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For debate

Reassessment of the new diagnostic
thresholds for gestational diabetes
mellitus: an opportunity for improvement

he diagnosis of gestational diabetes mellitus (GDM)

has been based on guidelines derived from expert

opinion. The original threshold blood glucose lev-
els (BGLs) for diagnosis recommended by the Australian
Diabetes in Pregnancy Society (ADIPS) had no scientific
validity.! Subsequently, intervention studies provided valid-
ity for these levels.>® However, these criteria remained sta-
tistically unsupported until the results of the Hyperglycemia
and Adverse Pregnancy Outcome (HAPO) study were
published.

HAPO analysed data from 23316 women enrolled in a
blinded epidemiological study where neonatal and mater-
nal adverse events were assessed according to prespecified
blood glucose ranges after a 75g oral glucose tolerance
test performed at 24-32 weeks of gestation.* This study
showed strong continuous relationships between fasting
blood glucose (FBG) levels, 1-hour BGL and 2-hour BGL
after a 75 g oral glucose tolerance test and outcomes. HAPO
assessed different odds ratios (ORs) for risk of develop-
ing adverse neonatal outcomes for each BGL parameter
and the percentage of women diagnosed. Subsequently,
the International Association of Diabetes and Pregnancy
Study Groups (IADPSG) reached consensus that the ar-
bitrary threshold level for risk should be an OR=1.75
of developing certain adverse neonatal outcomes. These
recommended levels were FBG =5.1mmol/L, 1-hour
BGL = 10mmol/L and 2-hour BGL = 8.5mmol/L.% The
diagnosis is established if one or more BGLs equals or
exceeds these values. If this threshold is met, a patient
presumably will have at least a 75% increased risk of com-
plications. These recommendations have been accepted by
many professional bodies, including the American Diabetes
Association.® However, many other organisations have
not endorsed them, including the United States National
Institutes of Health (NIH).” They have been recommended
for endorsement in Australia by ADIPS.2 Based on these
new criteria, there is a significant increase in the number
of patients being diagnosed with GDM. In the HAPO
study, 16.1% of participants met these criteria.? The rate
of GDM in different countries varies but there is a general
concern that the IADPSG criteria will place an increased
burden on services. 1

This increase would not be an issue if these pregnancies
were associated with a significant increase in preventable
complications. But do these criteria identify pregnancies
at risk? This may not be the case. There are at least two
problems concerning the new diagnostic thresholds.

The International Association of Diabetes and
Pregnancy Study Groups has recommended new blood
glucose levels (BGLs) for the diagnosis of gestational
diabetes mellitus (GDM).

These BGLs supposedly identify women with at least
a 75% increased risk of developing certain adverse
neonatal outcomes.

The new criteria result in a significant increase in the
number of women diagnosed with GDM.

Most of the women diagnosed with GDM according to
the new criteria have only one elevated BGL.

Due to the unrecognised effect of the other BGLs being
normal, up to 50% of these women are inappropriately
diagnosed with GDM as they do not meet the agreed
risk threshold.

In absolute terms, for every 100 women diagnosed with
GDM who have only one elevated BGL, nearly 50 do not
meet the agreed risk threshold for diagnosis, and there
are only up to seven extra cases of large-for-gestational-
age infants.

A more statistically valid basis for diagnosing GDM
consistent with the recommended risk threshold is
suggested.

The thresholds for diagnosis were based on the average
BGLs at which the odds for birthweight >90th percentile
(measure of large for gestational age [LGA]), cord C-peptide
levels >90th percentile, and per cent body fat >90th percen-
tile reached 1.75 times the estimated odds of these outcomes
at mean glucose values. There are several concerns with
this approach. Considering the FBG threshold only, the
calculated OR for the individual primary and secondary
outcome measures of the HAPO study are shown in Box 1.5
The outcome measure of per cent body fat >90th percentile
was neither a primary nor secondary outcome measure
but simply an exploratory outcome. There was incomplete
ascertainment, with it being assessed in 83% of all babies
and in only 73% of babies who had cord C-peptide levels
measured.!! The data for this outcome were not published
in the original results paper of HAPO.* Including this out-
come would not be considered standard statistical practice.

The primary outcome measure of cord C-peptide levels
>90th percentile was included but it is not a routine test
performed in clinical practice. An increase in C-peptide lev-
els at delivery most likely reflects the normal physiological
increase in insulin secretion due to increased fetal glucose
exposure consequent to maternal hyperglycaemia.% It may
be a marker of insulin resistance with relevance to future
adverse metabolic outcomes, but it is not known if it has
any long-term clinical significance.!12 It was the major
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1 Primary and secondary outcomes for fasting blood
glucose (FBG) testing in the Hyperglycemia and Adverse
Pregnancy Outcome study

Outcomes*t OR 95% ClI
Primary outcomes
Cord C-petide levels >90th percentile 2.02 1.85-2.21
Birthweight >90th percentile 1.68 1.56-1.80
Neonatal hypoglycaemia 1.24 1.05-1.46
Primary caesarean section 118 1.11-1.26
Secondary outcomes
Pre-eclampsia 1.40 1.26-1.56
Shoulder dystocia 1.30 1.07-1.58
Preterm delivery 116 1.05-1.28
Hyperbilirubinaemia 1.00 0.92-1.09
Neonatal intensive care 0.99 0.91-1.08

OR = odds ratio. * Fully adjusted calculated ORs (95% Cls) at the

FBG threshold; adapted from International Association of Diabetes
and Pregnancy Study Groups Consensus Panel (online Appendix).5

1t Neonatal adiposity >90th percentile is not shown as it was not a
prespecified primary or secondary outcome measure.l *

outcome measure contributing to the lower FBG threshold
(Box 1): its OR is 2.02, significantly higher than for adiposity
(OR, 1.62) and LGA (OR, 1.68). If increased numbers of
women are being diagnosed with GDM because they are
at risk of their fetus having high cord C-peptide levels but
not LGA, the significance of this abnormality should be
established for it to be included in the combined outcome
measure.

The combination of these outcome measures appears
to have been a post-hoc decision made by IADPSG. These
were selected because they had had the greatest difference
between the at-risk group and the normal group. Neonatal
adiposity >90th percentile was not a prespecified combined
outcome measure.* This should be considered as an explora-
tory combined outcome measure at best. Its validity should
be proven in other cohorts. It is inappropriate to use it as the
basis for establishing new diagnostic thresholds for GDM.

There were four primary outcome measures originally
defined for HAPO (Box 1). A more statistically valid ap-
proach would be to combine all the four primary outcome
measures. This was not done, so the highly relevant clinical
primary outcome measures of rates of caesarean section or
neonatal hypoglycaemia did not contribute to the diagnostic
thresholds. If this had been undertaken, higher BGLs would
have been defined to achieve the OR threshold of 1.75, with
fewer women identified.

The most recognised clinical problem of gestational dia-
betes is macrosomia.5 The outcome measure assessing
this in HAPO was birthweight >90th percentile. At the
threshold FBG level of 5.1 mmol/L, the OR for LGA is 1.68
(95% CI, 1.56-1.80) (Box 1). This implies that the mean risk
for LGA at this FBG level is below the IADPSG threshold
for diagnosis. A higher FBG level is required to reach the
defined OR. Ideally, to ensure with 95% confidence that
women diagnosed with GDM are at risk, the lower limit of
the 95% confidence interval of the OR for each BGL should
be equal to or above 1.75. These values cannot be calculated
from the available data.
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The second problem relates to the effect of normal BGL
parameters on risk. When the IADPSG-recommended
thresholds are used to diagnose GDM in the blinded cohort
of HAPO, 69% of women meet the criteria based on a single
elevated BGL parameter only.!® Of these women, 81% were
diagnosed on the basis of an elevated FBG or 1-hour BGL.13
The effect on overall risk of having two normal BGLs in
these women was not considered. An exploratory analysis
assessing this effect suggested that potentially up to 50% of
these women may not reach the required risk threshold.}
In response, data from HAPO were reported for women
who had only one, two or three elevated BGLs (Box 2).13
The mean OR for LGA of women with an elevated FBG or
1-hour BGL only was 1.76 and the 95% CI crossed the risk
threshold, confirming that nearly 50% of these women did
not meet the agreed risk threshold. This implies that overall
nearly one-third (about 50% of the 69%) of women who
had only one elevated BGL did not meet the risk threshold.
This also applies to subjects with two elevated postprandial
BGLs only (Box 2). Most of the potential increase in clinical
demand results from patients who do not meet the IADPSG
agreed level of risk for diagnosis.

In contrast, women with an elevated FBG level (a marker
of preprandial hyperglycaemia) plus one or more elevated
post-challenge BGLs (markers of postprandial hypergly-
caemia) have pregnancies at much greater risk of LGA
(mean OR, >3.0; lower limit of the 95% CI, >2.0; Box 2).
These elevated BGLs suggest greater intrauterine exposure
to glucose associated with higher rates of LGA compared
with women who had one elevated BGL only. These data
also suggest that a lower FBG level in combination with
a lower 1-hour or 2-hour BGL (or both) may still identify
patients at risk.

In absolute terms, for every 100 women in HAPO di-
agnosed with GDM using the new IADPSG criteria who
have only one elevated BGL, nearly 50 do not meet the
agreed risk threshold. In these pregnancies, most cases of
LGA are not due to GDM.3 Intervention in these pregnan-
cies may not change the rate of caesarean delivery but the
rate of induction may be increased. More babies born to
women labelled with GDM will be admitted to specialised
neonatal nurseries, but with no decrease in the rate of neo-
natal hypoglycaemia.?3 It is not known whether any of the
secondary benefits of intervention will apply to this cohort
given the low rate of LGA attributable to GDM. It is not
known whether these women are at increased long-term
risk of developing type 2 diabetes (T2DM).

This assessment suggests that the new diagnostic criteria
are based on a questionable composite end point, resulting
in more women being diagnosed with GDM. This increase
in numbers is predominantly due to women having a mini-
mally elevated FBG level or 1-hour BGL only. Many of these
women do not reach the agreed arbitrary risk threshold
for diagnosis. Their long-term risk of T2DM is unknown.

There are many consequences of this. Initially, GDM
was based on the risk of developing T2DM.% It is recom-
mended that women with GDM are assessed regularly



2 Risk of large-for-gestational-age (LGA) birthweight among women with one, two
or three elevated blood glucose levels (BGLs) in the Hyperglycemia and Adverse
Pregnancy Outcome (HAPO) study*

All BGL = thresholds —_——

1-hour and 2-hour BGL elevated only —

FBG and 2-hour BGL elevated only

FBG and 1-hour BGL elevated only i e —

2-hour BGL = 8.5 mmol/L only =
1-hour BGL =10.0 mmol/L only i

FBG =5.1 mmol/L only —I—
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Odds ratio

FBG = fasting blood glucose. * The odds ratio (OR) and 95% confidence intervals for LGA by BGL
subgroups in the HAPO study are adapted from Metzger and Dyer.13 Also shown is the International
Association of the Diabetes and Pregnancy Study Groups OR risk threshold of 1.75 for diagnosis of
GDM (dotted line). *

for the development of diabetes, resulting in increased
long-term costs and inconvenience, especially if they are
not actually at risk. Additionally, women may be charged
higher life insurance premiums because of a prior diag-
nosis of GDM.

Itis reported® that the NIH consensus panel has recom-
mended as a priority that a new randomised controlled trial
is conducted that evaluates outcomes in women currently
classified as “normal” according to current US criteria
but meeting IADPSG3 or American Diabetes Association
criteria. A similar study is suggested for Australia.
(William Hague, Head, Obstetric Medicine Group, School
of Paediatrics and Reproductive Health, University of
Adelaide, personal communication, June 2014.) If these
studies enrol women who have only one minimally el-
evated BGL, there will be fewer adverse events than an-
ticipated with little chance of demonstrating benefits from
intervention. Large sums of money and investigator time
and effort may be wasted undertaking these trials.

The risk threshold for diagnosis is an arbitrary decision.
It has been suggested that the OR threshold could be
raised to 2.0 to reduce patient numbers.17 If this threshold
is based on the same combined outcome measure, and no
adjustment is made for the effect of normal BGLs on risk,
the same problems discussed here will arise. This would
be unnecessary if an improved diagnostic approach is
adopted. Improved identification of at-risk patients could
justify adopting a higher OR threshold.

The most clinically recognised complication of GDM
is macrosomia, assessed in HAPO as birthweight >90th
percentile (LGA). This analysis suggests that women who
have only one elevated BGL parameter require a higher
threshold to ensure with 95% confidence that they meet
the agreed risk threshold.® Multiple diagnostic rules based
on whether a patient has one, two or three BGLs exceeding
different threshold levels would overcome this problem
but would be unduly complicated. Alternatively, a risk
calculator based on the HAPO data could be an excel-
lent solution. However, the approach recommended by
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IAPDSG is compellingly simple and a modification of this
would seem to have merit.

A statistically justified strategy would be to make some
minor modifications to the IADPSG criteria. The currently
recommended IADPSG criteria correctly identify most
patients with two or more elevated BGLs, including the
FBG level. In fact, lower FBG level and post-challenge
BGLs in combination could be justified, as the mean OR
was significantly elevated above the threshold (mean OR,
>3.0 for all subgroups; lower limit of the 95% CI, >2.0;
Box 2). To establish the diagnosis on the basis of only
one elevated BGL, the thresholds must be higher than
the currently recommended IADPSG levels to correctly
identify women at risk. These thresholds should equate
to the lower limit of the 95% CI corresponding to an OR
of 1.75 for LGA. This approach would more accurately
identify these patients.
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