2.09
5 (5.0-5.2 mmol/L) 2.02 1.54-2.64
6 (5.3-5.6 mmol/L) 3.23 2.29-4.56
7 (5.7-6.0 mmol/L) 2.73 1.53-4.87
C-section

1 (<4.3 mmol/L, reference) 1.00 -

2 (4.3-4.4 mmol/L) 0.98 0.84-1.13
3 (4.5-4.7 mmol/L) 1.11 0.96-1.28
4 (4.8—4.9 mmol/L) 1.17 0.97-1.41
5 (5.0-5.2 mmol/L) 1.20 0.98-1.48
6 (5.3-5.6 mmol/L) 1.14 0.84-1.55
7 (5.7-6.0 mmol/L) 2.14 1.34-3.41

OR of primary outcomes by 2 h post-load 759 OGTT category relative to baseline category
Outcome All women (N=9509)

95% ClI

BW of >90'" percentile

1 (<4.7 mmol/L, reference) 1.00 -

2 (4.7-5.4 mmol/L) 0.95 0.74-1.23
3 (5.5-6.2 mmol/L) 1.08 0.83-1.39
4 (6.3—6.6 mmol/L) 1.29 0.92-1.80
5 (6.7—7.2 mmol/L) 1.58 1.14-2.19
6 (7.3—7.5 mmol/L) 1.71 1.04-2.81
7 (7.6—7.7 mmol/L) 1.29 0.65-2.60
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Sum of skinfolds of >90™ percentile

1 (<4.7 mmol/L, reference) 1.00 -

2 (4.7-5.4 mmol/L) 1.02 0.81-1.29
3 (5.5-6.2 mmol/L) 1.32 1.05-1.65
4 (6.3—6.6 mmol/L) 1.84 1.40-2.41
5 (6.7-7.2 mmol/L) 1.94 1.47-2.55
6 (7.3-7.5 mmol/L) 2.29 1.54-3.39
7 (7.6—7.7 mmol/L) 2.53 1.53-4.17
C-section

1 (<4.7 mmol/L, reference) 1.00 -

2 (4.7-5.4 mmol/L) 0.95 0.82-1.10
3 (5.5-6.2 mmol/L) 1.07 0.92-1.24
4 (6.3—-6.6 mmol/L) 1.11 0.91-1.36
5 (6.7-7.2 mmol/L) 1.00 0.81-1.23
6 (7.3-7.5 mmol/L) 1.31 0.96-1.79
7 (7.6—7.7 mmol/L) 1.15 0.76-1.74

OR per mmol/L of glucose or per SD of glucose on FPG

Outcome

All wome (N=9509)

95% CI

BW of >90" percentile 1.31 1.20-1.43
Sum of skinfolds of >90™ percentile 1.35 1.25-1.45
C-section 1.09 1.03-1.15

OR per mmol/L of glucose or per SD of glucose on 2 h post-load 759 OGTT

Outcome

All wome (N=9509)

95% ClI

BW of >90™" percentile 1.17 1.07-1.29
Sum of skinfolds of >90" percentile 1.31 1.21-1.42
C-section 1.05 0.99-1.11
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Thresholds of fasting and post-load glucose levels (mmol/L) that would identify an OR of =1.75 for BW of >90™ percentile and sum of skinfolds of >90t"

percentile
Outcome

All women (N=10,356)

2h 75g OGTT

Not possible to

of skinfolds of >90t" percentile

BW of >90'" percentile 5.3 determine
Sum of skinfolds of >90" percentile 5.2 7.5
Average glucose level for both BW and sum

5.3 7.5

Results were also reported separately by ethnicity (WB, SA and other). Frequency of primary outcomes across glucose categories by ethnicity is reported

graphically
Authors’ Results of the study are compared with the IADPSG analysis of the HAPO study, mainly focusing on GDM diagnostic criteria, the prevalence of GDM and
Conclusions the effect of ethnicity on the results

Abbreviations: BMI, body mass index; BW, body weight; CI, confidence interval; FPG, fasting plasma glucose; GCSEs, general certificate of secondary education; GDM,
gestational diabetes mellitus; LGA, large for gestational age; NICU, neonatal intensive care unit; NR, not reported; OGTT, oral glucose tolerance test; OR, odds ratio; SA, South

Asian; WB, white British, whole blood; WHO, World Health Organization

Table 47: Farrar 2016 (1678) Chapter 3 SLR
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Study Reference Farrar 2016 (1678) Chapter 3 SLR

Study eligibility
Inclusion (PICOS)
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Population — Pregnant women who had undergone assessment of glucose tolerance using an OGTT, including the 75 g and 100 g
Screening for G |stational Diabetes tests, or 50 g OGCT

Intervention N/A
UK NSC external revieW comparator N/A
Populatlor_1 . Outcomes Outcome data reported as numbers of events in each of two or more defined glucose categories, as ORs or risk
Characteristics ratios in each category relative to a specified baseline category, or as ORs or risk ratios per SD or per 1 mmol/L of

glucose. Studies had to report at least one of the following outcomes:
*  Perinatal maternal outcomes o C-

section (elective or emergency) o
Induction of labour
o Instrumental (assisted delivery) (ventouse or forceps) o

Pregnancy-induced hypertension (however defined) o
Pre-eclampsia (however defined)
*  Perinatal infant outcomes o

Macrosomia (BW of 24.0 kg).
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Study Reference

Farrar 2016 (1678) Chapter 3 SLR

o LGA (BW of 290th percentile, or however defined) o
Preterm birth (<37 weeks’ gestation) o Birth
injury/trauma:
+ Shoulder dystocia
+ Erb’s palsy
+ Fractured clavicle
o Admission to special care or higher-care facility o
Neonatal hypoglycaemia

. Longer-term maternal or offspring outcomes o
Type 2 diabetes (offspring or mother) o

Cardiovascular disease (offspring or mother) o
Obesity (offspring or mother) (however defined)

Study design

Published and ongoing cohort studies and control (placebo or no active treatment) arms of randomised trials

Exclusion

*  Women with pre-existing diabetes or treated GDM
«  Studies of intravenous glucose testing

Other
NR

Flow of Studies (PRISMA)

Characteristic  Details

Design Not summarised

Sample sizes Not summarised
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Study Reference Farrar 2016 (1678) Chapter 3 SLR
| Setting and timing Not summarised
+ Database results: 15,916
*  Records after duplicates removed: 11,219
* Hand-searches/other sources: 22
»  Title/abstracts reviewed: 11,241
*  Full-texts reviewed: 125
+  Cohorts with IPD: 2
» Articles included in qualitative synthesis: 57
* Articles included in quantitative synthesis (meta-analysis):
37

Included study characteristics

| Participants | Not summarised
Diagnostic criteria for Variety of criteria used, including Carpenter and Coustan or NDDG, WHO or defined in
GDM study
Interventions and N/A
comparisons
Outcomes Studies eporting on: associations between glucose levels (from OGTT or OGCT)
r split into three or more categories and adverse perinatal outcomes (28

. studies)

. associations between glucose levels (from OGTT or OGCT) split into two
categories with adverse perinatal outcomes (20 studies)

« longer-term outcomes in either mother or offspring (5 studies)

« no numerical data (5 studies)

« results froma 75 g OGTT in a non-fasted population (1 study)

Funding NR

Conflicts of interest NR

Definition of GDM
As defined in the individual study
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Study Reference Farrar 2016 (1678) Chapter 3 SLR
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Study Reference Farrar 2016 (1678) Chapter 3 SLR
*  blinding of participants and medical practitioners to glucose level
*  blinding of outcome assessors to glucose level
»  selective reporting of outcomes
» adjustment of results for key confounding variables
Each criterion was classed as being at low, high or unclear risk of bias. One reviewer performed the quality assessment; all assessments were then checked by a second
reviewer.

Contact with authors and individual participant data

Two eligible cohorts with IPD were included: the BiB study and the Atlantic Diabetes in Pregnancy cohort (Atlantic DIP). When outcomes were not reported explicitly in the data
set they were derived from available data if possible (e.g., macrosomia, LGA and preterm birth were calculated from BW and gestational age data).

Statistical analyses

General approach: Statistical analyses were based on the number of women, and number of outcome events in each glucose category in each study. For the BiB and Atlantic
DIP cohorts, glucose levels were divided into seven categories, with equal numbers of women in each category; for other published eligible studies, the categories set in the
study were used. Studies that did not report outcomes by glucose categories were not included in these unadjusted analyses of outcome risk by glucose category. Within each
glucose category the risk was calculated by dividing the number of outcome events by the total number of women in that category. Before modelling the identified associations
and pooling results from studies, risk per glucose category was graphed where possible against the categories to assess the shape of the association for linearity. In studies that
reported adjusted ORs or risk ratios for each glucose category, these results were similarly plotted to check the shape of the association and identify any divergence from results
using unadjusted data.

Additional details on the statistical approach used for studies reporting odds ratios or risk ratios per SD or 1 mmol/L of glucose, studies reporting three or more glucose
categories and cohorts with individual participant data are provided in the full-text.

OR per 1 mmol/L increases of glucose — pregnancy outcomes
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Outcome, OR ' g OGCT g g OGTT
(95% CI) )GTT

Combined OGTT (75 g and

100 g)

1h Fasting Fasting Fasting 1h 2h

Gestational age at birth

Pre-term birth 1.06 0.77 1.07 0.87 0.77 1.07
(0.96- (0.62— (2.00- (0.41- (0.62— (0.99-
1.17) 0.96) 1.15) 1.87)* 0.96) 1.15)

Pregnancy complications

Pre-eclampsia 1.25 2.37 1.19 1.22 1.40 1.37 2.15 1.19 1.23
(1.13- (1.40— (115~ | (1.14- | (0.85- (1.14- | (1.45- (1.15- | (1.18-
1.39) 4.04) 1.23)* 1.30) 2.31)* 1.65)* 3.19) 1.24) 1.29)

PIH/pre-eclampsia 1.02 2.00 1.21 1.29 1.14 1.91 1.19
(0.75— (1.23- (1.08- 0.77— (0.96— (1.49- (2.08-
1.38)* 3.23) 1.35) 2.16)* 1.35)* 2.43) 1.30)

Stillbirth

Adverse Neonatal Outcomes

*Value based on one study only.

OR per 1 mmol/L increases of glucose — neonatal outcomes

Outcome, OR (95% CI) 759 OGTT

100 g OGTT

Fasting

Combined OGTT (75 g and 100 g)

Fasting

1h

2h

Fasting ‘ 1h

Perinatal mortality

Mode of birth

Induction of labour 1.39 111 1.31 1.10 (1.04-
(1.06- (1.03- (1.14- 1.16)
1.82) 1.19) 1.50)
Vaginal delivery
Instrumental delivery 1.14 (1.04- | 0.99 1.09 0.99 1.07 (1.03-
1.24) (0.78- (1.02— (0.87— 1.12)
1.25) 1.17) 1.13)
C-section if | 1.35(1.23-| 1.66 1.18 1.10 1.25 (1.03- 0.95 (0.72— 1.59 1.18 1.10 (0.96—
(unspecified 1.49) (1.52— (0.98— | 1.51)* 1.25)* (1.49- (1.15- 1.25)
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Farrar 2016 (1678) Chapter 3 SLR

emergency or planned) 1.82) (1.15- 1.24) 1.25 (0.96— 1.17 (1.06— 1.70) 1.20)
1.21)* 1.64)* 1.29)*
Macrosomia 1.14 (1.10- | 1.96 1.19 1.99 (1.62— 1.26 (1.12—- 2.06 1.21 (1.16-
1.18) (1.57- (1.14- 2.44)* 1.41)* (1.86- 1.26)
2.43) 125  Heo@oa | 163(116- | 229
3.72)* 2.31)*
LGA 1.32 (1.19-| 2.15 1.24 1.20 1.89 (1.11- 1.33 (1.13- 2.11 1.24 1.22 (1.19-
1.46) (1.60—- (1.20- | (1.13— | 3.21)* 1.55)* (1.73- (1.20- 1.25)
2.91) 1.27)* 1.28) 2.58) 1.27)
1.44 (1.04-
2.00)*
Birth injury
Shoulder dystocia 1.26 (1.10- | 1.92 1.41 2.38 (0.81- 1.61 (1.25— 1.97 1.38 (1.22—-
1.43) (1.29- (1.03- | 7.01)* 2.08)* (1.36— 1.56)
2.85) 1.92) 2.85)
0.81 (0.26—
2.54)*
Brachial plexus neuropathy
Neonatal hypoglycaemia 1.38 (1.00- | 1.37 1.07 1.13 1.09 (0.66— 1.37 1.13 (1.09-
1.92) (1.20- (1.03- (1.09- 1.80)* (1.20- 1.18)
1.57) 1.10)* 1.18) 1.57)
IAdmission to NICU
Long-term outcomes
Greater adiposity
Cardiometabolic ill-health

*Value based on one study only. No meta-analysis was carried out due to the limited number of

studies.

OR per glucose tolerance test result — pregnancy outcomes

Outcome, OR (95% CI) Negative OGCT versus
positive OGCT

No elevated OGTT versus
one elevated OGTT result
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Study Reference

Study Reference

Farrar 2016 (1678) Chapter 3 SLR

Gestational age at birth

Pre-term birth

1.08 (0.80-1.47)

0.91 (0.42-1.97)*

1.00 (0.50-2.00)*

1.44 (0.43-4.80)*

Pregnancy complications

Pre-eclampsia

1.26 (1.10-1.44)

0.57 (0.14—2.25)*

Stillbirth

*Value based on one study only. No meta-analysis was carried out due to the limited number of

studies.

OR per glucose tolerance test result — neonatal outcomes

Outcome, OR (95% CI)

Perinatal mortality

Negative OGCT versus

positive OGCT

No elevated OGTT versus
one elevated OGTT result

Mode of birth

Induction of labour

0.80 (0.61-1.05)

Vaginal delivery

Instrumental delivery

0.96 (0.46—2.00)*

C-section (unspecified if emergency or
planned)

1.27 (1.21-1.34)

1.74 (1.12-2.71)*

2.30 (1.67-3.17)*

0.68 (0.34-1.32)*

1.48 (0.99-2.21)*

1.72 (0.88-3.37)*

Macrosomia

1.34 (1.13-1.59)

1.13 (0.59-2.19)

2.83 (1.18-6.78)

2.16 (1.00-4.69)

LGA

1.42 (1.24-1.63)

1.99 (1.07-3.71)*

Birth injury

Shoulder dystocia

2.79 (1.30-6.01)*

0.21 (0.02—1.82)*

Brachial plexus neuropathy

Neonatal hypoglycaemia

1.44 (0.34-6.07)

1.32 (0.50-3.45)*

1.17 (0.20-6.94)*

1.41 (0.77-2.60)*
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Farrar 2016 (1678) Chapter 3 SLR

Admission to NICU

Long-term outcomes

Greater adiposity

Cardiometabolic ill-health
*Value based on one study only. No meta-analysis was carried out due to the limited number of
studies.
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Study Reference Farrar 2016 (1678) Chapter 3 SLR
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Study Reference Farrar 2016 (1678) Chapter 3 SLR
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Study Reference
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Study Reference
Farrar 2016 (1678) Chapter 3 SLR
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Across the whole spectrum of glucose levels there was an increasing risk for the majority of reported adverse perinatal outcomes including macrosomia,
LGA, C-section, pre-eclampsia, neonatal hypoglycaemia and shoulder dystocia. Associations between risk of an outcome and graded increases in

Authors’
Conclusions
Study Reference Farrar 2016 (1678) Chapter 3 SLR
glucose level seemingly applied to all glucose loads (50 g, 75 g and 100 g) and at all measurement times (fasting, and 1-hour and 2-hour post load),
although the strength of these associations varied. Associations were stronger for fasting glucose levels than post-load glucose levels and for the 75 g

OGTT compared with the 100 g OGTT.
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Study Reference

Abbreviations: BW, body weight ; CDSR, Cochrane Database of Systematic Reviews; CINAHL, Cumulative Index to Nursing and Allied Health Literature; CMR, Cochrane
Methodology Register; DARE, Database of Abstracts of Reviews of Effects; DIP, Diabetes in Pregnancy; GDM, gestational diabetes mellitus; HTA, Health Technology
Assessment; IPD, individual patient data; LGA, large for gestational age; NHS EED, National Health Service Economic Evaluation Database; NR, not reported; OGCT, oral
glucose challenge test; OGTT, oral glucose tolerance test; OR, odds ratio, SD, standard deviation.

Table 48: Beksac 2018

Study Reference

Beksac 2018

Study Design

Population
Characteristics

Design
Retrospective cohort study

Objective

To identify a cut-off value for the 50 g glucose challenge test (GCT) that predicts excess delivery weight.
Dates

January 2000 to December 2016

Country
Turkey

Setting
Division of Perinatology, Department of Obstetrics and Gynecology, Hacettepe University Hospital, Ankara

Patient recruitment and eligibility

Recruitment: Data were included from women who underwent GDM screening using the 50 g GCT at 24-28 weeks of pregnancy at the study
institution

Inclusion criteria: Women were singleton pregnancies who delivered live neonates after 28 weeks of pregnancy
Exclusion criteria: Women with pregestational diabetes; women not screened with the 50 g GCT; women who required insulin therapy as a result of
GDM screening were excluded to prevent a direct effect of insulin on the recorded delivery weight

Other: The required data were obtained from the Hacettepe University Perinatal Medicine Database, which included information on referred high-risk

pregnancies.

Sample size

N screened/invited = NR

N eligible = NR

N enrolled = NR

N excluded (with reason) = NR

N lost to follow-up = NR
N completed = NR
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N excluded from analysis = NR
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Study Reference
Beksac 2018

N included in analysis = 584 Maternal demographics

Maternal blood glucose level, mmol/L?

Characteristic <7.770 (N=352) 7.770 to <8.880 (N=165) 8.880 to 9.990 (N=47) >9.990 (N=20)

Maternal age, years, median (range) 31 (18 to 45) 33 (21 to 44) 32 (210 42) 32 (24 to 37)
Obstetric history, n (%)

Gravidity, median (range) 3(1to 13) 1(0to5) 2(1to8) 3(1to6)
Parity, median (range) 1(0to5) 1(0to5) 1(0to6) 1(0to5)
a8 The 4 groups were defined using a 50 g glucose challenge test

Maternal glycaemic characteristics

Glucose tolerance Study
population
(N=584)
50 g GCT, mmol/L, n
(%)
<7.770 352 (60.3)
7.770 to <8.880 165 (28.3)
8.880-9.990 47 (8.0)
>9.990 20 (3.4)

Page 228



UK NSC external review — Screening for Gestational Diabetes

Study Reference

Duration of follow -up
NR

Method of blood glucose measurement

The 50 g GCT was performed at 24 to 28 weeks of pregnancy
without any dietary restriction of carbohydrates before testing. A 50
g glucose load was administered orally, regardless of the time that
had elapsed since the last meal. Venous plasma glucose levels
were measured 1 hour later.

Diagnostic criteria and test(s)

+ 50gGCT

» Patients with 50 g GCT values of lower than 7.770 mmol/L were
considered to be low risk and were not subjected to further
testing. Women with values higher than 11.100 mmol/L were
identified as having GDM. Those with values of 7.770-11.100
mmol/L underwent diagnostic testing with a 3 hour 100 g
OGTT. A 100 g glucose load was administered orally in the
morning to patients who had fasted overnight for a period of at
least 8 hours.

Threshold cut-offs

According to the Carpenter—Coustan criteria, threshold values of
5.272 mmol/L for fasting glucose levels, 9.990 mmol/L for 1 hour
levels, 8.602 mmol/L for 2 hour levels, and 7.770 mmol/L for 3 hour
levels were used, with two or more values above the stated
thresholds considered to be indicative of GDM. All of the patients
diagnosed with GDM were counselled in the Endocrinology
Division of Hacettepe University Hospital.

Methods Outcomes
Beksac 2018

Pregnant women who met the inclusion criteria were stratified according to their 50 g GCT values: group 1 (<7.770 mmol/L); group 2 (7.770 to <8.880
mmol/L); group 3 (8.880—9.990 mmol/L), and group (>9.990 mmol/L). The following variables were assessed for each group: maternal age, gravidity, parity,
pregnancy duration at delivery, 5 minute Apgar score and delivery weight.

Pregnancy outcomes

Outcome <7.770 (N=352) 7.770 to <8.880 (N=165)  8.880 to 9.990 (N=47) >9.990 (N=20)
Gestational age at birth, median 37.0 (30 to 41) 37.0 (34 t0 41) 38.0 (31 to 40) 37.5 (36 to 40)
(range)

Groups according to 50 g GCT

Neonatal outcomes according to maternal glycaemic status
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Adverse neonatal

outcomes Outcome <7.770 (N=352) 7.770 to <8.880 (N=165) | 8.880 to 9.990 (N=47) >9.990 (N=20)
min Apgar score, median (range) (6 to 10) (6 to 10) (10 to 10) (9 to 10)
Delivery weight, g, median (range) (1150 to 3910) (1770 to 4150) (2000 to 4280) (2520 to 4320)

Groups according to 50 g GCT

Blood glucose (50 g GCT) was significantly associated with delivery weight in multiple linear regression using backward elimination method:
unstandardized coefficients B=4.617 (SE 0.566); standardised coefficients 3=0.287 (t 8.160) p<0.001
Study Reference

Authors’ The 50 g GCT can be used to identify women at risk of delivering offspring with excessive delivery weight.
Conclusions

Abbreviations: GCT: glucose challenge test; GDM: gestational diabetes; NR: not reported; SD: standard deviation.

Table 49: Berggren 2011

Study Reference Berggren 2011

Design
Retrospective cohort study

Objective

To compare perinatal outcomes among women diagnosed with gestational diabetes by National Diabetes Data Group (NDDG) with women only meeting
Carpenter-Coustan criteria

Dates

1st April 1996 to 31st May 2010

Country
us

Setting
UNC Women’s Hospital, North Carolina

Study Design

Berggren 2011

Patient recruitment and eligibility
Recruitment: NR

Inclusion criteria: Women eligible for GDM screening
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Population
Characteristics

Exclusion criteria: Women who delivered prior to 24 weeks’ gestation, women with pre-gestational diabetes mellitus, and those without a documented

GDM screening test result

Other: For multiple gestations, neonatal data for the firstborn were used

Sample size

N screened/invited = 41,398

N eligible = 33,179 N

enrolled = 5774

N excluded (with reason) = 320 (GDM diagnosis by 50 g 1 h glucose load results

N lost to follow-up = NR

N completed = 4659

N excluded from analysis = 0

N included in analysis = 4659 (GDM by CC only n=460; GDM by NDDG n=1082; Negative OGTT n=3117)

Maternal demographics

Characteristic CC only (n=460) Negative OGTT (n=3117)
Mean maternal age at delivery, years (SD) 30.6 (6.0) 29.4 (5.8)
Maternal age at delivery, n (%)

2 35years 113 (35) 559 (18)
< 35 years 347 (75) 2558 (82)
Pre-pregnant BMI, kg/m? NR NR
BMI, kg/m? NR NR
Weight, kg NR NR
Ethnicity, n (%)

Caucasian 156 (34) 1215 (39)
African American 58 (13) 360 (12)
Latina 207 (45) 1338 (43)
Asian 29 (6) 162 (5)
Medical history, n (%)

Chronic hypertension 39 (8) 138 (4)
History of pre-eclampsia 12 (2) 117 (4)
History of gestational diabetes 7(2) 44 (1)
Prior C-section 77 (17) 537 (17)
Pre-pregnant smoking NR NR
Pre-pregnant alcohol use NR NR
Nulliparous, n (%)
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Multiparity 304 (66) 1898 (61)
Parous with GDM NR NR

Study Reference

Berggren 2011

Education level NR NR

Maternal glycaemic characteristics

Glucose tolerance CC only (n=460) Negative OGTT (N=3117)
One-hour glucose load (mg/dL), median 158 (149 to 173) 153 (145 to 163)
(IQR)

Study Reference

Methods

Duration of follow-up
Until delivery

Method of blood glucose measurement
GDM screening was performed between 24 and 28 weeks’ gestation using a 50 g, 1-hour glucose load test

Diagnostic criteria and test(s)

Based on a 50 g, 1-hour glucose load test, plasma glucose values 2140 mg/dL were considered screen-positive. Diagnostic testing was offered to these
women and performed using a 100 g, 3-h OGTT. Women meeting National Diabetes Group (NDDG) criteria were diagnosed with GDM and received
nutritional counselling and instruction for glucose self-monitoring. Women monitored capillary blood glucose with goals set as fasting < 105 mg/dL and 1 h
postprandial <140 mg/dL or 2 h postprandial <130 mg/dL. Adequate glycaemic control at our institution was defined as 50% or more of blood glucose
levels at goal levels. Medical therapy was initiated (subcutaneous insulin or oral glyburide) if adequate glycaemic control was not achieved with
dietcontrol alone as determined by the primary obstetrical provider

Threshold cut-offs

The three study groups for this analysis included:

1) women who would be diagnosed with GDM only by CC criteria. Women who screened positive (1 h glucose load =140 mg/dL) but did not meet
NDDG diagnostic criteria received routine prenatal care (CC only)

2) women diagnosed and treated for GDM by NDDG criteria, regardless of subsequent treatment (diet-control versus medical management with
insulin or glyburide) required

3) women who screened positive but had a negative 3-hour oral glucose tolerance test and were not diagnosed with GDM by either criteria (negative
OGTT)

Outcomes

Gestational age at delivery, preterm delivery (<37 weeks), mode of delivery (spontaneous vaginal delivery or C-section), 3" or 4" degree perineal
laceration, gestational hypertension, pre-eclampsia (composite of mild, severe eclampsia, and/or HELLP syndrome), birthweight (g), macrosomia (>4000
g), shoulder dystocia (abstracted from provider notation in perinatal record), NICU admission, and NICU stay >48 hours
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Adverse neonatal
outcomes

Pregnancy outcomes
Outcome, n (%) unless stated

otherwise

CC only (n=460)

Negative OGTT
(n=3117)

Adjusted Prevalence

Ratio (95% Cl)

ﬁeeztiitr'lo(?:i,g{;‘?e at birth, weeks, | 593 (38.11040.3) 39.3 (38.1 t0 40.4) NR
Pre-term birth 66 (14) 403 (13) 1.09 (0.86 to 1.39)
Pregnancy complications

Gestational hypertension 33(7) 150 (5)* 1.48 (1.02to 2.13)

Berggren 2011

Pre-eclampsia 58 (13) 264 (8)* 1.47 (1.02to 2.13)
Stillbirth NR NR NR

31d/4th degree laceration 14 (3) 118 (4) 0.83 (0.48t0 1.44)

Prevalence ratios adjusted for controlling for parity, maternal delivery age over 35, ethnicity, and delivery year

*Significantly different

Neonatal outcomes according to maternal glycaemic status

Outcome, n (%)

CC only (n=460)

Negative OGTT (N=3117)

(95% Cl)

Adjusted Prevalence Ratio

Perinatal mortality NR NR

Mode of birth

Induction of labour 149 (32) 772 (25)* NR

Normal spontaneous vaginal delivery 270 (59) 1923 (62)* NR

Operative vaginal delivery 0.97 (0.68 to 1.39)
Vacuume-assisted vaginal delivery 11 (2) 141 (5) NR
Forceps-assisted vaginal delivery 19 (4) 111 (4) NR

C-section 160 (35) 942 (30) 1.16 (1.04 to 1.30)

Macrosomia 78 (17) 411 (13)* 1.25 (1.01 to 1.56)

LGA NR NR NR

Birth injury

Shoulder dystocia 24 (5) 109 (4) 1.41 (0.91t0 2.18)

Brachial plexus neuropathy NR NR NR

Neonatal hypoglycaemia NR NR NR
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Admission to NICU 138 (30) 804 (26) 1.15(0.99t0 1.33)
NICU stay over 48 hours 60 (43) 407 (52) 0.97 (0.76 to 1.25)
Long-term outcomes NR NR NR

Prevalence ratios adjusted for controlling for parity, maternal delivery age over 35, ethnicity, and delivery year *Significantly different

Women who meet CC criteria but are not treated are at greater risk for hypertensive disorders of pregnancy and greater infant birthweight, compared to
Authors’ women diagnosed by NDDG and treated, as well as screen-positive women with a negative OGTT. These women who meet CC criteria, but not NDDG

Conclusions criteria, represent a group who would potentially benefit from treatment.

Abbreviations: BMI, body mass index; CC, Carpenter & Coustan; Cl, confidence interval; GDM, gestational diabetes mellitus, HELLP, Hemolysis, Elevated Liver Enzymes, Low
Platelets; LGA, large for gestational age; NDDG, National Diabetes Group; NICU, neonatal/newborn intensive care unit; NR, not reported; OGTT, oral glucose tolerance test;

UNC, The University of North Carolina at Chapel Hill; US, United states.
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Table 50: Berggren 2012 (MFMU Network)

Study Reference

Berggren 2012

Study Design

Design
Secondary analysis of the Eunice Kennedy Shriver National Institute of Child Health and Human Development (NICHD) Maternal-Fetal Medicine Units
(MEMU) RCT for the treatment of mild GDM

Objective
To compare perinatal outcomes between self-identified Hispanic and non-Hispanic white women with mild GDM or glucose intolerance

Dates
NR

Country
us
Setting
NR

Characteristics

Patient recruitment and eligibility

Recruitment: Secondary analysis of RCT data: in initial randomisation, eligible women with an elevated 50 g 1 h glucose load result underwent a 100 g
3 h OGTT, and these results diagnosed mild GDM. Women were randomised to treatment vs no treatment, matched for race/ethnicity and body mass
index (BMI < vs > 27 mg/kg?). Women with normal OGTT results were enrolled as the observational cohort. Inclusion criteria: Women with a 1 hour
glucose load test result between 135 and 200 mg/dL between 12 0/7 weeks and 30 6/7 weeks’ gestation

Exclusion criteria: Women with pre-gestational diabetes; an abnormal glucose screening test prior to 24 weeks’ gestation; a history of GDM, stillbirth,
multi-fetal gestation, asthma or chronic hypertension; if taking corticosteroids; or if imminent preterm delivery was anticipated

Sample size

N screened/invited = NA

N eligible = 1889

N enrolled = 1535

N excluded (with reason) = NR Population
N lost to follow-up = NR

Characteristic Glucose intolerant (n=767) Viild untreated GDM (n=371)
Hispanic Non-Hispanic p-value Hispanic Non-Hispanic White p-value
White
Mean maternal age, 27.6 (5.4) 28.0 (5.4) 0.29 29.5 (5.6) 28.5(5.0) 0.08
years (SD)
Mean gestational age, 28.4 (1.5) 29.2 (1.3) <0.001 28.6 (1.5) 29.5(1.3) <0.001
weeks (SD)
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Study Reference
N completed = NR
N excluded from analysis = NR
N included in analysis = 1535 (Hispanic or non-Hispanic White)

Maternal demographics
Berggren 2012

Cardiometabolic health

BMI, kg/m? | 30145 | 295(53) | 0.11 | 30.2 (4.3) [ 30.6 (6.2) 0.51

Medical history/risk factors, n (%)

Hypertension NR NR NR NR NR NR

Diabetes NR NR NR NR NR NR

Pre-pregnant smoking, 16 (3.1) 48 (19.4) <0.001 4 (1.8) 17 (15.0) <0.001

n (%)

Pre-pregnant alcohol NR NR NR NR NR NR

use

Obstetric history, n (%)

Primigravida, mean 136 (26.2) 107 (43.3) <0.001 75 (29.4) 48 (41.4) 0.02

(SD)

Education level NR NR NR NR NR NR
Maternal glycaemic characteristics

Glucose
tolerance

Glucose intolerant (n=767)

Aild untreated GDM (n=371)

Hispanic Non-Hispanic

White

p-value Hispanic Non-Hispanic White

50 g 1 hour oral

glucose load 152.6 (13.1) 153.1 (13.3) 0.57 160.6 (15.5) 159.5 (15.9) 0.51
(mg/dL)

100 g 3-hour oral glucose tolerance test (mg/dL)

Fasting 84.7 (5.8) 85.0 (5.8) 0.50 86.3 (5.8) 86.3 (5.6) 0.90
1 hour 156.3 (23.4) 151.2 (26.0) 0.006 193.8 (18.3) 192.1 (21.9) 0.46
2 hours 130.1 (22.0) 130.5 (21.6) 0.82 172.5 (21.1) 172.6 (16.4) 0.94
3 hours 111.6 (21.0) 105.3 (23.2) 0.0002 136.7 (29.2) 128.6 (32.2) 0.02
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Study Reference

Duration of follow-up
NR

Method of blood glucose measurement
50 g 1 hour screening test, 100 g 3 hour OGTT

Diagnostic criteria and test(s)
In initial randomisation, eligible women with an elevated 50g 1-hr glucose load result underwent a 100g 3-hr OGTT, and these results diagnosed mild
Methods GDM. Women with normal OGTT results were enrolled as the observational cohort

Threshold cut-offs
Women were classified into one of 3 groups in the parent study:
e 767 women with glucose intolerance with an elevated 50g 1 hour screening test (=135, but <200 mg/dL) but normal 3 hour OGTT, matched to
the randomised patients by clinical centre, race/ethnicity, and BMI

Berggren 2012

e 371 women with mild GDM as diagnosed by a fasting glucose <95 mg/dL but two or more 100g 3-hour oral glucose tolerance test (OGTT)
results at or above established thresholds who were randomised to no treatment
* 397 women also diagnosed with mild GDM by the same criteria as above but who were randomised to treatment.

Outcomes

Primary endpoint

Composite adverse perinatal outcome for the original study was occurrence of one or more of the following: perinatal mortality (stillbirth or perinatal
death), hypoglycaemia, hyperbilirubinemia, elevated cord blood C-peptide level, or birth trauma. overall and individual components of the composite
outcome: hyperbilirubinemia, elevated cord blood C-peptide, and hypoglycaemia. Perinatal mortality and birth trauma are not included in individual
analyses due to small numbers for each.

Secondary endpoints

Gestational age at delivery (weeks’ gestation, preterm birth <37 weeks), birthweight (grams, small for gestational age, large for gestational age >90th
centile, macrosomia >4000 g), either gestational hypertension or pre-eclampsia, and neonatal intensive care unit (NICU) admission.

Pregnancy outcomes
Qutcome Glucose intolerant (n=767) M Id untreated GDM (n=371)

Non- Non-

Hispanic Hispanic Hispanic Hispanic
white white

aOR (95% Cl) or B
coefficient (SE)

aOR (95% Cl) or B
coefficient (SE)

Gestational age at birth,

weeks, mean (SD) 39.4 (1.6) | 39.1(1.5) | 0.39 (0.14), p=0.005 39.2 (1.6) 38.7 (1.9) 0.48 (0.21), p=0.02
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Study Reference

Adverse neonatal
outcomes

Pre-term birth (before 37

weeks), n (%) 35 (7) 14 (6) 1.58 (0.75 to 3.36) 23 (9) 14 (12) 0.61 (0.28t0 1.33)
Pregnancy complications

Gestational hypertension or

preeclampsia 38 (7) 27 (11) 0.73 (0.41 to 1.30) 37 (15) 13 (11) 1.71 (0.78 to 3.71)

Neonatal outcomes according to maternal glycaemic status

Outcome, n (%)

Hispanic

Non-Hispanic

Slucose intolerant (n=767)

aOR (95% ClI) or B
coefficient (SE), p-

fild untreated GDM (n=371)

Hispanic

Non-Hispanic

aOR (95% ClI) or B
coefficient (SE)

Perinatal mortality NR NR NR NR NR NR

Mode of birth NR NR NR NR NR NR
Birthweight, g, mean (SD) 3431 (499) 3344 (510) 31.7 (41.9), p=0.45) 3478 (543) 3388 (630) 34.0 (69.1), p=0.62)
Macrosomia, n (%) 62 (12) 23 (9) 1.12 (0.63 t0 1.98) 40 (16) 17 (15) 1.01 (0.52 to 1.96)
LGA, n (%) 63 (12) 22 (9) 1.19 (0.67 to 2.11) 38 (15) 16 (14) 0.94 (0.47 to 1.86)
Birth injury NR NR NR NR NR NR
Neonatal hypoglycaemia, n 84 (21) 25 (13) 2.04 (1.18 to 3.53) 30 (15) 13 (14) 0.98 (0.44 t0 2.18)
(%)
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Study Reference

Berggren 2012

Authors’
Conclusions

Admission to NICU, n (%) 30 (6) 19 (8) 0.97 (0.48to0 1.94) 21 (8) 13 (11) 0.63 (0.28't0 1.41)
Long-term outcomes NR NR NR NR NR NR

Additional efforts may target at-risk women with hyperglycaemia, but not overt GDM, for intervention and treatment, regardless of race/ethnicity. Our
findings suggest that diagnostic criteria tailored to race/ethnicity may not be warranted, at least not among women with mild GDM or glucose intolerance.

Abbreviations: aOR, adjusted odds ratio; BMI, body mass index; Cl, confidence interval; GDM, gestational diabetes mellitus, MFMU, maternal-fetal medicine units; NICHD,
National Institute of Child Health and Human Development; NICU, neonatal/newborn intensive care unit; NR, not reported; OGTT, oral glucose tolerance test; RCT, randomised
control trial; SD, standard deviation; SE, standard error; US, United states.

Table 51: MAMMA, Berntorp 2015

Study Reference

MAMMA, Berntorp 2015

Study Design

Design

Prospective cohort study

Objective

To evaluate the relative importance of maternal BMI and glucose levels in prediction of large-for-gestational-age (LGA) births
Dates

2003 to 2005

Country
Sweden

Setting
Delivery departments, Skane, southern Sweden

Patient recruitment and eligibility

Recruitment: During the years 2003-2005, pregnant women representing different glucose categories according to universal screening by the 2 h
glucose level of the OGTT were invited to take part in a follow-up program, the Mamma Study. During the recruitment period, OGTT results from the local
antenatal clinics were sent to the study co-ordinator, enabling the identification of the test results of women who consented to be enrolled. If a woman
had repeated pregnancies during the period, only the first one was included. If a repeat OGTT was performed, only the first one was included. Inclusion
criteria: NR

Population Exclusion criteria: NR Characteristics
Other:
Sample size
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N screened/invited =
Study Reference

MAMMA, Berntorp 2015
N eligible = 11,976 OGTT results N enrolled
=NR

N excluded (with reason) = 10 974 (missing information from perinatal database or on LGA excluded)

N lost to follow-up = NR N
completed = NR
N excluded from analysis = NR

N included in analysis =development sample 5487; validation sample 5487

Maternal demographics
Characteristic

<5.7 (n=2637)

Glucose quartiles

(mmol/L)

5.7 to 6.4 (n=2783)

6.5to0 7.2 (n=2,819)

Maternal age, years
<20 80 (32.5) 62 (25.2) 63 (25.6)
20-34 2148 (24.2) 2288 (25.8) 2264 (22.5)
235 409 (21.6) 433 (22.9) 492 (26.0)
Cardiometabolic health
Maternal BMI, kg/m?
<18.5 50 (25.6) 50 (25.6) 50 (25.6)
18.5t0 24 1496 (25.1) 1569 (26.3) 1542 (25.9)
25.0t0 29.9 585 (22.0) 641 (24.1) 687 (25.9)
30to0 34.9 182 (20.8) 187 (21.4) 223 (25.5)
235 83 (20.1) 103 (25.0) 93 (22.6)
Weight, kg NR NR NR
Ethnicity, n (%)
White NR NR NR
Black NR NR NR
South Asian NR NR NR
East Asian NR NR NR
Mixed NR NR NR
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Medical history/risk factors, n (%)

Hypertension NR NR NR
Diabetes NR NR NR
Study MAMMA, Berntorp
Reference 2015
Pre-pregnant NR NR NR
smoking
No 2220 (23.4) 2408 (25.4) 2430 (25.6)
Yes 341 (27.2) 309 (24.6) 333 (26.6)
Obstetric history, n)
(%
Parity
1 128 (23.8) 134 (24.9) 141 (26.2)
2t03 119 (24.1) 128 (26.0) 124 (25.2)
24 16 (24.1) 15 (22.5) 15 (23.4)
Education level NR NR NR

Maternal glycaemic characteristics

NR

Page 241



UK NSC external review — Screening for Gestational Diabetes

Study Referencel

MAMMA, Berntorp 2015|

Methods

Duration of follow-up

NR

Method of blood glucose measurement

The HemoCue blood glucose system was used to obtain immediate analysis of glucose concentrations. All women received a 75 g OGTT.

Diagnostic criteria and test(s)

The 75 g OGTT is offered to all women in the 28™ week of gestation and is done after overnight fasting at their local antenatal clinic. Normal glucose
tolerance during pregnancy is defined as a 2 h capillary plasma glucose concentration < 8.9 mmol/L. In 2004, routine glucose measurements in Sweden
were switched from blood glucose measurements to plasma glucose measurements, and a transformation factor of 1.11 was agreed on, resultingina 2 h
threshold value of 10.0 mmol/L for capillary plasma glucose to define GDM. If 2 h capillary plasma glucose concentration is 8.9—9.9 mmol/L, indicating
gestational impaired glucose tolerance (IGT), the OGTT is repeated within a week. Threshold cut-offs NGT: <8.9 mmol/L

IGT: 8.9 to 9.9 mmol/L
GDM: 10.0 mmol/L

Qutcomes

LGA births, small-for-gestational-age (SGA) births and adequate-for-gestational-age (AGA) births were defined as birth weight greater than +2 standard
deviations (SD), less than —2 SD and between —2 SD and +2 SD of the expected birth weight for gestational age and gender, respectively, according to the
Swedish reference curve for fetal growth.

The prediction model for LGA was developed on the development dataset using univariate and multivariable logistic regression analyses. The variables
tested were: maternal age, parity 1, parity = 4 (with parity 2—3 as reference), maternal smoking, maternal BMI (continuous), maternal height (continuous),
and glucose levels (continuous). Variables with a crude p-value of <0.05 in their association with LGA in the univariate model were entered into a multiple
model, and variables with a p-value of <0.05 in the multiple model were entered into the final multiple model. A two-sided p-value <0.05 was considered
statistically significant.

Adverse neonatal

Pregnancy outcomes
Outcome, n (%)* <5.7 (n=2637) 5.7 to 6.4 (n=2783) 6.5t0 7.2 (n=2819)

Gestational age at birth

<37 weeks (i.e. pre-term) 117 (20.0) 148 (25.3) 153 (26.2)
37-41+6 weeks 2345 (24.0) 2472 (25.3) 2502 (25.6) 0.006
242+0 weeks 175 (26.5) 163 (24.7) 164 (24.8)

* 0 is out of total in row rather than total in glucose group
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Study Reference MAMMA, Berntorp 2015

outcomes . ]
Neonatal outcomes according to maternal glycaemic status

Outcome, n (%)* <5.7 (n=2637) 5.7 to 6.4 (n=2783) 6.5 to 7.2 (n=2819)

Perinatal mortality NR NR NR NR
Mode of birth NR NR NR NR
Macrosomia NR NR NR NR
Weight for gestational age
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Study Reference MAMMA, Berntorp 2015

SGA 69 (23.2) 80 (26.9) 68 (22.9)

AGA 2446 (24.2) 2577 (25.5) 2578 (25.6) <0.001
LGA 115 (20.1) 110 (19.2) 156 (27.3)

Birth injury NR NR NR NR
Neonatal hypoglycaemia NR NR NR NR
Admission to NICU NR NR NR NR
Long-term outcomes NR NR NR NR

* % is out of total in row rather than total in glucose group

OR for LGA per mmol/L of glucose or per SD of glucose

Risk factor

Univariate model

Multiple model

F nal multiple model

95% ClI

p-value

2-hour glucose (per 1 mmol increase) 1.12 1.09 0.033 1.09 1.01to 1.18 0.028
Authors’ Both the 2 h glucose level of the OGTT and maternal BMI had a significant effect on the risk of delivering an LGA neonate. However, the relative
Conclusions contribution was much higher for BMI, even when taking other risk factors into account.

Abbreviations: AGA, adequate-for-gestational-age; BMI, body mass index; Cl, confidence interval; GDM, gestational diabetes mellitus, IGT, impaired glucose tolerance; LGA,
large-for-gestational-age; NGT, normal glucose tolerance; NICU, neonatal/newborn intensive care unit; NR, not reported; OGTT, oral glucose tolerance test; OR, odds ratio; SD,

standard deviation; SGA, small-for-gestational-age.

Table 52: Biri 2009

Study Reference Biri 2009

Study Referencel
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Study Design

Design
Retrospective analysis

Objective

To evaluate the effect of markedly elevated 50-g glucose loading test (GLT) (=200 mg/dL) and equivocal 100-g GLT (one abnormal value) results on

maternal and perinatal outcomes.
Dates

January 2004 to December 2006

Country
Turkey

Setting

Faculty of Medicine, Department of Obstetrics and Gynecology, Gazi University

Population

Biri 2009
Patient recruitment and eligibility

Recruitment: Retrospective analysis of all singleton pregnancies that were screened for GDM in the study institution Inclusion

criteria: NR Exclusion criteria: NR

Other: NR Sample
size
N screened/invited
=2029
N eligible = 2029
N enrolled = 2029
N excluded (with
reason) = NR
N lost to follow-up

Characteristics= NR

N completed =
2029
N excluded from
analysis=0 N
included in analysis
=2029
Maternal
demographics
Characteristic Group 1l  Group Group
(N=1432) 2 3

(N=326) (N=142)

Page 245



UK NSC external review — Screening for Gestational Diabetes

Mean maternal 29.6 30.9 32.1
age, years (SD) (4.6) (4.9 (4.6)
Cardiometabolic NR NR NR
health

Ethnicity, n (%) NR NR NR
Medical NR NR NR

history/risk
factors, n (%)

Obstetric NR NR NR
history, n (%)
Education level NR NR NR

Study Reference

Maternal glycaemic characteristics
NR

Methods

Duration of follow-up
To delivery

Method of blood glucose measurement
GLT (50 g) was performed for 2059 patients between the 24th and 28th gestational weeks as recommended by ACOG

Diagnostic criteria and test(s)
GLT (50 g): a value of 140 mg/dL was considered as the cut-off. Patients who were screen-positive underwent a 100 g GTT to diagnose GDM as 100 g

GTT was preferred to 75 g GTT in the authors’ department. Cut-off values for plasma glucose were defined as 105, 190, 165, 145 mg/dL for fasting, 1, 2
and 3 h tests after the 100 g GTT, respectively. These cut-off values adopted by the study department were first proposed by O’Sullivan and Mahan in
1964 and were converted to plasma values by the ‘National Diabetes Data Group’ in 1979

Threshold cut-offs
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Biri 2009

The first group consisted of patients with a normal 50 g GLT. Second group was formed by patients with an abnormal 50 g but a normal 100 g GLT. Third
group included patients with one abnormal value after 100 g GLT. Patients in the fourth group were diagnosed to have GDM after an abnormal 100 g
GLT. Patients in the fifth group had a value 2200 mg/dL after 50 g GLT and were diagnosed to have GDM.

e 1432 patients (70.6%) had a value below 140 mg/dL after 50 g GLT and formed group 1
*  Group 2 consisted of the 326 patients (16.1%) with an abnormal 50 g GLT and a normal 100 g GTT
* 142 patients (7.0%) with an abnormal 50 g GLT and only one abnormal value detected by 100 g GTT fell into group 3

e Group 4 consisted of 73 patients (3.6%) with two or more abnormal values detected in 100 g GTT performed after a GLT value between 140
mg/dL and 199 mg/dL

» 56 patients (2.8%) with a GLT value =200 mg/dL for whom GTT was not performed formed group 5
Outcomes
Maternal ages, gestational ages at birth, birth weights, Apgar scores and neonatal complications were the main parameters studied. Neonates with a birth
weight below the 10th percentile were defined as small for gestational age (SGA) and those with a birth weight above the 90th percentile were defined as
large for gestational age (LGA). A cut-off value of 4000 g was considered for the definition of macrosomia. Blood glucose levels of neonates were
evaluated 1 and 4 h after birth and venous haematocrit levels were evaluated 4 h after birth. Hypoglycaemia was defined as a blood glucose level below

40 mg/dL and polycythaemia was defined as a venous haematocrit level above 65%

Pregnancy outcomes
QOutcome, %

Group 3 (n=142)

Group 1 (n=1432)

Group 2 (n=326)

Gestational age at birth, mean (SD) 39.0 (1.4) 38.6 (1.3) 38.4(1.4)

Pre-term birth, % 0.4 0.6 1.4
Study Referencel

Pregnancy complications, %

Pre-eclampsia 15 2.3 2.1

Stillbirth NR NR NR

Neonatal outcomes according to maternal glycaemic status
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Adverse neonatal

QOutcome, %

Group 1 (n=1432)

Group 2 (n=326) Group 3 (n=142)

outcomes

Perinatal mortality NR NR NR
C-section 54.8 63.1 63.4
Macrosomia 5.8 8.3 12.7
LGA 8.0 12.0 14.8
Birth injury NR NR NR
Neonatal hypoglycaemia 0.4 1.2 3.5
Neonatal hospitalisation 59 9.7 14.8
Mean 1-min Apgar score (SD) 9.1 (0.8) 9.0 (0.8) 9.0 (0.8)
Mean 5-min Apgar score (SD) 9.9 (0.4) 9.9 (0.4) 9.9 (0.4)
Long-term outcomes NR NR NR

Study Reference

Biri 2009

Authors’
Conclusions

Adverse maternal and perinatal outcomes in patients with one elevated GTT value and in patients with a GLT value >4200 mg/dL detected in this study
warrant close glucose monitoring and treatment in these groups even in the absence of a diagnostic abnormal GTT

Abbreviations: ACOG, American College of Obstetricians and Gynecologists; GDM, gestational diabetes mellitus; GLT, glucose loading test; GTT, glucose tolerance test; LGA,
large-for-gestational-age; NR, not reported; SD, standard deviation; SGA, small-for-gestational-age.

Table 53: Cheng 2009

Study Reference

Cheng 2009

Study Design

Design
Retrospective cohort study

Objective
To examine perinatal outcomes in women who would meet the diagnostic criteria for gestational diabetes mellitus (GDM) according to the Carpenter and
Coustan but not according to the National Diabetes Data Group (NDDG) thresholds.

Dates
January 1988 to December 2001

Country
us

Setting
University of California, San Francisco
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Patient recruitment and eligibility
Recruitment: A retrospective cohort study of all pregnancies screened for GDM and delivered at the University of California, San Francisco Inclusion

criteria: NR

Exclusion criteria: The exclusion criteria were multifetal pregnancies, vaginal breech deliveries, delivery before 24 weeks of gestation, known lethal
congenital anomalies, and pregestational diabetes mellitus. Other: NR

Sample size
Population N screened/invited = NR
Characteristics N eligible = 14,693

N enrolled = NR

N excluded (with reason) = NR
N lost to follow-up = NR

N completed = NR

N excluded from analysis = NR
N included in analysis = NR
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Study Reference Cheng 2009
Maternal demographics

Characteristic

Maternal age, years, %

No GDM (n=13,940)

GDM only by C&C (untreated;

n=273)

82.1 72.9
271
17.9 NR
13.9
-pregnant BMI, 2 NR 86 1
NR
10.2 27.0
6.0
89.8 12.0
55.0
NR
NR
‘ <35 (n=11,966) :2
235 (n=2,727)
Pre kg/m
BMI, kg/m?
<30 (n=8,172)
‘ 230 (n=969)
Weight, kg
Ethnicity, %
White (n=5,316)
African American (n=2,111)
Latina (n=1,774)
Asian (n=4,773)
Medical history
Hypertension
|_Diabetes
38.9
154
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Study Reference Cheng 2009
12.6

33.1

NR

NR
Pre-pregnant smoking NR
Pre-pregnant alcohol use NR NR
Nulliparous (n=7,938) 54.4 48.0
Multiparous (n=6,755) 45.6 52.0
Educationtevet NR NR
Maternal glycaemic characteristics NR Duration of follow-up
Until delivery

Methods

Method of blood glucose measurement

Screening of GDM was most often performed between 24 and 28 weeks of gestation using the 50 g, 1 h screening test, with subsequent 3 h 100 g OGTT
for confirmation if screened positive. During the study period, plasma glucose was measured by the glucose oxidase technique. The test was switched to
the glucose hexokinase technique between 1992 and 1999. However, internal controls were used to confirm consistency between the two techniques,
and the equipment was calibrated three times daily for quality control. Test results were abstracted from a laboratory database and linked with a perinatal

database

Diagnostic criteria and test(s)

In women at high risk for GDM, early screening and diagnosis during the first or early second trimester was commenced.

During the study period, GDM was diagnosed using the NDDG criteria at the University of California, San Francisco. Women who would have been given a
diagnosis of GDM based on the Carpenter and Coustan (but not the NDDG) criteria received routine care and did not receive further counselling or nutrition
education during the study period, because they were considered “ruled out” for GDM

Threshold_cut-offs.

In these high-risk patients who screened negative, a repeat 50 g, 1 h screening test was performed between 24 and 28 weeks of gestation. For the majority
of the study population (more than 98%), the threshold for obtaining an OGTT was 140 mg/dL since 1995. Before this, a small minority (1-3%) of the
women were considered screened positive when a 50 g, 1 h screening threshold of 135 mg/dL was used

Outcomes

Maternal outcomes included mode of delivery, third- or fourth- degree perineal lacerations, pre-eclampsia, and preterm delivery (less than 37 weeks of
gestation)
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Study Reference Cheng 2009
Neonatal outcomes included 5-minute Apgar score <7, neonatal acidaemia as measured by umbilical cord artery pH <7.0 and base excess <—12, LGA
(defined as birth weight >97th centile by gestational age), macrosomia (birth weight >4,500 g), shoulder dystocia (as diagnosed by the delivering
attending), birth trauma (examined as a composite variable for brachial plexus injury, facial nerve palsy, clavicular fracture, skull fracture, and head
laceration), neonatal hypoglycaemia, jaundice, and admissions to the intensive care nursery
Pregnancy outcomes

Qutcome, n (%) No GDM (n=13,940) GDM by C&C Only AOR (95% CI) P value
Gestational age at birth NR NR NR NR
Pre-term birth (n=1,057) 7.0 9.5 1.36 (0.84 to 2.18) 0.09
Pregnancy complications

Pre-eclampsia (n=677) 4.5 6.2 1.30 (0.71 to 2.38) 0.01
Stillbirth NR NR NR NR
3'/4th degree perineal laceration 9.0 11.4 1.16 (0.73 to 1.86) 0.14
(n=1,108)

Postpartum haemorrhage (n=3,297) 22.6 26.7 1.08 (0.79 to 1.49) <0.001
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Study Reference

Cheng 2009

Neonatal outcomes according to maternal glycaemic status

Adverss neohatal Outcome, n (%) No GDM (n=13,940) GDM by C&C Only AOR (95% CI) P value
outcomes Lot
Perinatal mortality NR NR NR NR
Mode of birth
Spontaneous vaginal delivery 69.1 58.5 - <0.001
(n=10,125)
Operative vaginal delivery (n=2,053) 14.0 18.8 1.72 (1.20 to 2.46)
C-section (n=2,525) 16.9 22.7 1.44 (1.01 to 2.07)
Labour dystocia 43.0 42.9 1.37 (0.82 to 2.28)
Fetal intolerance of labour 21.1 10.2 0.66 (0.24 to 1.80) 0.03
Repeat 14.4 14.3 - '
Other 21.5 32.6 -
Macrosomia (n=235) 1.6 4.0 4.47 (2.26 to 8.86) 0.01
LGA (n=209) 1.3 5.1 4.28 (2.24 to 8.18) <0.001
5-min Apgar score <7 (n=388) 2.6 2.6 1.01(0.48 to 2.53) 0.88
Birth trauma® (n=542) 3.7 4.4 1.26 (0.66 to 2.42) 0.43
Shoulder dystocia (n=209) 1.7 3.3 2.24 (1.03 to 4.88) 0.14
Neonatal hypoglycaemia (n=269) 1.7 1.8 0.93 (0.34 to 2.55) <0.001
Admission to Intensive Care Nursery 6.0 5.9 0.99 (0.54 t0 1.77) 0.91
Admission (N=884)
Long-term outcomes NR NR NR NR

& Composite variable for skull fractures, head lacerations, clavicular fractures, facial nerve palsy, and Erb’s palsy.
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Study Reference

Cheng 2009

Authors’
Conclusions

Women diagnosed with GDM by the Carpenter and Coustan criteria but not by the NDDG criteria had higher risk of operative deliveries, macrosomia, and
shoulder dystocia. The authors recommend using the Carpenter and Coustan diagnostic thresholds for GDM, because these diagnostic criteria are more
sensitive than the NDDG criteria.

Abbreviations: AOR, adjusted odds ratio; C&C, Carpenter and Coustan; Cl, confidence interval; GDM, gestational diabetes mellitus, LGA, large-for-gestational-age; NDDG,
National Diabetes Data Group; NR, not reported; OGTT, oral glucose tolerance test; US, United states.

Table 54: Corrado 2009

Study Reference

Corrado 2009

Study Design

Design
Retrospective cohort study

Objective

To evaluate which pregnant women with a single abnormal value in the oral glucose tolerance test are at increased risk for adverse perinatal outcome.
Dates

January 1996 to December 2005

Country
Italy

Setting
Department of Obstetrics and Gynecology, University of Messina

Population
Characteristics

Patient recruitment and eligibility

Recruitment: Retrospective enrolment

Inclusion criteria: Caucasian singleton pregnancies who had a positive screening test and then an OGTT during the study period Exclusion criteria:
Multiple gestations were excluded from the study Other:

Sample size

N screened/invited = 989

N eligible = 989

N enrolled = 776

N excluded (with reason) = 142 with GDM

N lost to follow-up = NR
N completed = NR
N excluded from analysis = 71 (missing obstetric outcome data)
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Study Reference

Corrado 2009

N included in analysis =776
Maternal demographics

Characteristic

OAV (n=152)

Controls (n=624)

Significance

Mean age, years (SD) 31.2 (5.06) 30.10 (4.85) 0.01
Cardiometabolic health, mean (SD)

Pre-pregnant BMI, kg/m? NR NR NR
BMI, kg/m? 25.01 (5.14) 24.15 (4.37) 0.04
Weight, kg NR NR NR
Ethnicity, n (%) NR NR NR
Medical history/risk factors, n (%)

Hypertension NR NR NR
Diabetes NR NR NR
Family history of diabetes 54 (35.5) 173 (27.7) 0.06
Pre-pregnant smoking NR NR NR
Pre-pregnant alcohol use NR NR NR
Obstetric history, n (%)

Nulliparous NR NR NR
Parity >1 66 (43.4) 276 (44.1) 0.92
Education level NR NR NR

Maternal glycaemic characteristics NR
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Study Reference

Methods

Duration of follow-up
Data of the maternal-fetal outcome and weight gain in pregnancy were collected after delivery from patients’ charts

Method of blood glucose measurement
The pregnant women were routinely screened at 24—28 weeks of gestation. The glucose oxidase method was used for plasma venous glucose
determination.

Jdiagnostic criteria and test(s)
/enous plasma glucose concentrations were measured 1 h after a 50 g oral glucose load (GCT). If the glucose value was 2135 mg/dL the subject

underwent a 3 h—100 g OGTT within the next 2 weeks. GDM was diagnosed when two or more glucose values equalled or exceeded 95, 180, 155 and
140 mg/dL, respectively, according to Carpenter’s criteria. The plasma insulin concentration was routinely measured on the fasting blood sample.

Threshold cut-offs
GDM: two or more glucose values 295, 180, 155 and 140 mg/dL respectively according to Carpenter’s criteria
Patients were divided into two groups: one abnormal value (OAV) and control patients (with all four glucose values within the normal range at the OGTT).

Qutcomes
Primary endpoint

Corrado 2009

* Hypertensive disorders of pregnancy (pre-eclampsia and pregnancy-induced hypertension), caesarean section, gestational age at delivery, birth
weight, macrosomia, Apgar score at 1 and 5 minutes after birth and neonatal hypoglycaemia

* Pre-eclampsia was defined as blood pressure higher than 140/90 on two or more occasions and proteinuria >300 mg in 24 h. Pregnancy
induced hypertension was diagnosed if the blood pressure met the previously mentioned criteria without the presence of proteinuria.
Macrosomia was defined as a birth weight 24000 g and hypoglycaemia a glucose value 530 mg/dl within 2 h from the birth.

Secondary endpoints

Pregnancy outcomes

Outcome OAYV (n=152) ‘ Controls (n=624) p-value
Gestational age at birth, mean (SD) 38.5(1.8) 38.8 (1.6) 0.06
Pre-term birth NR NR NR
Pregnancy complications, n (%)

Hypertensive disorders 21 (13.8) 27 (4.3) 0.0001
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Neonatal outcomes according to maternal glycaemic status
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ﬁS:/ceJ;eegeonatal Outcome OAV (n=152) Controls (n=624)

Perinatal mortality NR NR NR

Mode of birth, n (%)

Induction of labour NR NR NR

Vaginal delivery NR NR NR

Instrumental delivery NR NR NR

Caesarean sections, n (%) (56) (39) 0.0001

Planned C-section NR NR NR

Macrosomia (12.5) (6.2) 0.01

LGA NR NR NR

Birth injury NR NR NR

Apgar Score, mean (SD)

1-minute score 7.9 (1.9) 8.1(1.7) 0.3

5-minute score 9.3(0.9) 9.4 (0.7) 0.2

Neonatal hypoglycaemia, n (%) (6.2) 4.2) 0.4

Admission to NICU NR NR NR

Long-term outcomes NR NR NR

The authors’ results show that the implications of a single elevated glucose tolerance test value vary in relation to the timing of the abnormal value. In

Authors’ fact, OAV fasting or 1-h after load has a higher prevalence for an adverse obstetric outcome, whereas a 2 or 3-h value does not present significant
Conclusions differences when compared with the control group.

Abbreviations: BMI, body mass index; GCT, glucose challenge test; GDM, gestational diabetes mellitus; LGA, large-for-gestational-age; NICU, neonatal/newborn intensive care unit; NR, not reported;
OAV, one abnormal value; OGTT, oral glucose tolerance test; SD, standard deviation.

Table 55: Davis 2018

Page 258



UK NSC external review — Screening for Gestational Diabetes

Study Reference

Davis 2018

Study Design

Design
Retrospective cohort study

Objective

To examine the association between different diagnostic criteria for GDM and adverse birth outcomes
Dates

January 2006 to December 2010

Country
us

Setting
A large women’s academic hospital

Study Reference

Patient recruitment and eligibility

Recruitment: Retrospective study of pregnant women with singleton pregnancies who delivered at the study institution.

Inclusion criteria: Participants had to have a 1 h 50 g GCT <130 mg/dL, or 2130 mg/dL and <180 mg/dL, and a clinically indicated 3 h 100 g OGTT
Exclusion criteria: Women were excluded if they had multiple gestations, pre-existing diabetes, or delivered at another hospital. Women were also
excluded if they were missing key independent variables, such as glucose values or date of last period, had out of range GAs (<0 or >43 weeks) or did not
have glucose testing done

Sample size

N screened/invited = 7,819

N eligible = 7,819

N enrolled = 6,894

N excluded (with reason) = missing date of last period: 554; did not have GDM testing with 50 or 100 g OGTT: 91, gestational age at testing was out of

Population range (<0 or >43 weeks): 42; gestational age at delivery was out of range (<0 or >43 weeks): 192; no glucose testing was done: 46 Characteristics

N lost to follow-up = NR

N completed = 5,937

N excluded from analysis = 755 (GDM test data not useable e.g. only a 100 g test was done, or 50 g test only and test result was 136—179 [inclusive], or
GDM testing pattern was not “50 GCT or 50 + 100 g OGTT) N

included in analysis = 5,937

Maternal demographics

Normal (n=4,941) Elevated GCT + NL OGTT GDM by IADPSG criteria

(n=544) (n=181)
Maternal age at delivery, years, mean (SD) 30.3 (5.7) 31.9 (5.1) 32.1 (5.2)

Cardiometabolic health, n (%)

Screening for Gestational Diabetes

Page 259



UK NSC external review —

Study Reference

Davis 2018
Pre-pregnant BMI, kg/m? NR NR NR
Underweight 155 (4.4) 10 (2.9) 1(0.9)
Normal weight 2,124 (59.9) 204 (58.5) 58 (52.3)
Overweight 759 (21.4) 72 (20.6) 33(29.7)
Obese 509 (14.4) 63 (18.1) 19 (17.1)
Ethnicity, n (%)
White 3,500 (70.8) 409 (75.2) 134 (74.0)
Black 942 (19.1) 51 (9.4) 23 (12.7)
Other 348 (7.0) 65 (11.9) 17 (9.4)
Unknown 151 (3.1) 19 (3.5) 7(3.9)
Medical history/risk factors, n (%)
Any smoking during pregnancy 367 (7.4) 30 (5.5) 15 (8.3)
Obstetric history, n (%)
Nulliparous 2,150 (43.5) 251 (46.2) 82 (45.3)
Primiparous 1,880 (38.1) 202 (37.2) 65 (35.9)
Multiparous (2+ or more) 907 (18.4) 90 (16.6) 34 (18.8)
Education level
High school graduate/GED or less 862 (19.7) 50 (10.4) 17 (11.6)
Some college/associate degree 877 (20.1) 77 (16.0) 30 (20.4)
Bachelor’'s degree 1,263 (28.9) 167 (34.6) 59 (40.1)
Master’s degree and higher 1,367 (31.3) 188 (39.0) 41 (27.9)

Maternal glycaemic characteristics

+ GDM prevalence in the population was 4.6% using the GDM/CC criteria (data not extracted for this population); an additional 3.0%

was detected using the GDM/IADPSG for a total of 7.6%

+  The mean 50 grams glucose values were significantly different across the four groups and increased across the groups from normal to

mild, GDM/IADPSG, and GDM/CC
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Study Reference Davis 2018
«  Mild hyperglycaemia: Elevated 50 g GCT 2130 mg/dL and all 4 values normal 3 h 100 g OGTT
+  GDM/IADPSG (modified IADPSG): elevated value 1 h 50 g GCT + 1 elevated value on 100 g OGTT using the IADPSG criteria. At this
threshold, blood glucose is considered ‘normal’ under the CC criteria, and women were therefore untreated
Outcomes

Primary endpoint

»  LGA birth weight defined as birth weight >90'" percentile for GA based on US birth weight standards
Secondary endpoints

*  Macrosomia birth weight 24000 g
«  Primary caesarean delivery defined using current procedural terminology codes 74, 74.1, 74.9

Hypertensive disorders of pregnancy, a composite variable that included either having pre-eclampsia or gestational hypertension as
defined by ICD codes

«  Preterm delivery, defined as delivery <37 weeks of gestation
Severe vaginal lacerations (3'%/4"" degree lacerations) Shoulder dystocia

Glucose tolerance Normal (n=4,941) Elevated GCT + NL OGTT GDM by IADPSG criteria

(n=544) (n=181)
50 g GCT value (mg/dL), mean (SD) 99.0 (17.1) 147.0 (11.9) 150.6 (13.9)

Methods

Duration of follow-up
NR (retrospective)

Method of blood glucose measurement

Universal screenina with a random 50 a GCT for GDM with the maioritv screened between 24 and 28 weeks' aestation
Diagnostic criteria and test(s)

. 1h50gGCT

. Plus a clinically indicated 3 h 100 g OGTT

Threshold cut-offs
Non-overlapping groups were compared:
. Normal: <130 mg/dL

Study Reference

Screening for Gestational Diabetes

Davis 2018
Pregnancy outcomes
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Outcome, n (%) Normal Elevated GCT + Normal OGTT (n=544) GDM by IADPSG criteria (n=181)
Adverse neonatal (n=4,941)
outcomes Outcome | Outcome = Unadjusted pvalue Adjusted p-value Outcome  Unadjusted pvalue | Adjusted p-value
value value OR, CI OR, CI value OR, ClI OR, CI
Gestational 39.3(2.0) | 39.3(2.0) NR NR NR NR 39.4 (1.9) NR NR NR NR
age at birth,
weeks, mean
(SD)
Pre-term birth (9.2) (9.4) 1.020 (0.75 to| 0.8990 1.243 0.2890 (8.3) 0.891 (0.52 | 0.6730 1.423 0.284
(GA <37 weeks), 1.38) (0.83to to 1.52) (0.75to
n (%) 1.86) 2.71)
Pregnancy
complications
Hypertensive (8.9) (9.4) 1.053 (0.78 to| 0.7396 1.080 0.7227 | (12.2) 1.409 (0.89 | 0.1406 1.215 0.5627
disorder of 1.43) (0.70 to to 2.22) (0.63 to
pregnancy 1.66) 2.35)
Neonatal outcomes according to maternal glycaemic status
0,
Outcame, n (%) (:i‘ﬂ‘::) Elevated GCT + NL OGTT (n=544) GDM by IADPSG criteria (n=181)
Outcome Outcome Unadjusted Adjusted Outcome Unadjusted Adjusted
value OR (95% p-value OR (95% p-value OR (95% p-value OR (95% p-value
value value
Cl) Cl) Cl) Cl)
Perinatal NR NR NR NR NR NR NR NR NR NR NR
mortality
Mode of birth
C-section 1,267 | 175(322)| 1.375(1.14 | 0.0011 | 1.181 | 0.2023 | 51(28.2) | 1.138(0.82 | 0.4440 | 0.810 | 0.3765
(25.6) to 1.66) (0.91to to 1.58) (0.51to
1.52) 1.29)
Macrosomia 455 (9.2) | 99(108) 71196 (0.90 | 0.2217 | 0988 | 0.9551 | 32 (17.8) | 2.126 (1.43 | 0.0002 | 1.876 | 0.0245
24,000 g to 1.59) (0.66 to to 3.15) (1.08 to
1.48) 3.25)
LGA 530 (10.8) 66 (12.1) 1.145 (0.87 | 0.3297 0.938 0.7406 | 34 (18.9) 1.932 (1.32 | 0.0008 1.466 0.1708
to 1.50) (0.64 to to 2.84) (0.85 to
1.37) 2.53)
Birth injury
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S tudy Reference

Davis 2018}
Lacerations (3" (4.2) (5.5) 1.352(0.91 | 0.1336 1.024 0.9338 (6.7) 1.655(0.91 | 0.1012 0.925 0.8819
or 4™ degree) to 2.01) (0.59 to to 3.02) (0.33to0
1.78) 2.58)
Shoulder (2.1) (2.0 0.953 (0.51 | 0.8798 0.540 0.2360 (3.4) 1.592 (0.69 | 0.2760 1.294 0.6688
dystocia to 1.79) (0.19to to 3.68) (0.40to
1.50) 4.21)
Neonatal NR NR NR NR NR NR NR NR NR NR NR
hypoglycaemia
Admission to NR NR NR NR NR NR NR NR NR NR NR
NICU
Long-term NR NR NR NR NR NR NR NR NR NR NR
outcomes
Study Reference Delibas 2018
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Design
Study Design Retrospective study

Women with an elevated 50 g GCT 2130 mg/dL and a normal 3 h OGTT had similar perinatal outcomes in this study as compared to the women with a
Authors’ normal 50 g GCT (<130mg/dL). The overall low risk of complications among women with a normal 50 g GCT or abnormal 50 g GCT and normal 3 h

Conclusions OGTT suggests that only a very small proportion of women would have had a normal 50 g GCT and significantly elevated 3 h OGTT with downstream
adverse outcomes

Abbreviations: BMI, Body Mass Index; Carpenter and Coustan; Cl, confidence interval; GA, gestational age; GCT, glucose challenge test; GDM, gestational diabetes mellitus,
GED, general educational development; IADPSG, International Association of Diabetes and Pregnancy Study Groups; ICD, International Classification of Disease; LGA, largefor-
gestational-age; NL, normal; NR, not reported; OGTT, oral glucose tolerance test; OR, odds ratio; SD, standard deviation; US, United States.

Table 56: Delibas 2018
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Study Reference

Population
Characteristics

Delibas 2018

Objective
To determine whether pregnant women who have reactive hypoglycaemia during the 100 g oral glucose tolerance test (OGTT) are at an increased risk of
poor pregnancy outcomes.

Dates
January 2012 and December 2014

Country
Turkey

Setting
Obstetric and Clinics Department of Gaziosmanspasa University and Tokat Sate Hospital

Patient recruitment and eligibility

Recruitment: Retrospective review of the perinatal data of all women who underwent a 3h OGTT and gave birth at the study institution during the study
period.

Inclusion criteria: Women with singleton pregnancies who had abnormal 1 h 50 g GCT results (= 140 mg/dL) at 24—-28 weeks of gestation and thus
underwent the 3 h 100 g oral GTT were included in the study

Exclusion criteria: The exclusion criteria were twin pregnancies, documented type | or Il diabetes mellitus, multiple GCTs in the same pregnancy (only
one entry per pregnancy was allowed), and incomplete medical records. Other:

Sample size

N screened/invited = NR

N eligible = 421

N enrolled =413

N excluded (with reason) = 8 (1.9%) due to incomplete medical records

N lost to follow-up = NR

N completed = NR

N excluded from analysis = NR
N included in analysis = 413
Maternal demographics

Characteristic Reactive hypoglycaemia Normo-glycaemia (n=316) Single high glucose value

(n=15) (n=33)

| Age, years, mean (SD) 26.4 (4.4) 28.2 (5.6) 31.4 (5.4)*
Cardiometabolic health
Pre-pregnant BMI, kg/m? NR NR NR
BMI, kg/m? NR NR NR
Weight, kg NR NR NR
Ethnicity, n (%)
White NR NR NR
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Delibas 2018 Study Reference

Black NR NR NR
South Asian NR NR NR
East Asian NR NR NR
Mixed NR NR NR
Medical history/risk factors, n (%)

Hypertension NR NR NR
Diabetes NR NR NR
Pre-pregnant smoking NR NR NR
Pre-pregnant alcohol use NR NR NR
Obstetric history, mean (SD)

Parity 0.6 (0.9) 0.6 (0.9) 0.9 (0.9)
Gravida 2.4(1.1) 2.4(1.3) 2.7(1.1)
Education level NR NR NR

Maternal glycaemic characteristics
Glucose tolerance

50 g GCT, mg/dL

Study population (N=413)

glucose values, 2140 mg/dL)

Delibas 2018

2140 413 (100)
100 g OGCT, mg/dL

<45 mg/dL (reactive hypoglycaemia) 15 (3.6)
All plasma glucose normal 316 (76.5)
(normoglycemia)

Single high glucose value, 2140 mg/dL 33(0.8)
Gestational diabetes (two or more high 49 (11.9)

Methods

Duration of follow
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NR up

NR lucose measurement

Diagnostic criteria
Non-

Inancies are screened for GDM at 24—28 weeks of pregnancy using a two-step standard protocol during a routine prenatal visit. This
°  h50g GCT, followed by a 3 h 100 g diagnostic OGTT if the GCT plasma glucose result is 2140 mg/dL
* Reactive hypoglycaemia: glucose <45 mg/dL
« Normoglycemia: all plasma glucose values are normal
. Single high glucose value: only one abnormal glucose value
Gestational diabetes: two or more high plasma glucose values

Threshold cut-offs

' GDMwas diagnosed when two or more OGTT plasma glucose levels met the criteria for a positive test as recommended by the
National Diabetes Data Group (NDDG), which include plasma glucose thresholds of 95 mg/dL for fasting, 180 mg/dL for 1 h, 155 mg/dL
for 2h, and 140 mg/dL for 3 h OGTTs

Study Reference

* Reactive hypoglycaemia was defined as a plasma glucose level of < 45 mg/dL (2.5 mmol/L) according to the 1986 Consensus
Statement of the Third International Symposium on Hypoglycemia. Another reason for choosing this cut-off plasma glucose level (45
mg/dL) for hypoglycaemia was that it was detected in less than 10% of the study population during OGTTs.

Outcomes

Endpoints (primary and secondary not specified)
» Large-for-gestational-age (LGA) status was defined as a birth weight above the 90th percentile for age
*  SGA was defined as a birth weight below the 10th percentile for age
* Macrosomia was defined as an estimated fetal weight of 4,000 g or more, regardless of gestational age
*  Apgar score at 5 minutes, weight (g), NICU admission

Pregnancy outcomes

Outcome, n (%) Reactive hypoglycaemia Normo-glycaemia Single high glucose value (n=33)
(n=15) (n=316)
Gestational age at birth 37.2(1.5) 38.5(1.7) 38.5(1.3)
Pre-term birth 3(20.0) 19 (6.0) 3(9.1)
Authors’ Although the prevalence of reactive hypoglycaemia during the 3 h 100 g OGTT is relatively low, it is significantly associated with low

Conclusions APGAR scores, low birth weights, and prenatal admission to the NICU
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Adverse neonatal
outcomes

Delibas 2018'

Pregnancy complications

Pre-eclampsia 0(0)

4(1.4)

1(3.3)

Neonatal outcomes according to maternal glycaemic status

2 |In accordance with

guidelines from the

Outcome, n (%) Reactive Normo-glycaemia Single high glucose
hypoglycaemia (n=15) (n=316) value (n=33)
Perinatal mortality NR NR NR
Mode of birth
C-section? (28.6) (28.5) (33.3)
Macrosomia
Birth weight, g, mean (SD) (544.6) 3282.4 (452.8) 3290.6 (510.5)
LGA 0) (2.8) (3.0
Birth injury NR NR NR
Neonatal hypoglycaemia NR NR NR
Apgar 5 min, mean (SD) 8.3 (1.3) 9.0 (0.8) 8.6 (1.6)
Apgar <7 (5 min), n (%) (20.0) (1.9) 0)
Admission to NICU (26.7) (9.2) (18.2)
Long-term outcomes NR NR NR

Ministry of Health in
Turkey, elective C-

section was recommended to women with GDM and estimated fetal weights of 4,000 g or more and to women without GDM and estimated fetal

weights of 4,500 g or more. Elective and non-elective C-sections were not distinguished between.
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Abbreviations: APGAR; appearance, pulse, grimace, activity, and respiration, BMI, Body Mass Index; GCT, glucose challenge test; GDM, gestational diabetes mellitus, GTT,
glucose tolerance test; LGA, large-for-gestational-age; NDDG, National Diabetes Data Group; NICU, neonatal/newborn intensive care unit; NR, not reported; OGTT, oral glucose
tolerance test; SD, standard deviation.

Table 57: Dennedy 2012 (ATLANTIC-DIP)

Study Reference

Dennedy 2012 (ATLANTIC-DIP)

Study Design

Design
Prospective cohort study

Objective

To investigate the effects of raised maternal BMI on pregnancy outcome in glucose-tolerant women using the International Association of Diabetes and
Pregnancy Study Groups criteria

Dates

September 2006 to 2009

Country

Ireland

Setting

Five antenatal centres

Population
Characteristics

Patient recruitment and eligibility

Recruitment: A representative sample of the obstetric population including euthyroid women with normal glucose tolerance carrying singleton pregnancies
was selected

Inclusion criteria: Euthyroid women with normal glucose tolerance carrying singleton pregnancies were selected Exclusion

criteria: NR

Other: NR Sample size

N screened/invited = NR

N eligible = 3,656

N enrolled = 3,656

N excluded (with reason) = NR
N lost to follow-up = NR

N completed = NR

N excluded from analysis = NR
N included in analysis = 3,656
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Maternal demographics

Study Reference

Characteristic Population (n=3,656)

Age, years, mean (SD; range) 31 (5.3; 16 to 48)

Study Reference Dennedy 2012 (ATLANTIC-DIP)

Pre-pregnant BMI, kg/m? NR
BMI, kg/m?, n (%)

Normal 1,582 (43)
Overweight 1,369 (38)
Obese 695 (19)*
Grade | obese 482 (13)
Grade Il obese 168 (5)
Grade Ill obese 55 (1.5)
Weight, kg NR
Caucasian, n (%) 3,428 (94)
Hypertension NR
Diabetes NR
Pre-pregnant smoking NR
Smoking during pregnancy, n (%) 291 (8)
Pre-pregnant alcohol use NR
Nulliparous NR
Parous without GDM NR
Parous with GDM NR
Education level NR

*Number reported for obese as a whole (695 women) is lower than when different obese classes are added up (705 women).The publication does not refer
to this discrepancy.
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Maternal glycaemic characteristics NR

Duration of follow-up

Data was collected from study entry until 12 weeks postpartum
Method of blood glucose measurement

The 75 g OGTT was performed at 24 to 28 weeks’ gestation
Diagnostic criteria and test(s)

. Fasting plasma glucose

. 1hOGTT - 2h OGTT

Methods
Threshold cut-offs

Normal glucose tolerance was based on IADPSG recommendations

Outcomes
Pregnancy outcomes:
. Delivery mode (vaginal [normal vs instrumental], lower segment C-section by Pfannen steil incision [LSCS] [elective and emergency])

Dennedy 2012 (ATLANTIC-DIP)

*  Pregnancy-induced hypertension (PIH; blood pressure >140/90 mmHg on at least two occasions more than 6 h apart in women with
normal booking blood pressure)

*  Preeclamptic toxaemia (PET; hypertension, proteinuria [>300 mg/24 h] onset >20 weeks)
* Antepartum haemorrhage (APH; vaginal bleeding from 24 weeks until term)
*  Postpartum haemorrhage (bleeding >500 mL after vaginal delivery, >1000 mL post-LSCS)

Fetal outcomes:
*  Birthweight
»  Congenital malformations (ICD-10)
*  Shoulder dystocia
* Neonatal hypoglycaemia
» Jaundice
* Respiratory distress
* Miscarriage (death <20 weeks’ gestation)
»  Stillbirth (death >24 weeks’ gestation)
* Neonatal death (within 1 week of delivery)
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Study Reference

Adverse neonatal

OR per mmol/L of glucose or per SD of glucose

QOutcome, OR (95% CI)

Fasting glucose

Glucose 60 min

Glucose 120 min

Gestational age at birth

NR

NR

NR

Pre-term birth

NR

NR

NR

Pregnancy complications

Pregnancy-induced hypertension

1.220 (0.663 to 2.246)

1.049 (0.910 to 1.209)

1.160 (0.960 to 1.402)

Pre-eclamptic toxaemia (hypertension,
proteinuria)

0.812 (0.427 to 1.546)

1.157 (0.998 to 1.341)

0.922 (0.759 to 1.120)

Stillbirth

NR

NR

NR

Outcome, OR (95% ClI)

Perinatal mortality

Fasting glucose

NR

Glucose 60 min

NR

Glucose 120 min

NR

Mode of birth

Emergency C-section

1.069 (0.672 to 1.699)

1.159 (1.041 to 1.290)2

1.094 (0.977 to 1.256)

Planned C-section

1.400 (0.877 to 2.234)

1.035 (0.930 to 1.152)

0.956 (0.830 to 1.102)

Macrosomia

1.817 (1.265 to 2.609)

1.065 (0.980 to 1.157)

0.968 (0.867 to 1.082)

LGA 1.526 (1.034 to 2.253) 1.129 (1.032 to 1.235)2 0.954 (0.874 to 1.074)
Birth injury NR NR NR
Congenital malformation 0.903 (0.309 to 2.635) 1.095 (0.856 to 3.960) 1.064 (0.770 to 1.472)
Neonatal hypoglycaemia NR NR NR
Admission to NICU NR NR NR
Long-term outcomes NR NR NR

outcomes

Study Reference

Dennedy 2012 (ATLANTIC-DIP)

2p<0.01; Pp<0.05

Authors’
Conclusions

NR (conclusions related to BMI only)

Abbreviations: BMI: Body Mass Index; Cl: confidence interval; GDM: gestational diabetes; IADPSG: Implementation of the International Association of Diabetes and
Pregnancy Study Groups; LGA: large-for-gestational age; NICU: neonatal intensive care unit; NR: not reported; OGTT: oral glucose tolerance test; SD: standard deviation

Page 272



UK NSC external review — Screening for Gestational Diabetes

Table 58: Donovan 2017
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Study Reference

Donovan 2017

Study Design

Design
Retrospective population-based cohort study

Objective

To examine outcomes associated with alternative glucose thresholds in a 2-step approach for screening and diagnosing GDM
Dates

October 2008 to December 2012

Country
Canada

Setting
Alberta (universal healthcare system)

Population
Characteristics

Patient recruitment and eligibility

Recruitment: The retrospective cohort study included all pregnancies that occurred during the study period in the province of Alberta, which has
approximately 4 million residents

Inclusion criteria: Pregnant women who had GDM screening, i.e. a 50 g GDM screen followed by a 75 g OGTT when screening was 27.8 mmol/L (140
mg/dL) or a 75 g OGTT alone

Exclusion criteria: Women who delivered prior to 29 weeks of gestation, pregnancies of women with pre-existing diabetes, identified from the APHP
antepartum record

Other:

Sample size

N screened/invited = 214,254

N eligible = 178,527

N enrolled = 178,527

N excluded (with reason) = 2,217 (delivery prior to 29 weeks’ gestation); 162 (birth at unknown gestational age); 1,551 (pre-pregnancy diabetes); 25,969
(no 50 g screen and 75 g OGTT); 5,828 (no subsequent 75 g OGTT)

N lost to follow-up = NR
N completed = 178,527
N excluded from analysis = NR
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Study Reference Donovan 2017
N included in analysis = 178,527

Maternal demographics
Characteristic Normal 50 g screen Normal 75 g screen HAPO 1.75 (N=4308)

(N=144,191) (N=21,248)

Age, years, mean (SD) 28.8 (5.3) 30.3 (5.3) 31.2(5.1)
Cardiometabolic health

Pre-pregnant BMI, kg/m? NR NR NR
BMI, kg/m? NR NR NR
Weight, >91 kg, n (%) 12,166 (8.4) 2,077 (9.8) 615 (14.3)

Ethnicity, n (%)

White NR NR NR
Black NR NR NR
South Asian NR NR NR
East Asian NR NR NR
Mixed NR NR NR

Medical history/risk factors, n (%)

Hypertension NR NR NR
Diabetes NR NR NR
Smoking 19,611 (13.6) 2,622 (12.3) 529 (12.3)
Pre-pregnant alcohol use NR NR NR

Obstetric history, n (%)

Nulliparous 64,014 (44.4) 9,195 (43.3) 1,789 (41.5)
Parous without GDM NR NR NR
Parous with GDM NR NR NR
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Study Reference Donovan 2017
Education level NR NR NR
Median household income, CAD$, mean (SD) 69,305 (19,166) 70,493 (20,109) 70,445.8 (20,568.2)
Urban residence, n (%) 121,228 (84.1) 18,474 (86.9) 3,756 (87.2)
Maternal glycaemic characteristics
Glucose tolerance Normal 50 g screen Normal 75 g screen HAPO 1.75 (N=4308)
(N=144,191) (N=21,248)
N (%) 144,191 (80.8) 21,248 (11.9) 4,308 (2.4)
50 g glucose screen, mmol/L <7.8 27.8 27.8
75 g OGTT, mmol/L
Fasting Not collected <5.1 25.1t0<6.3
1 hour Not collected <10.0 210 to <10.6
2 hours Not collected <8.5 28.5 10 <9.0
Duration of follow-up
Methods NR

Page 276



UK NSC external review — Screening for Gestational Diabetes

Study Reference

Donovan 2017

Method of blood glucose measurement
In Alberta, GDM is diagnosed using a 2-step approach, in keeping with the Canadian Diabetes Association 2013 Clinical Practice Guidelines for the

Prevention and Management of Diabetes in Canada

A randomly timed 50 g glucose screen is recommended for all pregnant women without previous diagnoses of diabetes by 24 to 28 weeks’ gestation,
followed by a 75 g OGTT when the screening test is 27.8 mmol/L (140 mg/dL) and <10.3 mmol/L (185 mg/dL)

Diagnostic criteria and test(s)
e 50 g glucose screen
e 75g0GTT

Threshold cut-offs
*  Normal 50 g screen: Normal gestational screens (<7.8 mmol/L). Women were considered to have no GDM and underwent no further testing
Normal 75 g OGTT: Normal 75 g OGTTs, no GDM
¢ HAPO 1.75: at least 1 abnormal value on the 75 g OGTT, corresponding to glucose values associated with an adjusted OR of 1.75 for specified
adverse events in the HAPO study and less than an adjusted OR of 2.0. This is the threshold for diagnosis of GDM suggested by IADPSG, albeit
without a 50 g screen. Women in this group would not diagnosed with GDM according to the CDA guidelines used in routine practice at the time
of study and are therefore unlikely to have been treated

Qutcomes
Primary endpoint
* LGArrate, defined as having birthweights above the 90th percentile for age and sex on the basis of a national population reference
Secondary endpoints
*  Hypertensive disorders of pregnancy, defined as a composite of gestational hypertension, preeclampsia and eclampsia. APHP defines
gestational hypertension as a new diastolic blood pressure reading above 90 mm Hg on at least 2 measurements at 20 weeks’ gestation,
preeclampsia as gestational hypertension with 1+proteinuria or higher on a urinary dipstick recorded on an antepartum risk assessment form,
and eclampsia as seizures, as recorded on the intrapartum risk assessment form
*  Induction of labour
e Caesarean delivery
»  Stillbirth, defined as an infant delivered at 20 weeks of gestation or longer or weighing 500 g or more and without vital signs at birth

Pregnancy outcomes

Page 277



Study Reference
Adverse neonatal
outcomes

UK NSC external revie

Neonatal outcomes

Outcome, n (%)

Normal 50 g screen

Normal 75 g screen

HAPO 1.75 (N=4,308)

(N=144,191) (N=21,248)
§§§P@H&H8‘@9%B&BH&M Diabetes NR NR NR
Pre-term birth NR NR NR
Pregnancy complications NR NR NR
Hypertensive disorders of pregnancy 8,028 (5.6) 1,550 (7.3) (9.2)
Stillbirth (0.2) (0.3) (0.3)

according to maternal glycaemic status

Outcome, n (%)

Normal 50 g screen
(N=144,191)

Normal 75 g screen
(N=21,248)

HAPO 1.75 (N=4,308)

Neonatal death 150 (0.1) 22 (0.1) 6 (0.1)
Mode of birth

Induction of labour 39,611 (27.5) 5,887 (27.7) 1,274 (29.6)
C-section 37,455 (26.0) 6,535 (30.8) 1,561 (36.2)
Birth weight g, mean (SD) 3,345.6 (538.5) 3,345 (570.6) 3,377.0 (605.7)
Macrosomia (reported as >4000 g) 13,924 (9.5) 2,385 (11.0) 594 (13.5)
LGA 12,045 (8.2) 2,270 (10.5) 628 (14.2)
Birth injury NR NR NR
Neonatal hypoglycaemia NR NR NR
Apgar 5 minutes, 5to <7, n (%) 3,302 (2.3) 531 (2.4) 122 (2.8)
Admission to NICU NR NR NR
Long-term outcomes NR NR NR

OR of outcomes in each glucose category relative to baseline category

Outcome

OR (95%

Normal 50 g screen

(N=144,191)

o)

p-value

OR (95% CI)

Normal 75 g screen
(N=21,248)

p-value

HAPO 1.75 (N=4,308)

OR (95% ClI) p-value

LGA 1 (ref) NA 1.3(1.2t0 1.4) <0.01 1.7 (1.6 t0 1.9) <0.01
C-section 1 (ref) NA 12(1.1t01.2) <0.01 1.4 (1.3to 1.5) <0.01
Induction 1 (ref) NA 1.0 (1.0to0 1.0) 0.47 11(1.0t01.2) 0.01
Hypertensive disorders of 1 (ref) NA 1.3(1.2to 1.4) <0.01 15(1.4t01.7) <0.01
pregnancy

Study Reference

Donovan 2017
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Our results support the use of a 2-step approach for diagnosis of GDM because a negative 50 g screen was associated with a low risk for adverse
pregnancy outcomes. However, there was a progressively increased risk for adverse outcomes when the 50 g screen was positive, especially when there
was high maternal weight; therefore, the best diagnostic thresholds for the 75 g OGTT remain arbitrary and debatable. Further research is needed to
determine whether glycaemic thresholds for GDM diagnosis should incorporate information on maternal weight

Authors’
Conclusions

Abbreviations: ClI: confidence interval; GDM: gestational diabetes; LGA: large-for-gestational age; NICU: neonatal intensive care unit; OR: odds ratio; OGTT:
oral glucose tolerance test; OR: odds ratio; SD: standard deviation.

Table 59: Ezell 2015
Study Reference Ezell 2015

Design
Study Design Prospective cohort study
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Ezell 2015
Study Reference

Objective

To examine the association between 1 h glucose challenge test (GCT) values and risk of caesarean section
Dates

February 2009 to June 2010

Country
us

Setting
Obstetric clinics in the Henry Ford Health System in metropolitan Detroit, Michigan

Patient recruitment and eligibility

Recruitment: NR

Inclusion criteria: Pregnant black women between the ages of 18 to 44, receiving prenatal care from obstetric clinics Exclusion
criteria: NR

Other: NR Sample

size

N screened/invited = 203

N eligible = 158

N enrolled = 158

N excluded (with reason) = clinician-documented GDM in the current pregnancy (n=12); 3 h 100 g OGTT values consistent with GDM (n=7);
preexisting type 2 diabetes (n=5); never screened for GDM (n=5); incomplete 1 h GCT (n=2); abnormally high 1 h GCT result never followed up for
diagnostics, due to presentation of labour (n=2); met Leykin and Pellis (2009) definition for “super-super” morbid obesity (maternal pre-pregnancy BMI
>60 kg/m?; n=3); twin pregnancy (n=2); missing information due to delivery occurring at an outside facility (n=7)

Population N lost to follow-up = NR
Characteristics N completed = 158
N excluded from analysis = 0
N included in analysis = 158
Maternal demographics
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Ezell 2015
Study Reference
Characteristic Vaginal delivery (n=105) C-section delivery (n=53) P value
25.9 (6.1) 26.1 (5.6) 0.825
Pre-pregnant BMI, kg/m , mean (SD) 27.2 (6.7) 31.4 (7.3) <0.001
Underweight, n (%) 6 (5.7) 1(1.9) NR
Normal weight, n (%) 37 (35.2) 12 (22.6) NR
Overweight, n (%) 35 (33.3) 8 (15.1) NR
Obese, n (%) 27 (25.7) 32 (60.4) NR
BMI, kg/m? NR NR NR
Weight, kg NR NR NR
Age, years, mean (SD) Cardiometabolic health
2
Ethnicity, n (%) All women were black as per the inclusion criteria
Medical history/risk factors, n (%)
Hypertension NR NR NR
Diabetes NR NR NR
Pre-pregnant smoking NR NR NR
Smoking during pregnancy 9 (8.6) 4 (7.59) 0.545
Pre-pregnant alcohol use NR NR NR
Obstetric history, n (%)
Nulliparous 47 (44.8) 29 (54.7) 0.237
Parous without GDM NR NR NR
Parous with GDM NR NR NR
Education level, years, mean (SD) 12.8 (1.8) 12.9 (1.4) 0.888

Maternal glycaemic characteristics

The overall mean 1 h GCT value was 104.2 (SD 21.3) mg/dL
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Ezell 2015

Study Reference
Duration of follow-up
NR

Method of blood glucose measurement
In accordance with the ACOG guidelines, as part of routine prenatal care, women were screened for GDM at approximately 28 weeks of gestation using

the 1 h 50 g GCT. Women classed as screening “positive” were then tested for GDM with the 3 h 100 g OGTT

Diagnostic criteria and test(s)
. 1 h 50 g GCT: The lower bound for screening positive depended on the individual medical provider making the

determination; at

HFHS, the criteria to classify women as screening positive varied slightly (cut-offs of GCT 2130 mg/dL, 2135 mg/dL, or 2140 mg/dL
were used by different clinicians. For purposes of analysis, the primary analysis was done using continuous GCT levels; when
examining based on categorical considerations, an abnormal GCT screen was defined using the mid-point of the value used at HFHS

of 2135 mg/dL
Methods . . . o
* 3h100g OGTT: Unclear, but appears GDM was diagnosed using ACOG criteria

Threshold cut-offs
. OR for 1 mg/dL increments in glucose level measured by 1 h 50 g GCT - Elevated glucose level by 1 h 50 g

GCT: >135 mg/dL

Logistic regression models were fit to examine the association of continuously distributed 1 h GCT values and delivery mode (vaginal versus C-section).
Models were fit unadjusted and then adjusted for potential confounding variables, specifically maternal age, previous C-section, and maternal
prepregnancy BMI, which were identified in the literature as variables associated with delivery mode and/or 1 h GCT value. The authors then refit their
models stratified by parity status (nulliparous compared to parous)

Qutcomes
Primary endpoint

+ C-section
Secondary endpoints
None reported in relation to 50 g GCT glucose levels

Pregnancy outcomes
NR

Neonatal outcomes according to maternal glycaemic status
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Ezell 2015
NR

Study Reference
OR of outcomes in each glucose category relative to baseline category

* In contrast to women with 1 h GCT values <135 mg/dL, parous women with an elevated 1 h GCT were at 5.1 times higher odds of
having a C-section (95% CI: 0.7 to 37.4; p = 0.113), after adjusting for maternal age, maternal pre-pregnancy BMI and prior C-section

OR per 1 mg/dL increments in glucose 50 g GCT value and delivery by C-section, compared to vaginal delivery, in the overall sample and stratified by

Outcome, n (%) Overall Nulliparous Parous
OR (95% ClI) OR (95% ClI) OR (95% ClI)

h GCT (mg/dL): Model 1 1.01 (1.00 to 0.131 1.00 (0.98 to 0.856 1.03 (1.00 to 0.034
1.03) 1.02) 1.05)

h GCT (mg/dL): Model 2 1.01 (1.00 to 0.171 1.00 (0.98 to 0.943 1.05 (1.01 to 0.017
1.03) 1.02) 1.09)

h GCT (mg/dL): Model 3 1.01 (0.99 to 0.356 1.00 (0.98 to 0.884 1.05 (1.00 to 0.029
1.03) 1.02) 1.05)

parity

Adverse neonatal outcomes

In multivariable models, there was no evidence of an association between unplanned C-section and 1 h GCT values (relative to vaginal delivery).
Conversely, for every 1 mg/dL increase in 1 h GCT value, the unadjusted odds of having a planned C-section versus vaginal delivery increased by 1.03
(95% CI: 1.00 to 1.05; p = 0.036). Adjusting for maternal age, previous C-section, and maternal pre-pregnancy BMI, the association between 1 h GCT
value and risk of planned C-section compared to vaginal delivery was borderline statistically significant (OR = 1.06; 95% CI: 1.0 to 1.12; p = 0.051) (models
not shown in publication)
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Ezell 2015

In multivariable models, there was no evidence of an association between unplanned C-section and 1 h GCT values (relative to vaginal delivery).
Conversely, for every 1 mg/dL increase in 1 h GCT value, the unadjusted odds of having a planned C-section versus vaginal delivery increased by 1.03
(95% CI: 1.00 to 1.05; p = 0.036). Adjusting for maternal age, previous C-section, and maternal pre-pregnancy BMI, the association between 1 h GCT
value and risk of planned C-section compared to vaginal delivery was borderline statistically significant (OR = 1.06; 95% CI: 1.0 to 1.12; p = 0.051)

(models not shown in publication)

Abbreviations: ACOG; American College of Obstetricians and Gynecologists; BMI, Body Mass Index; Cl, confidence interval; GCT, glucose challenge test; GDM, gestational
diabetes mellitus; HFHS, Henry Ford Health System; NR, not reported; OGTT, oral glucose tolerance test; OR, odds ratio; SD, standard deviation; US, United States.

Authors’
Conclusions
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Table 60: Jiang 2017

Study Reference Jiang 2017

Design
Retrospective cohort study
Objective
To assess the pregnancy-related outcomes of women according to the different diagnostic criteria for GDM adjusting for body mass index categories.
Dates
January 2011 and April 2015
Study Design Country
Australia
Setting
Westmead Hospital Institute Clinical Pathology and Medical Research database

Patient recruitment and eligibility

Recruitment: All women satisfying the inclusion criteria of singleton pregnancy, having an antenatal 75 g OGTT after 20 weeks of pregnancy, no history
of pre-gestational diabetes and delivery >24 weeks’ gestation at the study institution during the study period were included Other: Only the first
pregnancy was used for analysis if a woman had multiple pregnancies during this period
Sample size
N screened/invited = NR
N eligible = 4081
N enrolled = NR
N excluded (with reason) = NR

N lost to follow-

up = NR

N completed =

NR

N excluded from

analysis = NR

Population N included in
Characteristicsanalysis = NR

Maternal

demographics

Characteristic = Control | GDM 2010-
(N=3185) Only

(untreated;
N=94)
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Age, years, 30.0 (27 | 30.5(27to
median (IQR) to 33) 34)
Maternal body 23.44 25.78
BMI, kg/m? (20.27 to (21.71to
median (IQR) 26.62) 29.85)
Pre-pregnant NR NR
BMI, kg/m?
Weight by
category
Normal 1747 41 (44.1)
(55.2)
226 (7.1) 2(2.2)
Underweight
Overweight 711 23 (24.7)
(22.5)
Obese 480 27 (29.0)
(15.2)
Caucasian 1435 35(37.2)
(45.1)
Study Reference Jiang 2017
Subcontinental 882 (27.7) 42 (44.7)
East and Southeast Asian 590 (18.5) 8 (8.5)
African 112 (3.5) 4 (4.3)
South American 38 (1.2) 1(1.2)
Polynesian 126 (4.0) 4 (4.3)
Medical history, n (%)
Hypertension NR NR
Family history of diabetes 1169 (36.9) 43 (45.7)
Smoking in pregnancy 186 (5.8) 3(3.2)
Pre-pregnant alcohol use NR NR
Nulliparous NR NR
Parous without GDM NR NR
Parous with GDM NR NR
Education level NR NR

Maternal glycaemic characteristics

Glucose tolerance?

Control (N=3185)

GDM 2010-Only (N=94)
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FPG, mmol/L 4,20 (3.25t0 5.15) 5.2(5.1t05.3)
2-hour 75 g OGTT, mmol/L 6.1 (5.35to0 6.85) 6.6 (5.95 to 7.25)
a Kruskal-Wallis

Duration of follow-up
N/A — data abstracted from database of obstetric outcomes
Method of blood glucose measurement

During this period, standard antenatal care at Westmead Hospital for all women reaching 24-28 weeks gestation included a onehour non-fasting 50 g

GCT. Those with a one-hour result 27.8 mmol/L would be referred to have a two sample 75 g OGTT. This involves measuring venous plasma BGL from
peripheral venous blood sampling at fasting, and two hours post-ingestion of a 75 g glucose load. Diagnostic criteria and test(s)

* Fasting blood glucose

. 759 O0GTT
The diagnosis of GDM and referral for subsequent management was based on the ADIPS 1998 criteria (fasting glucose 255 mmol/L and/or two hours'
result 28.0 mmol/L).

Methods

Threshold cut-offs
*  Control cohort: women without GDM on any diagnostic criteria on 75 g OGTT (fasting BGL <5.1 and 2 hours BGL <8.0)
e ‘GDM 2010-Only’ group: women who would be diagnosed with GDM according to the new IADPSG 2010 criteria only but did not satisfy the
ADIPS 1998 criteria (fasting BGL 5.1 to 5.4 mmol/L and two hours BGL <8.0 mmol/L)

Outcomes
« LGA, defined as >90™ neonatal birth centile

Qutcome, n (%) Control GDM 2010-Only OR (95% ClI)
Gestational age at birth NR NR NR
Pre-term birth (5.6) (4.3) 0.75 (0.27 to 2.07)

Pregnancy complications

Pre-eclampsia NR NR NR
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Study Reference Stillbirth (0.3) (0) - Jiang 2017

. SGA, defined as <10" neonatal birth centile

* Neonatal birth centile was calculated using a customised birthweight centile calculator adjusting for maternal age, parity, ethnicity,
neonatal sex, gestation and weight

. Preterm birth, defined as delivery <37 weeks gestation

. Primary C-section was only analysed in women without a previous C-section or major uterine surgery in order to avoid confounders such as the
need for a C-section due to a previous uterine scar

. Shoulder dystocia, the application of McRobert's manoeuvre was used as an indicator of the presence of shoulder dystocia

Pregnancy outcomes

Neonatal outcomes according to maternal glycaemic status

Outcome, n (%) Control GDM 2010-Only OR (95% ClI)

Perinatal mortality NR NR NR

Mode of birth NR NR NR
Adverse neonatal g rimary C-section 536 (20.1) 24 (33.8) 2.03 (12310 3.35)

Macrosomia NR NR NR

LGA 298 (9.4) 19 (20.2) 2.45 (1.46 t0 4.12)

Birth injury

Shoulder dystocia 215 (6.8) 5(5.3) 0.78 (0.31to0 1.93)

Brachial plexus neuropathy NR NR NR

Neonatal hypoglycaemia NR NR NR

Admission to NICU NR NR NR

Long-term outcomes NR NR NR
Authors’ Untreated women who would be diagnosed with GDM using the new criteria have an increased risk of pregnancy complications, with maternal obesity
Conclusions having an even greater risk.

Abbreviations: ADIPS, Australasian Diabetes in Pregnancy Society; BGL, blood glucose level; BMI, body mass index; Cl, confidence interval; FPG, fasting plasma glucose;
GDM, gestational diabetes; IQR, interquartile range; LGA, large-for-gestational age; NICU, neonatal intensive care unit; N/A, not applicable; NR, not reported; OGTT, oral glucose
tolerance test; SGA, small-for-gestational age
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Table 61: Lopez de Val 2019 (GDMFU)

Study Reference Lopez de Val 2019

Design
Retrospective study
Objective

To establish whether fastina alucose levels in the first trimester (FGFT) of breanancv 292 ma/dl (5.1 mmol/l) (FGFT) anticipate the occurrence of
maternal-fetal complications of gestational diabetes mellitus. To assess whether FGFT can replace diagnosis of GDM using the classical two-step oral

glucose tolerance test (OGTT)

Study Design Dates
NR

Country
Spain

Setting
Obstetrics Department of Hospital Severo Ochoea, Madrid

Patient recruitment and eligibility

Recruitment: The GDMFU study was an unplanned follow-up study of women, and their offspring who participated in the Eunice Kennedy Shriver
National Institute of Child Health and Human Development’'s Maternal-Fetal Medicine Units (MFMU)

Exclusion criteria: Patients with prior diabetes or who had prenatal screening but suffered subsequent miscarriage
Other: NR Sample size

N screened/invited = 1425

N eligible = 1425

N enrolled = NR

N excluded (with reason) = 59 (miscarriage following screening)
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Population

Weight, kg

Ethnicity, n (%)

Medical history/risk factors, n (%)
Pre-gestational hypertension
Smokers

Family history of diabetes
Previous GDM

Previous miscarriages
Pre-pregnant alcohol use
Obstetric history, n (%)
Previous pregnancies
Parous without GDM

Parous with GDM
Education level

N lost to follow-up = NR

Characteristics N completed = NR

Maternal demographics

Studyv Reference

N excluded from analysis = 84 women diagnosed with GDM
and therefore treated for GDM N included in analysis = 1348

(11.9)

NR
NR

(1.4) (15.1)
(16.7) (3.0
(28.3) NR

(40.4)
NR
NR
NR

(22.3)

NR
NR

(3.1) (11.9)
(29.0)

(8.6)
(27.9) NR

(53.8)
NR
NR
NR

Inclusion criteria: The population reported in this analysis consisted of offspring of untreated mild GDM as well as offspring of non-GDM women.

Age, years, mean (SD)
Cardiometabolic health

Pre-pregnant BMI, kg/m?

BMI, kg/m?, mean (SD)

<25, n (%)

25-29.9,n (%)

Characteristic

Lopez de Val 2019

32.4 (5.1)

NR
24.6 (4.5)
659 (64.2)

246 (24.0)

FGFT <92

(n=1239)

33.8 (4.4)

NR
26.6 (5.0)

63 (40.1)

FGFT 292
(N=193)

<0.01

NR
<0.01
<0.01

>30, n (%)
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Maternal glycaemic characteristics NR
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Study Reference

Lopez de Val 2019
. Intrauterine fetal death
. Malformations
. Trauma to the newborn resulting from labour
. Respiratory distress
. Admission to the NICU

Pregnancy outcome

Results referring to obstetric and fetal complications according to fasting glucose in the first trimester (FGFT) 292 and <92 mg/d! in pregnant women not

diagnosed with diabetes

Gestational age at birth NR NR
Pre-term birth NR NR

Pregnancy complications Pre-

eclampsia
19 (1.7) 3(2.2)
Stillbirth NR NR
Neonatal outcomes according to Cstafus maternal
glycaemi
Outcome, n (%) FGFT <92 (n=1193) FGFT 292
(N=155)
Outcome, FGFT <92 (n=1193) FGFT 292
n (%) (N=155) ClI), pvalue
Adverse Perinatal NR NR
neonatal mortality NR NR
outcomes Mode of birth 40 (3.4) 12 (7.2) 2.42(1.27to 1.50 (0.63 to
Macrosomia, n
(%)
LGA NR NR
Birth injury

1.02 (0.28 to 3.75,

OR (95% ClI),

AOR (95% Cl),
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Trauma during 3.10 (1.15to0
vaginal delivery 19 (1.6) 9 (5.7) 8.32), NR
p=0.02
Brachial plexus neuropathy NR NR NR NR
Respiratory distress 54 (4.6) 8(5.1) 1.03(0.34to NR
3.21)
Neonatal hypoglycaemia 0.98 (0.27 to 3.55),
26 (2.2) 4 (2.6)
NR pvalue ns
Admission to NICU, n (%) 1.60(0.94t0 1.50
25 (0.78 t0 2.73),
134(112) (465 2.89),° palue ns
p=0.08
Long-term outcomes NR NR NR NR
2 Adjusted for BMI, age and previous GDM ° Adjusted
for BMI and C-section
Authors’ Pregnant women with FGFT levels 292 mg/dl, even with no subsequent diagnosis of GDM, are a risk group for fetal macrosomia and could benefit from

Conclusions dietary measures and physical exercise.

Abbreviations: aOR: adjusted odds ratio; Cl: confidence interval; FGFT: fasting glucose first trimester; GDM: gestational diabetes; NICU: neonatal intensive care unit; NR: not

reported; NS: non-significant; OR: odds ratio; SD: standard deviation.

Table 62: Meek 2015
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Study Reference Meek 2015
Study Reference Meek 2015

Design
Retrospective study
Objective
To assess neonatal and obstetric outcomes among women who test positive for the IADPSG criteria but negative for the NICE 2015 criteria
Dates
2004 to 2008
Study Design Country
England, UK
Setting
Cambridge University Hospitals National Health Service Foundation Trust

Patient recruitment and eligibility

Recruitment: All pregnant women during the study period were invited to be screened at antenatal booking.
Inclusion criteria: Further eligibility criteria were not reported
Exclusion criteria: Women with pre-existing diabetes

Other: NR

Sample size

N screened/invited = 25,789

N eligible = 25,543

N enrolled = NR

N excluded (with reason) = 246; miscarriage (n=59), termination (n=65), no birthweight information (n=3), duplicate data (n=20), records consistent with
overt diabetes (RPG =11.1 mmol/l at booking (n=99) N lost to follow-up = NR

N completed = NR
N excluded from analysis =0 N
included in analysis =25,543
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Maternal demographics
Characteristic

Maternal age, years, mean (95% CI)

NICE-negative
IADPSG-negative

(N=2406)

31.4 (31.2 to 31.6)***

NICE-negative IAD-
positive (N=387)

32.6 (32.1 to 33.1)"**

IADPSG-only 0 hr
(N=167)

32.7 (31.9 to 33.5)***

IADPSG-only 1 hr
(N=288)

32.6 (32.0 to 33.2)"**

Cardiometabolic health

Maternal usual BMI, kg/m?, mean
(95% CI)

26.0 (25.7 to 26.2)***

27.4 (26.8 to 28.1)***

29.0 (27.9 to 30.1)***

27.2 (26.5 to 27.9)***

Weight, kg NR NR NR NR
Ethnicity, n (%)

White 2,151 (89.4) 336 (86.8) 144 (86.2) 246 (85.4)
Black 28 (1.2) 4(1.0) 1(0.6) 3(1.0)
Asian 126 (5.2) 36 (9.3) 18 (10.8) 31(10.8)
Other 89 (3.7) 11 (2.8) 4 (2.4) 8 (2.8)
Medical history/risk factors, n (%)

Hypertension NR NR NR NR
Diabetes NR NR NR NR
Maternal smoking 177 (7.4) 27 (7.0) 11 (6.6) 21(7.3)
Pre-pregnant alcohol use

Obstetric history, n (%)

Primiparous 941 (39.1) 141 (36.4) 57 (34.1) 103 (35.8)
Nulliparous NR NR NR NR
Education level NR NR NR NR

*kk

p<0.001 by linear regression

Maternal glycaemic characteristics NR
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Study Reference

Meek 2015

Methods

Duration of follow-up

Until delivery
Method of blood glucose measurement

All pregnant women were invited to be screened at antenatal booking with a random plasma glucose, typically at 12—16 weeks’ gestation. Both venous
and capillary samples were used during 2004 and 2008 for glucose testing.

Diagnostic criteria and test(s)

All women were screened with a random plasma glucose (RPG) test. Women with RPG>7.0 mmol/L or a previous GDM diagnosis were offered a 75 g
OGTT. All women without known GDM/pre-existing diabetes were screened at 26—28 weeks with a 50 g glucose challenge test (GCT). Women with a
GCT result >7.7 mmol/l were then referred for a 75 g OGTT. Therefore, all women who had an OGTT (n=3,848) had already had at least one abnormal
result on glucose testing during pregnancy, symptoms consistent with hyperglycaemia, or GDM in a previous pregnancy. The WHO 1999 criteria were
used for GDM diagnosis until August 2007 (75 g OGTT 0 h 27.1 mmol/L; 2 h 27.8 mmol/L) and the modified WHO 1999 criteria thereafter (75 g OGTT 0
h 26.1 mmol/L; 2 h 27.8 mmol/l). The criteria proposed by NICE were 75 g OGTT 0 h 25.6 mmol/l; 2 h 27.8 mmol/L.

Threshold cut-offs
IADPSG criteria: 75 g OGTT 0 h 25.1 mmol/l, 1 h 210.0 mmol/l, 2 h 28.5 mmol/I
NICE 2015 criteria: 75 g OGTT 0 h =5.6 mmol/l; 2 h 27.8 mmol/l Groups
* NICE-negative IADPSG-negative (N=2,406): negative for GDM by both criteria
*  NICE-2015 negative, IADPSG-positive (N=387): IADPSG-only 0 h OGTT value 5.1-5.5 mmol/l. Treatment offered to 0%
* IADPSG-only 0 hr (N=167): 25.1 mmol/l on 75 g 1-hr OGTT. Treatment offered to 0%
* IADPSG-only 1 hr (N=288): 210.0 mmol/l on 75 g 1-hr OGTT. Treatment offered to 0%

Outcomes

* Macrosomia, defined as birthweight >4000 g
+ LGA, defined as birthweight >90" percentile for gestational age and was calculated for babies at 24 to 41 weeks’ gestation using the WHO weight percentile calculator

with a mean birthweight of 3,542 g (SD 437 g)

*  Pre-eclampsia, defined as systolic blood pressure 2140 mmHg and/or diastolic blood pressure 290 mmHg on two or more occasions with proteinuria =21+ on dipstick.
Women with chronic hypertension prior to pregnancy were not considered to have pre-eclampsia

»  Preterm delivery was defined as delivery prior to 37 week’s gestation

«  Antepartum haemorrhage, defined as any blood loss form the vagina after the 24" week of gestation

*  Postpartum haemorrhage, defined as blood loss of >500 ml following delivery, or the requirement for a blood transfusion

Pregnancy outcomes
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Study Reference NICE-negative NICE-negative IAD-positive IADPSG-only 0 hr (N=167) IADPSG-only 1 hr (N=288)
Adverse neonatal [NOIij{ele]ag[=W1] IADPSGnegative (N=2,406) (N=387)
outcomes (%)
n (%) OR AOR n (%) OR AOR n (%) OR (95% AOR n (%) OR AOR
or (95% or (95% or Cl) (95% ClI) or (95% (95%
mean ) mean Cl) mean mean )] Cl)
(95%Cl) (95%Cl) (95%Cl) (95%Cl)
Gestational 39.3 39.1 39.1 39.1
age at birth (39.3to NA NA (38.9to NA NA (38.8to NA NA (38.8to NA NA
39.4) 39.2) 39.4) 39.3)
Preterm birth 127 | 075 | 072 110 ) 1.02 0.95 (0.52 | 0.88 (0.46 (o1 sbt0| 097
(5.3) (0.63to | (0.59t0 | (7.5) (0.75to0 | (0.681t0 | (6.6) io 1 76) io 1 7'1) (7.3) 1-67) (0.60 to
: 0.91) 0.89) 1.61) 1.55) ' : ' 1.57)
Pregnancy
complications
Pre-ecampsia 174 | 140 | 121 201 | 1.40 1.90 (113 | 1.12(0.63 (12 o3t0| 166
7.2) (1.18to | (1.01to | (10.1) | (1.43to | (0.97to | (9.6) 03 15) o1 99) (11.1) 3'25) (1.11to
: 1.65) 1.44) 2.81) 2.03) ' : ' 2.48)
sl 0.58 1.09 0.73 1.16 Insufficient | Insufficient ((())ffto 1.46
(0.2) (0.24to | (0.42to0 (0.3) (0.10to | (0.16to 0) events events (0.3) 7-06) (0.19to
1.45) 2.79) 5.24) 8.70) ' 11.09)

OR adjusted for maternal BMI, maternal age, parity, maternal smoking, ethnicity (pre-eclampsia) + pre-eclampsia, antepartum haemorrhage (stillbirth) Reference
for ORs is OGTT not done population

Neonatal outcomes according to maternal glycaemic status

NICE-negative IADPSG- NICE-negative IAD-positive IADPSG-only 0 hr IADPSG-only 1 hr negative (N=2406)
(N=167) (N=288)
n (%) OR AOR n (%) OR (95% AOR (95% n (%) OR AOR | n (%) OR AOR
(95% (95% Cl) Cl) (95% (95% (95%  (95%
Cl) Cl) (¢])) Cl) Cl) Cl)
Perinatal NR NR NR NR NR NR NR NR NR NR NR NR
mortality
Mode of birth
Induction of NR NR NR NR NR NR NR NR NR NR NR NR
labour
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Study Reference

Meek 2015
Spontaneous 1,264 NR NR 190 NR NR 74 NR NR 147 NR NR
vertex delivery (52.5) (49.1) (44.3) (51.0)
(vaginal)
Instrumental 324 1.05 1.06 50 1.00 (0.74 | 1.00 (0.72 20 0.92 0.94 38 1.02 1.03
delivery (13.5) | (0.93to| (0.93 | (12.9) to 1.35) to 1.40) (12.0) | (0.57 (0.55 (13.2) | (0.73 (0.70
1.19) to to to to to
1.21) 1.47) 1.61) 1.44) 1.52)
Emergency 473 1.45 131 94 1.90 (1.50 | 1.60(1.24 44 2.12 1.66 68 1.81 1.49
Csection (19.7) | (1.30to | (1.16 | (24.3) to 2.41) to 2.06) (26.3) | (1.50 (1.13 (23.6) | (1.39 (1.10
1.61) to to 3.00| to to to
1.47) 2.43) 2.41) 2.01)
Planned C+ 342 NR NR 53 NR NR 29 NR NR 35 NR NR
section (14.2) (13.7) (17.4) (12.2)
Other/unknown 3(0.1) NR NR 0 (0) NR NR 0 (0) NR NR 0 (0) NR NR
Macrosomia 403 1.60 1.52 112 3.23(2.59 | 3.55(2.75 61 4.57 5.02 77 2.90 3.21
(16.8) | (1.42to| (1.34 | (28.9) to 4.04) to 4.58) (36.5) | (3.33 (3.46 (26.7) | (2.22 (2.38
1.79) to to to to to
1.73) 6.28) 7.28) 3.77) | 4.34)
LGA 406 1.75 1.63 115 3.64 (291 | 3.12(2.44 63 5.24 4.47 75 3.04 2.58
(16.9) | (1.56to | (1.44 | (29.7) to 4.56) to 3.98) (37.7) | (3.81 (3.15 (26.0) | (2.33 (1.93
1.96) to to to to to
1.84) 7.21) 6.33) 3.98) | 3.46)
Birth injury NR NR NR NR NR NR NR NR NR NR NR NR
Neonatal NR NR NR NR NR NR NR NR NR NR NR NR
hypoglycaemia
1 min Apgar 141 (5.9) | 0.98 1.05 34 1.51 (1.06 1.55(1.06 | 18 1.88 2.16 25 1.49 1.48
score <7, n (%) (0.82to | (0.86 (8.8) to 2.16) to 2.26) (10.8) | (1.15 (1.30 (8.7) (0.99 (0.94
1.17) to to to 3.60 to to
1.28) 3.08) 2.26) 2.31)
5 min Apgar 11 (0.5) | 0.53 0.76 4(1.0) | 1.21 (0.45 1.36 (0.43 | 1(0.6) | 0.69 1.03 4(1.4) | 1.63 1.88
score <7, n (%) (0.29to | (0.40 to 3.27) to 4.38) (0.10 (0.14 (0.60 (0.58
0.97) to to to to to
1.47) 4.98) 7.53) 4.42) 6.05)

Authors’

The IADPSG criteria identify women at substantial risk of complications who would not be identified by the NICE 2015 criteria. Conclusions

Abbreviations: AOR, adjusted odds ratio; BMI, body mass index; Cl, confidence interval; GCT, glucose challenge test; GDM, gestational diabetes; IADPSG, International
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Study Reference Meek 2015

Admission to | 143 (5.9) 0.86 1.09 22 0.82 (0.53 0.76 (0.45 10 0.86 1.05 16 0.80 0.65

NICU (0.72to | (0.89 (5.7) to 1.26) to 1.29) (6.0) (0.45 (0.51 (5.6) (0.48 (0.34

1.02) to to to to to

1.35) 1.64) 2.14) 1.33) 1.23)

Long-term NR NR NR NR NR NR NR NR NR NR NR NR
outcomes

Reference for ORs is OGTT not done population
Association of Diabetes and Pregnancy Study Groups; LGA, large-for-gestational age; NICU, neonatal intensive care unit; NA, not available; NICE, The National Institute for
Health and Care Excellence; NR, not reported; OGTT, oral glucose tolerance test; OR, odds ratio; RPG, random plasma glucose; SD, standard deviation; UK, United Kingdom;
WHO, World Health Organization.

Table 63: Miyakoshi 2010

Study Reference Miyakoshi 2010

Design
Retrospective cohort study

Objective
To investigate the metabolic phenotype and pregnancy outcomes of gestational impaired glucose tolerance (IGT) defined by isolated hyperglycaemia
during an OGTT

Dates
January 1996 to August 2008

Country
Japan

Setting
Keio University (referral) hospital

Study Design

Patient recruitment and eligibility
Recruitment: It appears that all women from the authors' institution fulfilling the inclusion criteria were retrospectively included. Inclusion criteria:
Women who underwent universal screening for GDM at the authors' hospital

Population Exclusion criteria: Women with multiple pregnancies, pregnancies with congenital abnormalities, history of glucose intolerance or of the use of Characteristics

medications known to affect glucose metabolism.

Other: It is unclear where the data on glucose levels was abstracted from, but data on pregnancy and maternal outcomes was taken form women's hospital
records.
Sample size
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Study Reference

N screened/invited = NR

Miyakoshi 2010

N eligible = 4,789
N enrolled = 1,025

N excluded (with reason) = NR

N lost to follow-up = NR

N completed = 1,025 N excluded from analysis = NA N included in analysis =1,025

Maternal demographics

Reported for women screened 1996 to 2008

Characteristic Normal OGTT (N=200) 2 h IGT (N=26) 1 h IGT (N=18)
Age, years, mean (SD) 33.2 (4.5) 34.5 (3.8)** 35.2 (3.8)**
Cardiometabolic health

Pre-pregnant BMI, kg/m2, mean (SD) 20.3 (2.4) 20.9 (3.2)** 20.6 (2.7)
Overweight (BMI 225 kg/m?) (%) 5.3 10.2* 6.1
Underweight (BMI 225 kg/m?) (%) 21.4 13.9 19.7
Ethnicity, n (%) NR NR NR
Medical history/risk factors, n (%)

Diabetes (%) 6.1 14.8** 12.1
Obstetric history, %

Parous 30.1 34.2 31.8
Parous with GDM 0.4 0.9 3.1*
Education level NR NR NR

*p<0.05 vs normal glucose, **p<0.01 vs normal glucose
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Methods

Duration of follow-up
Until birth

Method of blood glucose measurement

1 h 50 g GCT: venous blood sample 1 hour after ingesting 50 g of glucose, administered regardless of fasting

2 h 75 g OGTT: venous blood sample in fasting state (12 h overnight fast), 30 min, 1 h and 2 h after ingestion of 75 g glucose. Diagnostic criteria
and test(s)

* 1 h50g GCT to identify women to receive the OGTT

« GDM and IGT diagnosed based on Japan Society of Obstetrics and Gynaecology criteria using 2 h 75 g OGTT

Threshold cut-offs
e GCT >7.8 mmol/L
* IGT one value above: 5.6 mmol/L fasting, 10.0 mmol/L 1 h, 8.3 mmol/L 2 h

* GDM 22 abnormal values: 5.6 mmol/L fasting, 10.0 mmol/L 1 h, 8.3 mmol/L 2 h

Study Reference

Miyakoshi 2010

Outcomes
Primary outcome is implied to be LGA, with other endpoints being gestational hypertension, pre-eclampsia, macrosomia. SGA was not pre-specified but
also reported.

Pregnancy outcomes

Reported for 4,789 women screened 1996 to 2008
Outcome Normal glucose 2 h IGT (N=108) 1 h IGT (N=66)

tolerance (N=4,512)

Gestational age at birth, week, mean

(SD) 38.7 (1.9) 38.5(2.1) 38.6 (1.6) NR
Pre-term birth NR NR NR NR
Pregnancy complications, %

Pre-eclampsia 1.8 0.9 0 NR
Gestational hypertension 1.9 2.8 4.6 NR

Neonatal outcomes according to maternal glycaemic status
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Adverse neonatal outcomes

Outcome, n (%)

Perinatal mortality

Normal glucose

tolerance (N=4,512)

h IGT (N=108)

h IGT (N=66)

Mode of birth

Macrosomia 0.7 0 0

LGA 6.4 5.6 13.6 p<0.05 1h IGT vs normal
glucose

Birth injury

Neonatal hypoglycaemia

Admission to NICU

Long-term outcomes

RR or OR of outcomes in each glucose category relative to baseline category
LGA was more frequent in the 1 h IGT than normal glucose when adjusted for age, overweight, previous GDM, and a family history of diabetes (aOR
2.22; 95%CI 1.04 to 4.35, p=0.039). This was not significant in the 2 h IGT vs normal glucose group: aOR 0.75; 95% CI 0.33 to 1.72, p=0.508

Authors’
Conclusions

Gestational IGT, defined as isolated hyperglycaemia, shows a metabolically heterogeneous phenotype in relation to the timing of isolated hyperglycaemia
on the diagnostic OGTT

Abbreviations: aOR, adjusted odds ratio; BMI, body mass index; GDM, gestational diabetes; IGT, impaired glucose total; LGA, large-for-gestational age; NICU, neonatal intensive
care unit; NR, not reported; OGTT, oral glucose tolerance test; SD, standard deviation; SGA, small-for-gestational age.

Study Design

Design
Prospective cohort study

Objective

To evaluate the association between urinary phthalate metabolite concentrations on higher infant birth weight, stratifying by gradations of maternal
glucose levels.

Dates

to 2008

Country
us

Setting
Brigham and Women’s Hospital, Boston
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Table 64: Noor 2019
Study Reference Noor 2019 (LIFECODES)
Patient recruitment and eligibility

Recruitment: As part of the LIFECODES pregnancy cohort, women were recruited during their first prenatal visit (median 9.9 weeks gestation). Inclusion criteria: For
this analysis, a subset of the population, who had available data on urinary phthalate metabolite concentrations, as a part of a nested case-control study among women
who delivered between 2006 and 2008, with infants born 237 weeks of gestation, were included. Exclusion criteria: Women with a clinical diagnosis of GDM. Other: NR

Sample size
N screened/invited = NR
N eligible = 350 term births
N enrolled = NR
N excluded (with reason) = NR
N lost to follow-up = NR
ics N completed = NR

N excluded from analysis = 24 due to clinical diagnosis of GDM; 49 women with missing information on glucose levels N

included in analysis = 277

Maternal demographics

Characteristic

Glucose <120 mg/dL

Glucose 120 to <140 mg/dL

Glucose 2140 mg/dL without

(n=198) (n=47) GDM (n=32)
Mean maternal age, years (SD) 31.3 (5.6) 31.6 (5.4) 33.7 (6.7)
Pre-pregnant BMI, kg/m? NR NR NR
BMI, kg/m? 25.3 (5.3) 27.0(6.1) 27.2 (5.2)
Weight, kg NR NR NR
Non-Hispanic white 115 (58) 28 (60) 16 (50)
rence
Noor 2019 (LIFECODES)

Non-Hispanic black 38 (19) 7 (15) 3(9)

Non-Hispanic Asian 4 (2) 4 (8) 4 (13)

Hispanic 29 (15) 6 (13) 7(22)

Other 12 (6) 2(4) 2 (6)

Medical history, n (%) NR NR NR

Obstetric history, n (%) NR NR NR

Education level

<College 62 (32) 18 (39) 8 (27)

=College 133 (68) 29 (61) 22 (73)
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Maternal glycaemic characteristics
NR

Duration of follow-up

NR

Method of blood glucose measurement

Information on maternal glucose was collected from a non-fasting 50-g glucose load test in the second trimester as part of standard clinical screening for
GDM undertaken by all study participants.

Diagnostic criteria and test(s)

Two step screening approach was taken for GDM diagnosis, with all women sitting for the 50.g, non-fasting GLT as the first step. Those women with

glucose levels from the GLT 2140 mg/dL were referred for further testing with a fasting 100-g 3 h OGTT. GDM was clinically diagnosed when a woman
had two abnormal values from the 3 h OGTT following the elevated glucose value from the GLT. The Carpenter-Coustan criteria were utilised at the study
institution.

Threshold cut-offs
>95 mg/dL (fasting); > 180 mg /dL (1h); >155 mg/dL (2h); > 140 mg/dL (3h)

In the analysis, maternal glucose was assessed as a categorial variable. Based on the GLT, glucose levels were classified as <120 mg/dL, 120— <140
mg/dL, and 2140mg/dL to account for graduations of maternal glucose intolerance

Outcomes
LGA
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Study Reference

Pregnancy outcomes

NR
Neonatal outcomes according to maternal glycaemic status

QOutcome, n (%) Glucose <120 mg/dL (n=198) Glucose 120 to <140 mg/dL Glucose >140 ma/dL without

Adverse neonatal (n=47) GDM (n=32)
outcomes

Perinatal mortality
Mode of birth
Macrosomia

LGA

Noor 2019 (LIFECODES)
No 185 (93) 42 (89) 25 (78)
Yes 13 (7) 5(11) 7 (22)
Birth injury

Neonatal hypoglycaemia
Admission to NICU
Long-term outcomes

Authors’ No conclusions related to the association between glucose levels and LGA are presented
Conclusions

Abbreviations: BMI, body mass index; GLT, glucose level test; GDM, gestational diabetes; LGA, large-for-gestational age; NICU, neonatal intensive care unit; NR, not reported,;
OGTT, oral glucose tolerance test; US, United States.

Table 65. HAPO - Belfast (Thaware 2015) Study Reference HAPO - Belfast (Thaware 2015)

Population Patient recruitment and eligibility

Characteristics
Recruitment: The HAPO study was a multicentre observational study that was designed to examine the associations between hyperglycaemia during
pregnancy (short of diabetes) and adverse pregnancy outcomes. The Belfast HAPO Follow-Up Study is an ancillary study that is following up the offspring
at the Belfast centre and represents a relatively unique cohort of carefully characterised subjects drawn from a homogenous population. Women
participating in the Belfast centre of the HAPO study along with their offspring were invited for further follow-up examinations.
Inclusion criteria: Offspring at age 5-7 years of women who had remained blinded to their HAPO study pregnancy OGTT results were included.
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Study Referencel

Study Design Design
Cohort observational study
Objective

To examine the association of hyperglycaemia during pregnancy and anthropometry in 5 to 7 year old offspring whose mothers participated in the
Hyperglycaemia and Adverse Pregnancy Outcome (HAPO) Study at the Belfast Centre

Dates
NR

Country
Northern Ireland, UK

Setting

Exclusion criteria: NR Other: NR

Sample size

N screened/invited = 1,677 N
eligible = NR

HAPO - Belfast (Thaware 2015) N
enrolled = NR

N excluded (with reason) = NR

N lost to follow-up = NR

N completed = NR

N excluded from analysis = NR N included in
analysis = 1,320

Characteristic Follow-up Status

Yes (N=1,320) No (N=284)

Mean maternal age, years (SD) 30.04 (5.4) 28.3 (5.7) <0.001
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Maternal demographics
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Study Reference

Cardiometabolic health

Mean BMI at OGTT, kg/m? (SD)

28.1 (4.4)

29.0 (5.5)

0.02

BMi category at OGTT, kg/m?, n (%)

<28.5

809 (61.3)

154 (54.4)

28510 32.9

345 (26.2)

74 (26.2)

233

165 (12.5)

55 (19.4)

0.007

Weight, kg

Ethnicity, n (%)

Medical history/risk factors, n (%)

Hypertension

Diabetes

Smoking during pregnancy

280 (21.2)

105 (37.1)

<0.001

Alcohol use during pregnancy

359 (27.2)

71 (25.1)

0.47

Obstetric history, n (%)

Primiparous

658 (49.8)

132 (46.6)

0.33

Parous without GDM

Parous with GDM

Mean education, years (SD)

15.0 (2.8)

141 (2.6)

<0.001

Maternal glycaemic characteristics

Pregnancy glucose tolerance

Follow-up Status

p-value
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rence
Yes (N=1,320) No (N=284)

FPG, mmol/L 4.6 (0.3) 4.6 (0.3) 0.39
75 g OGCT, mmol/L

1 hour 7.4 (1.6) 7.4 (1.6) 0.42
2 hours 6.0 (1.1) 6.1(1.2) 0.58
AUC PG 12.8 (2.0) 12.7 (2.1) 0.68
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Study Reference HAPO - Belfast (Thaware 2015)

Methods

Adverse neonatal

Duration of follow-up
NR

Method of blood glucose measurement

Participating women underwent a 75 g oral glucose tolerance
Diagnostic criteria and test(s)

* FPG

« 759gO0GTT

Outcomes
Primary endpoint
The relation between offspring adiposity at 5—7 years of age and maternal glycaemia was examined using continuous variables via regression analysis

Pregnancy outcomes outcomes NR

Neonatal outcomes according to maternal glycaemic status
Follow-up (N=1,320)

Offspring outcomes ‘

Mean BMI at follow-up, kg/m? (SD) 16.4 (1.9)
Mean BMI z score at follow-up (SD) 0.43 (1.01)
BMI z score category, n (%)
285t percentile 318 (24.1)
295'™" percentile 143 (10.9)
299" percentile 62 (4.7)
Sum of skinfolds at follow-up, mm, geometric mean (range) 23.5(18.6 t0 28.2)

Outcome, OR (95% CI) Sum of skinfolds 290t

percentile (n=1,310)

BMI z score

285" percentile
(n=1,316)

295" percentile
(n=1,316)

299" percentile
(n=1,316)

FPG

Unadjusted

2.01 (1.37 to 2.96)*

2.37 (1.41 to 3.98)**

4.32 (2.07 to 9.04)*

2.48 (1.44 t0 4.26)**

Adjusted model?

1.16 (0.76 to 1.76)

1.34 (0.76 to 2.35)

2.32 (1.05 t0 5.13)

1.61 (0.90 to 2.89)

1-h PG unadjusted

1.06 (0.98 to 1.15)

1.01 (0.91 to 1.13)

1.06 (0.90 to 1.24)

1.02 (0.91 to 1.14)

2-h PG unadjusted

1.10 (0.99 to 1.23)

0.99 (0.85 to 1.15)

0.94 (0.75 to 1.18)

0.99 (0.84 to 1.16)
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AUC PG unadjusted 1.06 (1.00 to 1.13) 1.02 (0.93to0 1.11) 1.04 (0.92 t0 1.18) 1.02 (0.93t0 1.12)
GDM

Unadjusted 1.62 (1.17 to 2.25) 1.56 (1.01 to 2.41) 1.37 (0.72 to 2.63) 1.30 (0.81 to 2.09)
Adjusted model? 1.18 (0.84 t0 1.67)

2 Adjusted for maternal OGTT BMI and offspring birth weight z score
* P<0.001; **P<0.01

Study Reference

HAPO — Belfast (Thaware 2015)

Authors’
Conclusions

Abbreviations: BMI, body mass index; FPG, fasting plasma glucose; GDM, gestational diabetes; HAPO, Hyperglycaemia and Adverse Pregnancy Outcome; NR, not reported,;
OGTT, oral glucose tolerance test; OR, odds ratio; PG, plasma glucose; SD, standard deviation; UK, United Kingdom.

Table 66. Verd 2016

Study Reference

Verd 2016

Study Design

Design

Prospective cohort

Objective

To evaluate the association between mild gestational glucose tolerance impairment and the early cessation of exclusive breastfeeding.
Dates

January 2007 to December 2012

Country

Spain

Setting

Majorca

Patient recruitment and eligibility

Recruitment: A population-based sample of mother-infant dyads attending a general care paediatric clinic in a middle class neighbourhood were
enrolled. All mothers who attempted breastfeeding were invited to participate in “a study on infant feeding” upon their first well-child visit

Inclusion criteria: Prenatal inclusion criteria were: (1) the routinely administered 24- to 28-week gestation 1 h OGTT, and (2) mothers had to be free of
GDM. Post-birth inclusion criteria were (3) delivery at term (37 weeks of gestation), and (4) the mother initiated breastfeeding as planned.

Exclusion criteria: NR Other:
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Sample size
N screened/invited = NR

N eligible = NR

N enrolled = NR

N excluded (with reason) = NR
N lost to follow-up = NR

N completed = NR

N excluded from analysis = NR
N included in analysis =768

Studyv Reference Verd 2016

Maternal demographics

Characteristic

NCT: 1 h plasma glucose <7.8

mmol/L (N=616)

MIGT: 10.6 mmol/L >1 h OGTT
> 7.8 mmol/L (N=152)

Age, years, mean (range) 33 (20 to 45) 33 (2510 42) 0.064
Cardiometabolic health

Pre-pregnant BMI, kg/m? NR NR NR
BMI, kg/m2 NR NR NR
Gestational weight gain 12 (1 to 39) 12 (4 to 27) 0.84
Ethnicity, n (%) NR NR NR
Medical history/risk factors, n (%) NR NR NR
Obstetric history, % NR NR NR
Parity

1 64 65 1.0
>1 36 35 1.0
Education level NR NR NR
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NR

Maternal glycaemic characteristics

Methods

Duration of follow-up
NR

Method of blood glucose measurement

According to the recommendations of the American College of Obstetrics and Gynecology (ACOG), standard practice in the study’s setting involves
universal screening for GDM in all pregnant women at 24—28 weeks’ gestation by a non-fasting 1 h 50 g glucose challenge test. Patients testing positive
forthe 1 h OGTT (1 h plasma glucose 7.8 mmol/L) were asked to return for a 3 h 100 g oral glucose tolerance test (3 h OGTT) Diagnostic criteria and
test(s)

e 1hOGTTand 3h OGTT

< GDM, requires at least two of the following on the 3 h OGTT: fasting glucose 5.8 mmol/L, 1 h glucose 10.6 mmol/L, 2 h glucose 9.2 mmol/L, or 3 h
glucose 8.1 mmol/L

Threshold cut-offs
*  Normal glucose tolerance (NGT), defined by normal 1 h OGTT results (1 h plasma glucose < 7.8 mmol/L)
*  Mild impairment of glucose tolerance (MIGT), defined by a single abnormal value greater than or equal to 7.8 mmol/L, but less than 10.6 mmol/L;
< GDM, requires at least two of the following on the 3 h OGTT: fasting glucose 5.8 mmol/L, 1 h glucose 10.6 mmol/L, 2 h glucose 9.2 mmol/L, or 3 h
glucose 8.1 mmol/L
Qutcomes
Delivery type

Adverse neonatal
outcomes

Pregnancy outcomes
NR

Study Reference

Verd 2016

Neonatal outcomes according to maternal glycaemic status

Qutcome, n (%) NGT: 1-hr plasma MIGT: 10.6 mmol/L
glucose <7.8 mmol/L >1hr OGTT 27.8

(N=616) mmol/L (N=152)

Perinatal mortality NR NR NR
Mode of birth
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Induction of labour NR NR NR

Vaginal delivery (eutocic) 82% 18%

Instrumental delivery 80% 20% 0.67
C-section 79% 21%

Macrosomia NR NR NR

LGA NR NR NR

Birth injury NR NR NR

Birth weight, median g (range) 3272 (1995 to 4800) 3395 (2050 to 4390) 0.018
Neonatal hypoglycaemia NR NR NR

Admission to NICU NR NR NR

Long-term outcomes NR NR NR

Authors’ NA (not relevant to review objectives)
Conclusions

Abbreviations: ACOG, American College of Obstetrics and Gynecology; BMI, body mass index; GDM, gestational diabetes; LGA, large-for-gestational age; MIGT, midimpaired
glucose tolerance; NA, not available; NICU, neonatal intensive care unit; NGT, normal glucose tolerance; NR, not reported; OGTT, oral glucose tolerance test.

Question 2: What are the most effective screening tests or strategies to identify women at risk of hyperglycaemia in
pregnancy or GDM?

Table 67: Farrar 2016 (1678) Chapter 5.1 and Farrar 2017 (1675)
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Study Reference
Study Reference

Farrar 2016 (1678) Chapter 5.1 and Farrar 2017 (1675)

Study Design

Design

Pooled analysis of individual participant data cohorts

Objective

To investigate whether multiple risk factor screening strategies represent a useful approach to screening for GDM.
Dates

September 2013

Country

UK (BiB Cohort) and Ireland (ATLANTIC-DIP Cohort)

Setting
Bradford Royal Infirmary (BiB Cohort) and participating hospitals in the south-west of Ireland (ATLANTIC-DIP Cohort)

Patient recruitment and eligibility

Recruitment:

BiB Cohort: All women planning to give birth at the Bradford Royal Infirmary were offered a 75 g OGTT (irrespective of risk factors) ATLANTICDIP:
All women at participating hospitals were offered a 75 g OGTT (irrespective of risk factors)

Inclusion criteria:

NR

Exclusion criteria: NR

Population

Characteristics

Other:

Uptake of 75 g OGTT offer varied between the two cohorts between 63% (BiB Cohort) and 58% (ATLANTIC-DIP Cohort). Sample

size

N screened/invited = NR

N eligible = NR

N enrolled = NR

N excluded (with reason) = NR

N lost to follow-up = NR

N completed = 16,537 (10,432 from BiB Cohort and 6105 from ATLANTIC-DIP Cohort)

N excluded from analysis = NR

N included in analysis = 14,103 women (9939 from BiB Cohort and 4164 from ATLANTIC-DIP Cohort) with complete data on all risk factors
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Page
Farrar 2016 (1678) Chapter 5.1 and Farrar 2017 (1675)

Methods

Maternal risk factors
The following characteristics were examined due to their association with a greater risk of GDM development:

* age, examined yearly from 20 to 40 years
obesity, measured by BMI at every 1.0 kg/m? unit increase from 15.0 to 40.0 kg/m?
parity, coded as primiparous (first pregnancy) or multiparous (second or subsequent pregnancy)
ethnicity, coded as white, SA or other
family history of diabetes
GDM in previous pregnancy
* macrosomic baby (= 4 kg) in previous pregnancy
For age and BMI combined, results were presented for age 225 years and 230 years and BMI of 225 kg/m? and 230 kg/m?.

The majority of women were either of white European (BiB Cohort and ATLANTIC-DIP Cohort) or SA ethnicity (BiB Cohort).
Reference standard

GDM diagnosed according to modified WHO 1999 criteria (fasting glucose level of 26.1 mmol/l, 2-hour post-load glucose level of 27.8 mmol/l).
Gestational period test administered not specified.

Measures of test accuracy
For each risk factor the following were calculated with their SEs and 95% Cls:

»  Sensitivity: The proportion of women with GDM who had the risk factor (i.e. proportion of GDM cases correctly identified by the test)

»  Specificity: The proportion of women without GDM who did not have the risk factor

* Positive rate: The proportion of women with the risk factor (i.e. proportion who would be offered an OGTT)
To investigate the screening potential of offering an OGTT to any woman who has at least one from a set of risk factors, risk factors listed above were
considered, with age 225 years or 230 years, and BMI 225 kg/m? or 230 kg/m?. For each of the 287 possible combinations of these risk factors it was
calculated whether or not each woman had at least one of the risk factors, and the sensitivity, specificity and positive rate associated with having one
or more risk factors were estimated.

Risk factors that were ‘dominated’ by others were removed from this set of 287 possible combinations. A screening test is dominated if there is at least
one other ‘test’ with both higher sensitivity and specificity, which would be preferred to the dominated test. Sensitivity and positive rate for the
remaining non-dominated tests were plotted in ROC space.

Screening based on a predicted risk of GDM was examined, similar to screening strategies used to identify those at risk of cardiovascular disease. A
logistic regression model was fitted to the data from both cohorts, regressing GDM incidence against the risk factors. The resulting log ORs from this
regression model were used to calculate a predicted risk of GDM for each woman in the data set. The sensitivity and positive rate for predicting GDM
at each percentage point of risk from 1% to 80% was calculated and plotted in ROC space. The same analyses were conducted on the separate and
pooled data sets for comparison.

GDM prevalence

Test Accuracy ATLANTIC-DIP prevalence of GDM (%): 10.2 Outcomes BiB prevalence of GDM (%): 8.1
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Study Reference
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Risk factors for GDM screening

318



UK NSC external review — Screening for Gestational Diabetes

Study Reference

Page

Farrar 2016 (1678) Chapter 5.1 and Farrar 2017 (1675)

Risk factor Sensitivity (%) Specificity (%) Positive rate (%)
BiB Cohort
Age 225 years, BMI 230 kg/m? 904 28.7 e
Age 225 years, BMI 230 kg/m?, prior GDM 90.4 28.6 72.8
Age 225 years, BMI 230 kg/m?, diabetes 91.6 23.2 7.7
Age 225 years, BMI 230 kg/m?, diabetes, prior GDM 91.6 231 7T
Age 230 years, BMI 230 kg/m?, non-white 94.3 21.3 79.8
Age 230 years, BMI 230 kg/m?, non-white, prior GDM 94.3 21.3 79.9
Age 225 years, BMI 225 kg/m?, diabetes 94.4 16.9 83.8
Age 225 years, BMI 225 kg/m?, diabetes, prior GDM 90.4 28.7 72.7
ATLANTIC-DIP cohort
BMI 225 kg/m?, non-white 90.1 36.8 66
Age 230 years, BMI 230 kg/m? 90.8 28.6 73.4
| Age 230 years, BMI 230 kg/m?, non-white 93.9 26 76

Cohorts combined
Age 230 years, BMI 230 kg/m?, diabetes 90.0 24.6 76.4
Age 230 years, BMI 225 kg/m?, diabetes, prior GDM 90.3 24.6 76.5
BMI 225 kg/m?, non-white 92.0 24.0 773
BMI 225 kg/m?, non-white, prior GDM 92.1 24.0 77.3
Age 225 years, BMI 230 kg/m? 93.2 23.3 78.0
Age 225 years, BMI 230 kg/m?, prior GDM 93.2 23.3 78.1
Age 230 years, BMI 230 kg/m?, non-white 94.1 22.7 78.7

" Age 230 years, BMI 230 kg/m? 94.1 227 8.7

Age 225 years, BMI 225 kg/m , hon-white, prior
GDM
2 95.9 16.5 84.5

Age 225 years, BMI 225 kg/m?, prior GDM 95.9 16.5 84.5
NICE guideline recommended risk factors 78.2 31.7 67.2

Screening performance of one or more risk factor for identifying GDM was also presented graphically in the publication.
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Risk association models

Risk factor BiB Cohort ATLANTIC-DIP Cohort

320



UK NSC external review —

Study Reference
Study Reference

OR 95% Cl OR 95% Cl

Age (per year) 1.09 1.08-1.1 1.1 1.07-1.12
BMI (per kg/m?) 1.06 1.05-1.08 1.13 1.11-1.15
Ethnicity (non-white) 2.32 1.90-2.83 5.16 3.85-6.91
Multiparity 0.89 0.73-1.08 0.74 0.58-0.96
Family history of diabetes 1.36 1.14-1.63 1.42 1.17-1.80
Previous GDM 1.54 1.12-2.13 - -

Previous macrosomia 5.9 3.78-9.22 — -

Additional results presented graphically include sensitivity and positive rate when using a risk prediction model to predict GDM and screening performance
using risk prediction compared with having one positive risk factor or using age alone.

No single method of risk factor screening is better overall. Risk factor screening based on having one or more risk factors and methods based on risk
prediction or scoring performed similarly, suggesting that if risk factor screening is to be used, the simpler approach of offering an OGTT if at least one
risk factor is present may be preferable.

The potential benefits of offering universal testing must be weighed against any adverse effects and costs. Taken in this context the most efficient
method of identifying women with GDM is likely to differ between populations. For high-risk populations in which the majority of women have a risk
factor, especially a BMI of >30 kg/m? or advanced maternal age 225 years, universal testing may be most beneficial. For a young population of women
with few risk factors, selective testing may be best; the use of risk factors in this population could be used to identify those at low risk who do not need
testing and those remaining would be therefore offered an OGTT.

Authors’
Conclusions

Abbreviations: BiB: Born in Bradford; BMI: body mass index; Cl: confidence interval; GDM, gestational diabetes mellitus; NICE: National Institute for Health and Care
Excellence; NR, not reported; OGTT, oral glucose tolerance test; SE: standard error; SLR: systematic literature review; WHO: World Health Organization

Table 68: Farrar 2016 (1678) Chapter 5.2 and Farrar 2017 (1675)

Screening for Gestational Diabetes
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Farrar 2016 (1678) Chapter 5.1 and Farrar 2017 (1675)
Study Reference Farrar 2016 (1678) Chapter 5.2 and Farrar 2017 (1675)

Design

Systematic literature review

Objective

To investigate whether multiple risk factor screening strategies represent a useful approach to screening for GDM.
Search dates

6" June 2014, updated in August 2016

Study Design Country
Various
Setting
NA
Study eligibility
Inclusion (PICOS)
Population Population Pregnant women without pre-existing diabetes
Characteristics Intervention Index test
Any screening test that measured the association or predictive value of the following risk factors:
*+ age
+  obesity and/or BMI
« ethnicity (where applicable to the UK) « parity
Characteristic Details
Design Observational studies (prospective and retrospective cohort studies)
Sample sizes Not summarised
Setting and timing Not summarised
Participants Not summarised
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Study Reference

Study Reference Farrar 2016 (1678) Chapter 5.2 and Farrar 2017 (1675)

*  previous GDM, macrosomia or other GDM-related morbidity
«  family history of diabetes

Only risk factors that were likely to be recorded in medical records without the need for further measurement were
considered.

Diagnostic test
A diagnostic test (usually 75 g or 100 g OGTT) to diagnose GDM by recognised diagnostic criteria, or with criteria
reported in the paper.

Comparator

Outcomes

Numbers of women with and without GDM, according to the results of the diagnostic test.

Studies had to report one of the following: the number of women with each risk factor, the sensitivity and specificity
(screening performance) of the risk factor to identify GDM, data from which those statistics could be calculated or the
accuracy of combinations of risk factors such as, numbers of risk factors present, risk models or scores based or
measuring multiple risk factors, or the use of guideline recommendations.

Study design

Published, unpublished and ongoing observational studies, cohort studies, case—control studies or cross-sectional
studies in English.

Exclusion

«  Studies only reporting on the following risk factors: OGCT, FPG, vitamin D and genetic factors or studies that focused solely on biochemical tests
such as the 50 g OGCT

+  Studies reporting only ethnicity outside the UK

+  Studies not reporting on at least one of the risk factors listed above

* Studies reporting associations between risk factors and GDM incidence, but not considering multiple risk factor screening «
examining the effect of screening based on a single risk factor Flow of Studies (PRISMA)

+ Database results: 5867 (Jun 2014), 7858 (Aug 2016)

* Records after duplicates removed: 3140 (Jun 2014), 3586 (Aug 2016)

* Hand-searches/other sources: 13 (Jun 2014), 13 (Aug 2016)

+  Title/abstracts reviewed: 3153 (Jun 2014), 4285 (Aug 2016)

*  Full-texts reviewed: 181 (Jun 2014), 225 (Aug 2016)

* Atrticles included in synthesis: 29* (Jun 2014), 29 (Aug 2016)

*Of these, only 24 studies had sufficient data to allow inclusion in the analyses.

Included study characteristics

Studies
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Study Reference
Farrar 2016 (1678) Chapter 5.2 and Farrar 2017 (1675)

Diagnostic criteria for Variety of criteria used, including IADPSG, Carpenter and Coustan, NDDG, WHO, ADA or local guidelines
GDM

Interventions and Studies analysed: 24 studies* (Jun 2014), 29 studies (Aug 2016)

comparisons » the screening performance of existing guideline recommendations (NICE, ADA, ACOG, ADIPS, Irish,

French): 6 studies (Jun 2014), 6 studies (Aug 2016)
« the number of risk factors for each woman: 7 studies (Jun 2014), 8 studies (Aug 2016)
« arisk prediction model or a risk score: 6 studies (Jun 2014), 6 studies (Aug 2016)
« various risk factors: 5 studies (Jun 2014), 9 studies (Aug 2016)

*5 studies identified in the original SLR (Jun 2014) considered multiple risk factor screening, but reported
insufficient data to allow inclusion in the analyses

Outcomes Screening performance: sensitivity and specificity; calculated
Funding NR
Conflicts of interest NR

Definition of GDM
As defined in the individual trial using OGTT
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BEDIP-N (Benhalima 2018b)
Linked studies: Benhalima 2014; Benhalima 2018a (ID 554); Benhalima 2019

Methods

Searches Sources searched

+  MEDLINE and MEDLINE In-Process & Other Non-Indexed Citations (via Ovid SP)

+ EMBASE (via Ovid SP)

*  Maternity and Infant Care database (via Ovid SP)

*+ CENTRAL (via The Cochrane Library/Wiley Interscience)

* Reference searches of included journal articles and related systematic reviews
Screening and selection process

Title and abstract screening and then full-text screening performed in duplicate by two reviewers, with disagreements resolved by consensus or by a third
reviewer.

Quality assessment

No formal quality assessment process was planned or undertaken because of the lack of any validated quality assessment tool for screening studies,
and the diversity of type of study included. Synthesis methods

The following screening performance statistics were calculated from the data presented for each study:

»  sensitivity (proportion of GDM cases correctly identified as high risk by screening)

»  specificity (proportion of women without GDM correctly identified as low risk)

»  positive rate (proportion of women who would be offered an OGTT if the risk factor combinations were present)
Statistics were plotted across studies in ROC space by plotting detection rate against positive rate. The general performance of risk factor screening
was then summarised, and the conclusions of each study considered.

Study Reference

Farrar 2016 (1678) Chapter 5.2 and Farrar 2017 (1675)

Meta-analysis methods for pooling of screening studies (such as the hierarchical summary receiver operator curves model) were considered, but not performed because of the

considerable diversity across studies in terms of screening strategies and included risk factors.

Test Accuracy
Outcomes

Estimates of sensitivity and positive rate are presented graphically for each included study and synthesis findings are summarised in narrative.
Overall, identifying greater numbers of women with GDM required offering an OGTT to increasing numbers. Findings were consistent across both the
original SLR and the update. However, there did not seem to be an obvious 'best' approach.

Across all studies, 3 screening methods based on counting the number of risk factors demonstrated the highest sensitivity against the lowest percentage
of women offered OGTT. To achieve a sensitivity of 90%, an estimated 45% of women would need to be offered OGTT.

Across studies reporting on the performance of current screening guidelines, none demonstrated a clearly superior sensitivity and positive rate. However,
data reported by Coustan demonstrated a substantially inferior sensitivity for the French guidelines. To achieve a sensitivity of 90%, an estimated 60 to
80% of women would need to be offered OGTT. The screening performance of guideline recommendations was moderate at best, with

the exception of the ACOG guideline when applied to an Irish or Spanish population and the ADA guideline when applied to an Irish population.
Results across studies evaluating risk prediction models or risk scores were reasonably consistent, with all points lying approximately on a common ROC

curve, suggesting that no specific risk scoring method is superior to another. Increasing sensitivity reduced specificity, for example to identify 80% of
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women with GDM (sensitivity of 80%) using a risk prediction model or risk score, between 30% and 58% of women would need to undergo an OGTT
(depending which risk model is used); to achieve a sensitivity of over 90%, nearly all women would need to undergo an OGTT.

Study Reference
The conclusions of the study authors were varied, with 11 favouring universal diagnostic testing and 10 supporting some form of maternal
characteristic/risk factor screening (universal screening and selective testing). Eight of the study authors made no firm recommendations. Of those that
investigated current screening guideline recommendations (eight studies), seven did not recommend risk factor screening, three favoured universal
diagnostic testing and four were undecided.

All included studies were observational, consisting of a mix of prospective and retrospective cohort studies. All studies used an OGTT to diagnose GDM,
and all specified the diagnostic criteria used. Criteria varied between studies, therefore, there are differences in the thresholds used to define GDM. All
Quality of the risk factors examined are simple observable maternal characteristics/risk factors; the assessment of whether or not a risk factor is present,
Assessment therefore, is unlikely to be subject to substantial measurement or reporting error or bias. Studies were diverse in their included populations. This
heterogeneity limits the ability to draw conclusions across studies and generalise findings.

Pre-diagnostic risk factor screening is a poor method for identifying women with GDM and no single method of risk factor screening is better overall.
Authors’ Risk factor screening based on having one or more risk factors and methods based on risk prediction or scoring performed similarly, suggesting that if
Conclusions risk factor screening is to be used, the simpler approach of offering an OGTT if at least one risk factor is present may be preferable.

Abbreviations: ACOG: American College of Obstetricians and Gynecologists; ADA: American Diabetic Association; ADIPS: Australasian Diabetes in Pregnancy Society; BMI:
body mass index; FPG, fasting plasma glucose; GCT, glucose challenge test; GDM, gestational diabetes mellitus; IADPSG: International Association of the Diabetes and
Pregnancy Study Groups; LR+, positive likelihood ratio; LR—, negative likelihood ratio; NA: not applicable; NDDG: National Diabetes Data Group; NGT, normal glucose
tolerance; NICE: National Institute for Health and Care Excellence; NR: not reported; OGTT: oral glucose tolerance test; ROC: receiver operator curve; SLR: systematic literature
review; WHO, World Health Organization

Page 326



UK NSC external review — Screening for Gestational Diabetes

BEDIP-N (Benhalima 2018b)
Linked studies: Benhalima 2014; Benhalima 2018a (ID 554); Benhalima 2019

Table 69: BEDIP-N, Benhalima 2018b

Design
Prospective cohort

Objective

To evaluate the use of a GCT as a universal screening tool in a 2-step approach with the use of the 75 g 2-hour OGTT with the IADPSG criteria only if
the GCT is abnormal

To evaluate the characteristics of women with GDM who would be missed using a GCT threshold of 27.2 mmol/L, and to determine whether a modified
two-step screening strategy with a GCT 27.2 mmol/L and clinical risk factors could improve the diagnostic strategy while exposing as few women as
possible to the burden of an OGTT

Also aimed to evaluate the tolerance of the tests and which screening strategy women preferred
Study 