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Introduction

Diabetes in pregnant women may be pregesta-
tional, where the diabetes, type 1 or type 2 was di-
agnosed before pregnancy, or hyperglycemia can
be first recognised during the pregnancy that
comprise two distinct categories - gestational dia-
betes mellitus (GDM) and previously unrecognised
prepregnancy diabetes, so called »overt« diabetes
(1). Women who are in poor glycemic control dur-
ing the period of fetal organogenesis, which is
nearly complete by twelfth week postconception,
have a high incidence of spontaneous abortion
and fetuses with congenital anomalies. The risk in-
crease exponentially with increasing glycosylated
haemoglobin (HbA1c). On the other hand, the mal-
formation rates are similar to the background pop-
ulation of around 2% when the early pregnancy
HbA1c is within normal range (2). Therefore, im-
portance of preconceptional evaluation and coun-
selling of women with pregestational diabetes
mellitus cannot be overstated. Later in pregnancy,
poor glycemic control increases the risk of mac-
rosomia and its sequelae by two to four times
(3,4,5). Additionally, perinatal mortality rates (still-
births and first-week neonatal deaths) among
women who are diabetic remain approximately
two to four time higher as those observed in the
nondiabetic population, and perinatal morbidity
(neonatal hypoglycemia, respiratory distress, hy-
perbilirubinemia and jaundice, hypocalcaemia, hy-
pomagnesaemia, polycythemia, transient hyper-
trophic cardiomyopathy with congestive cardiac
failure) is higher as well (2,5). In addition to fetal
complications, pregnancy in women with preges-
tational diabetes can adversely influence maternal
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health. In particular, women can suffer from treat-
ment-induced hypoglycemia and worsening of
pre-existing micro- and macro-vascular complica-
tions, such are retinopathy, nephropathy, neurop-
athy and cardiovascular disease (2). Gestational hy-
pertension and pre-eclampsia are two to twelve
times more common (3,4,5). Finally, the long-term
impact on offspring of exposure to hyperglycemia
in utero result in a greater risk of obesity, metabol-
ic syndrome and type 2 diabetes later in life, due
to epigenetic modifications of gene expression (2).
Early recognition of overt diabetes in pre-preg-
nancy unrecognized type 2 diabetic women, and
recognition of gestational diabetes with unde-
layed achievement of normoglycemia is therefore
crucial for optimizing maternal and fetal outcomes
in all women with hyperglycaemia during preg-
nancy, regardless of the type of diabetes.

Diagnosis of hyperglycemia during
pregnancy

Before the International Association of Diabetes
and Pregnancy Study Group (IADPSG) recommen-
dations have been launched, the absence of a uni-
versally accepted “gold standard” for the diagnosis
of GDM has resulted in a variety of recommended
diagnostic thresholds that have been endorsed by
different organisations in their guidelines. None of
those diagnostic criteria were based on fetal or
maternal outcomes of the pregnancy. To over-
come this shortage the Hyperglycemia and Ad-
verse Pregnancy Outcome (HAPO) study was de-
signed. The study involved 25505 pregnant wom-
en from 15 centres in nine countries. It was the first
study, designed to clarify risks of fetal and mater-
nal adverse outcomes associated with degrees of
maternal glucose intolerance less severe than
those with overt diabetes during pregnancy.
Women were tested using 75-g oral glucose toler-
ance test (OGTT) at 24-32 weeks. The study found
a continuous positive association with increasing
glucose levels and birth weight >90th percentile,
cord C-peptide >90th percentile, primary Cesarean
section and neonatal hypoglycemia. The study
also found positive associations between increas-
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ing plasma glucose levels and each of the five sec-
ondary outcomes examined: premature delivery,
shoulder dystocia or birth injury, intensive neona-
tal care, hyperbilirubinemia and preeclampsia. The
associations were strongest for birth weight and
blood serum C-peptide levels (6). Results from the
HAPO study was the basis for IADPSG recommen-
dations launched in 2010.

Historically, the term “gestational diabetes” was
used to define women with onset or first recogni-
tion of abnormal glucose tolerance during preg-
nancy. After the IADPSG consensus it is prudent to
distinguish women with probable pre-existing di-
abetes that is first recognised during pregnancy -
»overt diabetes« from those with transient hyper-
glycemia due to pregnancy related insulin resist-
ance — »GDMc. The rationale for this recommenda-
tion is based on the fact that an increasing propor-
tion of young women have as yet overt but unrec-
ognized type 2 diabetes, due to the increasing
prevalence of obesity, and lack of routine glucose
screening/testing in this age group. Beside this,
nowadays women decide for pregnancy later in
life, what is inevitably related to a higher incidence
of diabetes type 2. Identifying overt diabetes early
in pregnancy as a distinct group is important be-
cause these women are at increased risk of con-
genital anomalies in offspring, are at risk of diabe-
tes complications (nephropathy and retinopathy),
and require rapid treatment of hyperglycaemia
during pregnancy to ensure prompt restoration of
normal glycemia and close follow-up during preg-
nancy. Early identification of overt diabetes and
treatment of hyperglycemia may reduce these
risks and provide an opportunity to optimize preg-
nancy outcome (1).

The overall strategy recommended by the IADPSG
Consensus Panel for detection and diagnosis of
hyperglycemic disorders in pregnancy include
two discrete phases (Figure 1). The purpose of the
first phase is detection of women with overt dia-
betes not previously diagnosed or treated outside
of pregnancy. Detection and diagnosis of overt di-
abetes during pregnancy should be made during
the initial visit for prenatal care. Universal early
testing in populations with a high prevalence of
type 2 diabetes is recommended by some organi-

sations (1,7). In health care systems not deciding
for universal testing, screening for undiagnosed
type 2 have to be performed in those with risk fac-
tors, such as listed in Table 1 (8,9). The diagnosis of
overt diabetes is confirmed using standard diag-
nostic criteria: fasting plasma glucose > 7,0 mmol/L
or HbAlc > 6,5% or random plasma glucose > 11,1
mmol/L plus confirmation (Table 2). If results indi-
cate overt diabetes treatment and follow-up as for
pre-existing diabetes is mandatory. If results are
not diagnostic of overt diabetes and fasting plas-
ma glucose is >5,1 mmol/l (92 mg/dl) but <7,0
mmol/l (126 mg/dl), diagnose immediately as
GDM. In all other women, not found to have overt
diabetes or GDM at early testing, the second phase
is one step 75-g OGTT performed at 24-28 weeks’
gestation. According to IADPSG recommendations
GDM should be diagnosed if one or more values
from a 75-g OGTT equal or exceed those listed in
Table 3 (1). As a result of IADPSG consensus, many
organizations have published new recommenda-
tions for screening and diagnosis of diabetes in
pregnancy. World Health Organisation (WHO) (10)
and Endocrine society (7), adopt IADPSG criteria
(75-g OGTT as one step approach), while American
Diabetes Association (ADA) (8) and Canadian Dia-
betes Association (9) allow using two approaches
(75-g OGTT as one step approach or 50-g OGTT
followed with confirmation testing using either
100-g OGTT in USA or 75-g OGTT in Canada as two
step approach), NICE guidelines are in develop-
ment.

However since there is a continuous risk of adverse
outcomes with increasing glycemia in HAPO study,
diagnostic thresholds are somewhat arbitrary. The
IADPSG Consensus Panel decided to define diag-
nostic values listed in Table 3 on the basis of an
odds ratio of 1,75 for adverse neonatal outcomes.
Based on HAPO study population the total inci-
dence of GDM would be around 17,8% of all preg-
nant women (1). The one step approach proposed
by the IADPSG, is anticipated to significantly in-
crease the prevalence of GDM (from 5-6% to ~15-
20%), primarily because the recommended glucose
cut-off values for GDM correspond to those pro-
posed by IADPSG are lower than those recom-
mended by earlier guidelines, and because the
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FIRST PHASE - First prenatal visit:

Measure FPG, HbA1c or random glucose
(on all or only high-risk women)

YES [< Overt diabetes? as per Table 2

Dg: Overt diabetes

Treatment and follow-up as for

NO

preexisting diabetes

.

FPG =5.1 mmol/l (92 mg/dl) but
<7.0 mmol/l (126 mg/dI

Dg: GDM

Treatment and follow-up as for GDM

A

FPG =5.1 mmol/I (92 mg/dI)

SECOND PHASE:
Test all for GDM from 24 to 28
weeks’ gestation with 75-g OGTT

Dg: Treatment and follow-up as
for GDM if fulfilled the criteria
from Table 3

FiGure 1. Strategy for the detection and diagnosis of hyperglycemic disorders in pregnancy.

TasLE 1. Risk factors for hyperglycemia during pregnancy (from a reference 8).

Testing should be considered in all women who are overweight (BMI 225 kg/m2) and have additional risk factors:

1
2
3
4
5.
6.
7.
8
9
1

0.

physical inactivity
first-degree relative with diabetes

high-risk race/ethnicity (e.g., African American, Latino, Native American, Asian,American, Pacific Islander)
women who delivered a baby weighing 4,1 kg or were diagnosed with GDM

hypertension (140/90 mmHg or on therapy for hypertension)

HDL cholesterol level <0.90 mmol/L and/or a triglyceride level >2.82 mmol/L

women with polycystic ovarian syndrome
Alc >5.7%, IGT, or IFG on previous testing

other clinical conditions associated with insulin resistance (e.g., severe obesity, acanthosis nigricans)

history of CVD

BMI - Body mass index, IGT - impaired glucose tolerance, IFG - impaired fasting glucose, CVD - cardiovascular disease
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TaBLE 2. Threshold values for diagnosis of overt diabetes in
pregnancy (from a reference 1). Decision to perform blood test-
ing for evaluation of glycemia on all pregnant women or only
on women with characteristics indicating a high risk for diabe-
tes is to be made on the basis of the background frequency of
abnormal glucose metabolism in the population and on local
circumstances.

Measure of glycemia Consensus threshold
FPG >7.0 mmol/I (126 mg/dl)

>6.5% (DCCT/UKPDS
standardized)

>11.1 mmol/I (200 mg/dl) +
confirmation

Alc

Random plasma glucose

only one abnormal value, not two, is sufficient to
make the diagnosis (8,10). Increased prevalence of
GDM would have significant impact on the costs,
medical infrastructure capacity, and potential for
increased “medicalisation” of pregnancies previ-
ously categorised as normal (8). Nevertheless,
IADPSG diagnostic criteria for the treatment of
GDM seem to be reasonable. Two randomized con-
trolled trials, Australian Carbohydrate Intolerance
Study in Pregnant Women (ACHOIS) and a multi-
center, randomized trial of treatment for mild ges-
tational diabetes (MFMU trial) comparing active
treatment versus standard obstetric care for mild
GDM have been conducted during the years in
which the HAPO study was carried out. In both tri-
als, treatment, achieved primarily by diet/lifestyle
modification, resulted in reduced risks of fetal over-
growth, shoulder dystocia, cesarean delivery, and
hypertensive disorders (3,4). Recruitment processes
and glycemic values of participants were not iden-
tical in the mentioned two randomized controlled
trials and the HAPO observational study. However,
there was substantial overlap between glucose val-
ues used for inclusion in the randomized controlled
trials and those recommended in IADPSG report as
new threshold values. Furthermore, frequencies of
outcomes such as LGA or birth weight >90th per-

TasLE 3. Threshold values for diagnosis of GDM (from a refer-
ence 1).

Glucose measure Glucose concentration threshold*

mmol/l mg/dl
FPG 5.1 92
1-h plasma glucose 10.0 180
2-h plasma glucose 8.5 153

* One or more of these values from a 75-g OGTT must be equaled or
exceeded for the diagnosis of GDM.

centile and preeclampsia in usual care versus treat-
ment arms of the randomized controlled trials are
similar to those observed in the HAPO study among
women with one or more glucose values that meet
or exceed the threshold, compared with those with
all values below threshold. Although not directly
comparable, it was concluded that results of the
two randomized controlled trials and HAPO are
highly complementary (1).

Conclusion

Current evidence supports direct causal role be-
tween maternal glycaemia and fetal/offspring and
maternal adverse outcomes. Glucose testing early
in pregnancy to detect overt diabetes and again
with a 75-g OGTT at 24-28 weeks’ of gestation in
all pregnancies not already diagnosed with overt
diabetes or GDM by early testing represents fun-
damental changes in strategies for detection and
diagnosis of hyperglycemia in pregnancy. Detec-
tion and diagnosis of hyperglycemic disorders in
pregnancy based on IADPSG criteria will substan-
tially increase the frequency of hyperglycemic dis-
orders in pregnancy. If results indicate overt diabe-
tes treatment and follow-up as for pre-existing di-
abetes should be started. If results are diagnostic
for GDM the pregnant women should be follow-
up closely during pregnancy.
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