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Abstract New proposals for the diagnosis of gestational
diabetes (GDM), promulgated by the International Associa-
tion of Diabetes and Pregnancy Study Groups (IADPSG),
will substantially increase the number of women diagnosed
with GDM. This will have an enormous impact on health-
care resources, diverting attention away from genuinely
high risk diabetic pregnancies. Randomized trials in ‘mild’
GDM indicate that the main effects of treatment are a 2 %–
3 % reduction in birth weight, fewer ‘big babies’, and less
shoulder dystocia. However, these studies used different
diagnostic criteria, and women diagnosed by the broader
IADPSG criteria may not derive the same modest benefit.
Modeling indicates a very high cost per QALY, unless later
development of type 2 diabetes can be prevented. Far from
producing consensus, the IADPSG suggestion has thrown
sharply into focus the need to assess critically the risks,
costs and benefits of adopting criteria that may pathologize
a large number of otherwise normal pregnancies.

Keywords Gestational diabetes . Diagnostic criteria . Risks
and benefits . Clinical trials . HAPO

Introduction

Since its first description, nearly 50 years ago, gestational
diabetes (GDM) has been surrounded in controversy over its
significance, how it should be diagnosed, and if it should be
treated. The Hyperglycemia and Pregnancy Outcomes
(HAPO) study examined the relationship between maternal
glycemia and various pregnancy outcomes, aiming to pro-
vide some definitive answers to the first 2 of these questions
[1•]. Two recent large randomized controlled trials of treat-
ment of GDM have attempted to provide answers to the
last [2•, 3•]. One might then imagine that controversy has
now subsided and consensus reached. We will argue that
this is far from the case, and that the recent research has not
resolved many of the basic questions and contradictions
raised 2 decades ago by Jarrett [4] and Ales and Santini [5].

In 2010, the IADPSG proposed universal screening and
new diagnostic criteria that would result in nearly 1 in 5
pregnancies being classified as GDM [6•]. Although this
proposal has been endorsed by the American Diabetes As-
sociation (ADA) [7•], we and others have expressed our
concerns that these recommendations are not evidence-
based and may cause more harm than good [8–11]. This
paper provides a counterpoint to what we believe is an
unjustified change of practice.

Gestational Diabetes: the Definition

GDM is currently defined as ‘any degree of glucose intol-
erance with onset or first recognition during pregnancy’.
Excluding those with previously undiagnosed diabetes or
very high blood glucose, GDM is not ‘a disease’ but a
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laboratory finding that reflects some disturbance in glucose
metabolism. It should then be considered as a risk factor, but
a risk factor for what?

The first diagnostic criteria proposed by O’Sullivan in
1964 were not based on pregnancy outcomes but on the
maternal risk of developing type 2 diabetes. The many
different criteria now in use are either derived from these
studies or are the same as those used in non-pregnant indi-
viduals. The ensuing confusion has hampered research and
evidence-based clinical care, so consensus would surely be
welcome. The new recommendations from the IADPSG
attempt to redefine GDM in terms of adverse pregnancy
outcomes. While the aim seems sound, crucial steps must
be taken before such a change can be implemented. Let us
first review the evidence on which the IADPSG based their
decision.

The HAPO Study

The HAPO study [1•] was an observational study designed
to determine the impact of varying degrees of maternal
glycemia less severe than overt diabetes on a number of
pregnancy outcomes. The strengths of the study include its
very large size (nearly 25,000 pregnant women took part)
and its international scope (15 centers from 9 countries). All
women with a fasting blood glucose ≤5.8 mmol/L and 2 h
values up to 11.1 mmol/L on a 75 g oral glucose tolerance
test (OGTT) performed at 24–32 weeks’ gestation (mean
28 weeks) were included. Clinicians were blinded as to the
result of the OGTT.

Investigators were hoping to find an inflection point
beyond which maternal and fetal risks clearly increased, in
the same manner that type 2 diabetes was defined as a
particular glycemic threshold above which the risk of reti-
nopathy increases sharply. Instead, they found a continuous,
independent relationship between untreated maternal blood
glucose (both fasting, 1 h and 2 h post glucose load) and the
4 components of their primary endpoints (namely birth
weight and cord-blood serum C-peptide level >90th percen-
tile for gestational age, primary cesarean section, and neo-
natal hypoglycemia). The cord blood C-peptide level
showed the strongest association with maternal blood glu-
cose. Even though neonatal anthropometrics suggest it is
related to neonatal adiposity [12], C-peptide is only a sur-
rogate measure without proven long-term clinical signifi-
cance. The association between maternal blood glucose and
neonatal hypoglycemia almost disappeared when maternal
characteristics such as body mass index (BMI), were taken
into account. As for the need for primary cesarean section,
its relationship with blood sugar was weak, and also signif-
icantly confounded by maternal obesity. Further analysis of
HAPO data suggests that birth weight, cesarean section rate,

and pre-eclampsia were more strongly associated with ma-
ternal BMI than with the degree of maternal glycemia [13],
although there was an interaction effect [14].

Importantly, the HAPO study showed no association
between perinatal mortality and higher blood glucose levels
within this range. A number of other neonatal morbidities
defined as secondary endpoints (shoulder dystocia, prema-
ture delivery, hyperbilirubinemia, and pre-eclampsia) also
demonstrated linear, but weak, associations with higher
blood glucose (the strongest being with pre-eclampsia) but
such complications were infrequent. Admissions to neonatal
special care facilities were also related to blood glucose
levels, but there was a striking ten-fold between-center
variation, suggesting that local practice largely determined
this particular outcome. Previous GDM, previous macro-
somia and maternal gestational weight gain were not
reported in the HAPO study

Overall, the only conclusion that the authors of HAPO
published in their original New England Journal of Medicine
abstract was that there were ‘strong, continuous associations
of maternal glucose levels below those diagnostic of diabetes
with increased birth weight and increased cord-blood serum
C-peptide levels’. These outcomes are not hard clinical events,
but risk factors for perinatal adverse outcomes. Because of the
observational nature of the HAPO study, it cannot be assumed
that treatment can reverse these outcomes.

The Intervention Trials

Two high profile randomized controlled trials (RCTs) of
detection and treatment of GDM have been published in
recent years: the Australian Carbohydrate Intolerance Study
in Pregnant Women (ACHOIS) and the Maternal Fetal
Medicines Unit Network (MFMU) study [2•, 3•]. It is im-
portant to understand what these studies actually showed
and how GDM was diagnosed and treated (details are given
in the Table 1). Unlike HAPO, both studies excluded wom-
en with prior GDM. Both studies used a 2-step diagnostic
procedure but with different diagnostic criteria. The MFMU
study excluded women with fasting blood glucose (FBG)
values >5.3 mmol/l so the participants were less hypergly-
cemic than those of the ACHOIS cohort. Accordingly, fewer
women in the active treatment group were treated with
insulin in the MFMU than in the ACHOIS trials (8 % vs
20 %).

Both studies used composite endpoints as their primary
outcome measure (a number of different events were
counted together because too great a sample size would be
required to demonstrate an effect on individual compo-
nents). In the MFMU trial [3•], there were no differences
between the groups in the composite primary outcome score
so the trial indeed produced a clear negative result.
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Significant results regarding secondary outcomes should
then be regarded as ‘exploratory,’ because the sample size
and power were calculated and the errors controlled for the
primary outcomes only (except for LGA infants). In the
ACHOIS study [2•], the composite primary outcome of
‘any serious perinatal complication’ was more frequent
(4 % vs 1 %) in the routine-care group. The significance
of this difference was critically dependent on the high num-
ber of perinatal deaths (5 deaths, or 1 %, vs 0 %) and
shoulder dystocia (16 vs 7 or 3.2 % vs 1.4 %, see Table 1)
in the routine-care group. However, some of the deaths
could not plausibly be attributed to the non-treatment of
GDM; for example, one infant had a lethal congenital
anomaly, another had severe intrauterine growth retardation.
The authors themselves acknowledged the lack of evidence
that perinatal mortality is increased in mild GDM; and
indeed there was no increase in perinatal mortality in
either the HAPO study or MFMU trial [1•, 3]. The
authors of the ACHOIS trial calculated a NNT (num-
ber-needed-to-treat) of 34 to prevent one ‘any serious
perinatal complication’ but a NNH (number-needed-to-
harm) of 11 for induction of labor or admission to
neonatal nursery [2•]. Although the difference was not
statistically significant, more neonates suffered hypogly-
cemia requiring treatment with intravenous glucose and/
or respiratory distress syndrome (RDS) in the ACHOIS inter-
vention group (62 vs 46). Neither study provided data dem-
onstrating that the incidence of the adverse outcome
composite was related to glycemic control; either at the time
of diagnosis of GDM, or attained on treatment.

In both trials, maternal weight gain was less (by about
2 kg) in the intervention groups, LGA and/or macrosomic
babies were reduced by half while mean birth weight was
significantly lower (by 140 g in the ACHOIS trial and 100 g
in the MFMU trial). About a third of this was estimated to
be due to lower fat mass [3•]. In the intervention groups, the
incidence both of shoulder dystocia and pregnancy-
associated hypertension was lower by about 33 %. The
cesarean section rate was unchanged in ACHOIS, but lower
in the MFMU intervention group (27 % vs 34 %).

A recent meta-analysis of the treatment RCTs (including,
and dominated by, the ACHOIS and MFMU trials) conclud-
ed that the only pregnancy outcomes affected by detection
and treatment GDM are a reduction in macrosomia (OR
0.38; 95 % CI 0.30–0.49), large-for-gestational age (LGA)
infants (OR 0.48; 95 % CI 0.38–0.62) and the incidence of
shoulder dystocia (OR 0.40; 95 % CI 0.21–0.75) [15•].

In summary, the intervention trials in GDM confirmed
that treatment makes babies 2 %–3 % lighter, leading to a
lower incidence of ‘big babies’ and shoulder dystocia. An
effect of treatment on pregnancy-associated hypertension
was also seen, but it is not known if this can be attributed
to lower glycemia or to less maternal weight gain.T
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The IADPSG Proposal

In 2010, the IADPSG, a group of experts that included
several of the HAPO investigators, advocated 2 significant
changes to the diagnostic strategy for GDM [6•]. The first is
that women with significant risk factors should be screened
for unrecognized type 2 diabetes in early pregnancy. Such
pregnancies are at increased risk of major congenital anoma-
lies and perinatal mortality [16, 17], so this is a sensible
recommendation.

More controversial is the recommendation that all wom-
en not previously diagnosed with diabetes should undergo
screening for GDM with a 75 g OGTT at 24–28 weeks.
GDM is to be diagnosed if any one of the 3 blood glucose
results reaches specified levels (fasting ≥5.1; 1 h ≥10.0; 2 h
≥8.5 mmol/l). By increasing the number of women tested,
lowering the diagnostic thresholds, and requiring only 1
abnormal result (instead of 2) for diagnosis, this proposal
would, in most countries, result in a 2- to 3-fold increase of
GDM prevalence. In a cohort such as that of the HAPO
study, 18 % of women would have been diagnosed with
GDM according to the IADPSG criteria.

The Diagnostic Test

An important principle of any screening program is that the
diagnostic test to be used should be robust, reproducible,
and define a high risk group with precision. Plasma glucose
levels after an OGTT vary considerably – with a CVof up to
20 %. This concern was one of the main motives in the
move away from using the OGTT to diagnose diabetes
outside pregnancy [18]. Pregnancy is no exception - as
illustrated in studies that have looked at the results of wom-
en having two 100 g OGTTs at short intervals (with 2
elevated glucose results out of 4 required to diagnose
GDM). Nearly a quarter of women changed diagnostic
category on the second test–with a similar number going
from abnormal to normal as the other way round [19, 20].
Reliance on a single blood glucose result in a 1-step screen-
ing test, especially using lower thresholds, will have even
poorer precision. An advantage of the widely used 2-
step test (non-fasting 50 g glucose challenge, followed,
if positive, by a fasting OGTT) is that women have to
‘fail’ 2 tests to be diagnosed with GDM, so one can be
more confident that indeed they have significant glucose
intolerance. The proposed 1-step test, while administra-
tively more convenient, loses this discriminating power.
Recent data from individual centers participating in the
HAPO study suggests that the IADPSG-recommended
test performs quite variably, and may identify different
populations. For example, only 25 % of cases in the
Thailand and Hong Kong centers were diagnosed on the

basis of an elevated fasting glucose level in contrast to
63 %–73 % of cases in North American centers [21].

The Diagnostic Threshold

The new diagnostic glucose thresholds suggested by the
IADPSG correspond to the fifth of the seven glucose cate-
gories defined in the HAPO study [1•]. These values were
arbitrarily chosen and represent the average OGTT glu-
cose values at which odds ratios (OR) for big and
hyperinsulinemic babies in HAPO were ≥1.75 vs cohort
mean glucose values. Of note, this OR of 1.75 only
applies to 3 surrogate outcomes, namely >90th percen-
tile for birth weight, cord C-peptide, and percent body
fat. ORs for meaningful clinical events were more mod-
est, ranging from 0.99 to 1.57. Practically, this means
that the IADPSG proposal redefines GDM as a risk
factor for having a surrogate marker for adverse pregnancy
outcomes (ie, GDMwomen are ‘at risk of being at risk’ for an
event!). Having a big baby is not in itself a clinical event;
macrosomia was indeed described by the US Preventive Serv-
ices Task Force as ‘not an outcome of primary interest to us’
[22].

Using such a small OR of 1.75 to define GDM does not
add any predictive value for a clinician to discriminate
between high and low risk women, as the importance of
any OR relies on the absolute risk of an adverse outcome.
Furthermore the OR overestimates the RR (Risk Ratio or
Relative Risk) when the prevalence of the ‘event’ is high
(>10 %), as in the case of the outcomes chosen by the
IADPSG to define GDM (big babies).

Long-Term Effects of Gestational Diabetes

A commonly expressed concern is that macrosomic babies
born to mothers with GDM are at increased risk of obesity
and type 2 diabetes in later life. Although this is very likely
to be true, in utero exposure to modest degree of hypergly-
cemia is unlikely to be the proximate cause. Babies born to
mothers with type 1 diabetes are exposed to greater degrees
of hyperglycemia in utero and are frequently macrosomic at
birth, but there is no epidemic of early onset type 2 diabetes
in these offspring. With time, the prevalence of overweight
in the children of women with type 1 diabetes falls, and by
age 11 is no different to that in the general population. In
contrast, the prevalence of overweight in the children of
women with GDM increases with age [23•], arguing strong-
ly that postnatal environmental factors (or genetic factors)
play a critical role for these children.

Consistent with these observations, a follow-up study of
the Belfast HAPO cohort showed that the relationship
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between the weight of the offspring and maternal glycemia
in pregnancy was lost by the age of 2 [24], and the BMI of
children of the ACHOIS intervention and control groups
were similar at age 5–7 [25]. Although no study has ever
demonstrated that reducing macrosomia at birth results in
reduced long-term obesity and glucose intolerance in chil-
dren of mothers with GDM, the main argument of the
adoption of the IADPSG criteria by the ADA in 2011 was
that ‘…changes are being made in the context of worrisome
worldwide increases in obesity and diabetes rates, with the
intent of optimizing gestational outcomes for women and
their babies’ [7•]. This is a large leap of faith that needs to
be examined critically.

What Might Be the Benefits of the IADPSG Approach?

As outlined above, evidence from the intervention trials
suggests that there are benefits of treating ‘mild GDM’,
but these benefits were either on surrogate markers (fewer
‘big babies’), or measures that were secondary outcomes
(maternal weight gain, pregnancy-associated hypertension,
and shoulder dystocia).

It is important to note that, even if we define GDM
by the stricter IADSPG criteria, 78 % of large-for-
gestational age babies in HAPO (defined as birth weight
>90th percentile) were born to women with normal
glucose tolerance [1•]. A recent study demonstrate that
women delivering a LGA baby without GDM (as diagnosed
by less than 2 abnormal glucose values at the 100 g OGTT
using less strict NDDG criteria) do not exhibit postpartum
metabolic dysfunction at 3 months. This argues against the
assumption that most mothers of LGA infants have unrecog-
nized dysglycemia [26].

As for shoulder dystocia, it is infrequent, subjective, and
rarely results in birth trauma or permanent disability. The
vast majority of deliveries (>97 %) complicated by shoulder
dystocia do not occur in women with GDM [27], so this
seems an illogical justification for diagnosing GDM in
many more women. With regard to hypertension, less than
a third of the women with pregnancy-associated hyperten-
sion in the MFMU trial had pre-eclampsia; the remainder
had simple gestational hypertension, which has a generally
benign outcome [3•].

Most importantly, there is no clinical trial data sup-
porting the expansion of population of GDM cases to
the large group of women who would be diagnosed by
the new criteria. The intervention studies were con-
ducted on populations identified by 2-step testing with
higher diagnostic criteria. It cannot be assumed that the
marginal benefits outlined above will also be seen in
those with minimally elevated blood glucose levels in
pregnancy [9].

What Might Be the Harms of the IADPSG Approach?

There is no doubt that once clinicians know that a woman
has GDM, it makes them more likely to intervene. For
example, in the ACHOIS study, the rate of induction of
labor and NICU admission were significantly increased in
the intervention group [2•]. Other prospective studies
showed that a label of GDM increases the cesarean section
rate, even if birth weight is normalized by treatment [28],
especially for women treated with insulin and independent
of conventional indications [29]. It seems unlikely that
diagnosing and treating more women with GDM outside
controlled research settings will lower the cesarean section
rate significantly, particularly in an environment where rates
are increasing in almost all countries - a change that is not
being driven by concerns about GDM [30].

Lower diagnostic criteria for GDM will mean more
glucose-lowering treatment given, and will likely lead also
to lower target glucose values (increasing the risk of maternal
hypoglycemia and poor fetal growth), more obstetrical mon-
itoring, and more medical interventions. The prospect of ag-
gressive diet and/or glucose-lowering treatments in pregnant
women, irrespective of their BMI, and other risk factors for
adverse pregnancy outcomes, is worrisome in the absence of
proven benefit, given the concerns about association of low
birth weight with metabolic disorder in adulthood [31]. Can
we discriminate with certainty those pregnancies that would
benefit from treatment from those that might be harmed?

Medicalization

Medicalization means transforming normal life events like
pregnancy and childbirth into medical events and ‘patholo-
gies’. It also means focusing the source of a problem in the
individual rather than in the social environment and calling
for individual medical intervention rather than more collec-
tive or social solutions [32]. This is the case for redefinition
of GDM: by taking the authority to define ‘normal blood
glucose’ in pregnancy, experts and medical associations will
medicalize a large number of hitherto healthy pregnancies.
Pregnancy is a time when women are particularly sensitive
to their health and receptive to changes, but also vulnerable
to stress, anxiety, and guilt. Preventive medical interven-
tions that concern asymptomatic pregnant women must be
based on the highest level of randomized evidence, not on
observational data or misguided attempts to do good [33].

Cost-Effectiveness

The sustainability of escalating health care costs is a major
concern [34]. Identifying a substantially increased number
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of women with lesser degrees of hyperglycemia as having
GDM would have a large impact on health care costs and
will divert attention and resources away from genuinely
high risk diabetic pregnancies. A decision-tree model of
the likely costs and utility of implementing the IADPSG
proposal indicates that the incremental cost-effectiveness
ratio (the amount we are willing to pay for each unit of
improved quality of life) would be over $500,000 per QALY
[35]. There are many ethical issues relating to wasteful
medical care [36].

The recent analysis suggested that the IADPSG strategy
would only be cost-effective if the later progression to mater-
nal type 2 diabetes could be delayed or prevented [35], but
there is no evidence that experiencing a GDM pregnancy does
this. Published reports from different parts of the world
showed that compliance to postpartum OGTT testing is poor,
and that women who have had GDM are often from deprived
sections of the community who find it difficult to access care
and adhere to lifestyle recommendations [37, 38]. Enormous
healthcare resources allocation would be needed to make such
a diabetes prevention program effective, especially if we
double GDM prevalence. Furthermore, we do not know the
long-term risk of type 2 diabetes in the women who will be
identified by the IADPSG criteria, but we can be reasonably
sure that it will be less than in women with greater degrees of
hyperglycemia. While effective lifestyle change can indeed
delay the progression to type 2 diabetes, this applies not only
to women. As GDM largely reflects the degree of glucose
intolerance in the community [39], their male partners should
in theory benefit just as much.

Toward a Redefinition of GDM and a Potential
Consensus

Ryan has recently pointed out that if the GDM diagnostic
values were shifted to level 6 out of 7 (corresponding to an
OR of 2 for the same HAPO-defined adverse events), the
number of serious adverse events that would be potentially
averted—assuming interventions are successful—is still
low, but the number of women diagnosed would be reduced
by 40 % [8]. He proposed to keep a 2-step diagnostic
approach with a 1 h–50 g glucose screen confirmed by a
75 g OGTT using an OR of 2.0 for ‘big babies’ (any
elevated glucose value: FPG ≥5.3, 1 h ≥10.6, and 2 h
≥9.0 mmol/L). This proposal corresponds to a prevalence
of GDM in the HAPO study of 10.5 % vs 17.8 % for the
IADPSG criteria. This proposal is closer to the GDM defi-
nition used in the ACHOIS and MFMU trials, but still
represents a ‘glucocentric’ approach.

If we redefine GDM as ‘maternal glycemia associated
with a clinically meaningful increase in adverse pregnancy
outcomes,’ we are no longer defining a ‘disease,’ but a

prognostic factor. We now recognize that maternal glucose
and adverse pregnancy outcomes are linearly and continu-
ously related, without a diagnostic threshold. In this new
context, the dichotomous view of GDM being present or
absent can only be misleading. Clinicians do not treat
OGTTs; they treat individual women with particular char-
acteristics, such as a given BMI, blood pressure, ethnic
background, past obstetrical history, and so on. As with
any risk factor taken in isolation, maternal glycemia cannot
predict accurately, the outcomes we are trying to prevent,
because they are multifactorial.

So a more helpful redefinition should more appropriately
be based on a prognostic model integrating all HAPO obser-
vations, combining the other risk factors for adverse preg-
nancy outcomes (such as maternal age and BMI) with
maternal glycemia as a continuous variable. Only once this
prognostic model is validated in a RCT, showing that the
new model yields better outcomes than the present strate-
gies, can practice guidelines be proposed [40].

Experts of the IADPSG and others should unite their
efforts to plan and pursue the clinical research necessary
for offering an evidence-based care of GDM. Arbitrary
recommendations and their endorsement as ‘standards of
care’, can only obstruct the conduct of the necessary trials
by sending the message that doctors know what to do, when
in fact they do not. As Epictetus emphasized: ‘A man cannot
learn what he thinks he already knows.’ Pregnant women
deserve better.

Conclusions

The IADPSG recommendations would lead to nearly 1 in
5 pregnancies being diagnosed with GDM. We believe
that clinicians and medical associations that have en-
dorsed the IADSPG recommendations have been tempted
to act without sufficient evidence. There are risks in
submitting women to invalidated care that can potentially
cause more harm than good, and real risk that resources
and attention will be diverted away from genuinely high-
risk pregnancies in women with pre-gestational diabetes.
Far from achieving the much hoped for consensus, the
IADPSG proposal has raised important questions about
the significance, risks, and cost of redefining GDM. The
evidence suggests that the yet unproven benefits are likely
to be modest and the costs high. Endorsement of these
arbitrary recommendations and their application to all
pregnant women is presently unjustified.
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