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OBJECTIVEdThe optimal screening regimen for gestational diabetes mellitus (GDM)
remains controversial. Risk factors used in selective screening guidelines vary. Given that uni-
versal screening is not currently adopted in our European population, we aimed to evaluate
which selective screening strategies were most applicable.

RESEARCH DESIGN AND METHODSdBetween 2007 and 2009, 5,500 women were
universally screened for GDM, and a GDM prevalence of 12.4% using International Association
of Diabetes in Pregnancy Study Groups (IADPSG) criteria was established. We retrospectively
applied selective screening guidelines to this cohort.

RESULTSdWhen we applied National Institute for Health and Clinical Excellence (NICE),
Irish, and American Diabetes Association (ADA) guidelines, 54% (2,576), 58% (2,801), and 76%
(3,656) of women, respectively, had at least one risk factor for GDM and would have undergone
testing. However, when NICE, Irish, and ADA guidelines were applied, 20% (120), 16% (101),
and 5% (31) of women, respectively, had no risk factor and would have gone undiagnosed.
Using a BMI$30 kg/m2 for screening has a specificity of 81% with moderate sensitivity at 48%.
Reducing the BMI to$25 kg/m2 (ADA) increases the sensitivity to 80%with a specificity of 44%.
Women with no risk factors diagnosed with GDM on universal screening had more adverse
pregnancy outcomes than those with normal glucose tolerance.

CONCLUSIONSdThis analysis provides a strong argument for universal screening. How-
ever, if selective screening were adopted, the ADA guidelines would result in the highest rate of
diagnosis and the lowest number of missed cases.
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The World Health Organization
(WHO) defines gestational diabetes
mellitus (GDM) as any degree of glu-

cose intolerance with onset or first recogni-
tion during pregnancy (1). GDM results in
higher maternal and neonatal morbidities in
the short- and long-term. GDM is common,
and prevalence is increasing due to the in-
crease in overweight andobesity in the back-
groundpopulation. In Ireland it complicates
;12% (2) of pregnancies.

Diagnosis of GDM and subsequent
treatment decreases morbidities for the
mother and baby in the index pregnancy.
Diagnosis of GDM also highlights an

at-risk population that can be targeted
for primary prevention of type 2 diabetes.
The optimal screening regimen for GDM
remains controversial, with conflicting
recommendations for universal and se-
lective screening among various expert
groups. Currently, the American Diabetes
Association (ADA), the U.S. Preventive
Services Task Force (USPSTF), the Na-
tional Institute for Health and Clinical
Excellence (NICE), and the 2010 Irish
guidelines recommend risk factor–based
screening. The Australasian Diabetes in
Pregnancy society recommends universal
screening (3). With studies from North

America (4) showing that;90%ofwomen
have at least one risk factor for GDM, there
is a strong argument for universal screen-
ing. However, a lack of randomized-
controlled trials addressing this issue
means there is insufficient evidence to def-
initely determine whether a universal ap-
proach to screening should be the gold
standard of care. Also, the population of
North America is phenotypically different
from that of Europe, so evidence-based
recommendations from North American
studies may not be directly applicable to a
European population.

The Atlantic Diabetes in Pregnancy
(ATLANTIC DIP) network is a research
collaboration among five antenatal cen-
ters along the Irish Atlantic seaboard. The
aim of this clinical network is to provide
optimal, evidence-based care for women
before, during, and after pregnancy. Be-
tween 2007 and 2009, universal screening
for GDM was offered. Given that univer-
sal screening is not currently adopted or
supported financially at a national level,
we aimed to analyze which selective
screening modalities and single risk fac-
tors had the highest sensitivity and spec-
ificity for diagnosing GDM. An additional
objective was to calculate the proportion
of women with GDM who would be
missed if selective screening methods
were adopted. Finally, there is a sugges-
tion that women with GDM who carry no
risk factors for the condition, who are only
detected as part of universal screening,
have a “milder” form of glucose intoler-
ance and that their pregnancy outcomes
may be similar to those of the background
population. As such, this study analyzed
pregnancy outcomes of these “low-risk”
GDM women and compared them with
the outcomes in women with normal glu-
cose tolerance (NGT).

RESEARCH DESIGN AND
METHODS

Design and study population
This was a retrospective study designed
to analyze the relative merits of various
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screening techniques and single risk factors
for GDM, in terms of diagnostic accuracy
(sensitivity and specificity), as part of the
ATLANTIC DIP research program.

Universal screening was offered to all
pregnant women in five antenatal centers
from 2007 to 2009. Screening occurred at
24–28 weeks’ gestation using a 75-g 2-h
oral glucose tolerance test, and Interna-
tional Association of Diabetes in Preg-
nancy Study Groups (IADPSG) criteria
were applied for diagnosis. This involved
having one or more of fasting plasma glu-
cose $5.1 mmol/L/92 mg/dL, 1-h post-
glucose load $10 mmol/L/180 mg/dL,
or 2-h postglucose load $8.5 mmol/L/
153 mg/dL.

At the first obstetric visit, 12,487
pregnant women were offered screening

and 9,365 (75%) consented. Of those
who consented, 5,500 (44%) presented
for testing. Baseline characteristics of age,
ethnicity, parity, family history of diabe-
tes in first-degree relatives, BMI, and
blood pressure were recorded. Data
were collected and stored in an electronic
database (DIAMOND). If GDM was di-
agnosed, women received combined
antenatal/diabetes care according to local
guidelines. Once pregnancy was com-
pleted, data on maternal (pre-eclamptic
toxemia, pregnancy-induced hyperten-
sion, mode of delivery) and infant
(weight, size for gestational age, Apgar
scores, hypoglycemia, jaundice, respi-
ratory distress syndrome) were col-
lected. The screening regimens chosen
for analysis were universal screening

and selective screening based on the
ADA, NICE, and 2010 Irish national
GDM guidelines (Table 1).

Statistical analyses
PASW 19 and statspages.org software
were used for statistical analysis. The x2

test was used to find the proportion of
GDM between the stratified groups of
age and BMI. Sensitivity, specificity, and
95% CIs were calculated for each risk fac-
tor, including the stratified groups for age
and BMI. Descriptive statistics were used
to identify the number of GDM women
with zero risk factors and with more
than one risk factor. Classification tree
analysis was used to assess the age and
BMI at which the risk of GDM was signif-
icantly increased.

Table 1dComparison of guidelines for screening for GDM

NICE ADA
2010 Irish guidelines for selectively

screening for GDM

**BMI .30 kg/m2 **Testing should be considered in all
adults who are overweight
(BMI $25 kg/m2) and have additional
risk factors

**Family history of diabetes in
first-degree relative

Previous macrosomic baby
weighing $4.5 kg Physical inactivity **BMI $30 kg/m2

Previous GDM **First-degree relative with diabetes **Maternal age $40 years
**Family history of diabetes
(first-degree relative with diabetes)

**Members of a high-risk ethnic population
(e.g., African American, Latino, Native
American, Asian American, Pacific Islander)

Previous unexplained perinatal death

**Family origin with a high prevalence
of diabetes: South Asian (specifically
women whose country of family
origin is India, Pakistan, or Bangladesh),
black Caribbean, Middle Eastern
(specifically women whose country
of family origin is Saudi Arabia, United
Arab Emirates, Iraq, Jordan, Syria,
Oman, Qatar, Kuwait, Lebanon, or
Egypt)

Women who delivered a baby weighing .9 lb
or were diagnosed with GDM

Current glycosuria

**Hypertension ($140/90 mmHg or on
therapy for hypertension)

Women on long-term steroids

HDL cholesterol level ,35 mg/dL (0.90 mmol/L)
and/or a triglyceride level .250 mg/dL
(2.82 mmol/L)

Previous delivery of a baby
weighing $4.5 kg

Women with polycystic ovary syndrome Polycystic ovary syndrome
A1C $5.7%, IGT, or IFG on previous testing **Polyhydramnios and/or macrosomia

in existing pregnancy
Other clinical conditions associated with
insulin resistance (e.g., severe obesity,
acanthosis nigricans)

**Ethnicity associated with high prevalence
of diabetes: India, Pakistan, Bangladesh,
black Caribbean, Saudi Arabia, United
Arabic Emirates, Iraq, Jordan, Syria, Oman,
Qatar, Kuwait, Lebanon, Egypt

History of CVD

Data not collected in ATLANTIC DIP for variables in italic. CVD, cardiovascular disease; IFG, impaired fasting glucose; IGT, impaired glucose tolerance. **Available
data on ATLANTIC DIP dataset.
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RESULTSdAt the first obstetric visit,
12,487 pregnant women were offered
universal screening and 9,365 (75%)
consented. Of those who consented,
5,500 (44%) presented for testing. The
prevalence of GDM was 12.4% (n = 681).
Most women (93%) were Caucasian,
with a mean age of 32 6 5.3 years and a
mean BMI of 26.96 5.1 kg/m2. The char-
acteristics of women with GDM in the
presence and absence of risk factors for
GDM are reported in Table 2.

All women received medical nutri-
tional therapy and advice on exercise. In
addition, 31% of women required insulin
to reach their glucose goals, comprising
10% of women with no risk factors and
21% of women with risk factors.

When the NICE guidelines were ap-
plied, 54% of women (n = 2,576) had at
least one risk factor for GDM and would
have undergone testing. Twenty percent
of women (n = 120) with GDM on univer-
sal screening had no NICE risk factors
and would have remained undiagnosed.
Fifty-eight percent of women (n = 2,801)
had at least one risk factor for GDM and
would have undergone testing if the Irish
guidelines were applied. Sixteen percent
(n = 101) had no risk factors and would
have remained undiagnosed. Seventy-six
percent of women (n = 3,656) had at least
one risk factor according to the ADA
guidelines and would have undergone
testing. Five percent of women (n = 31)
identified with GDM by universal screen-
ing had no risk factors and would have
remained undiagnosed. The prevalence
of GDM among those with no risk factors
was 2.7, 4.9, and 5.4% using ADA, Irish,
andNICE guidelines, respectively (Table 3).

We analyzed whether using a combi-
nation of age and BMI only was effective

in terms of diagnostic accuracy. Using a
classification tree analysis, we found that
women who had a low prevalence (,1%)
of GDMwere those aged,21 years with a
BMI ,25 kg/m2, so potentially, this
group could be omitted from screening.
This can be compared with a prevalence
of 7.7% in women aged.21 years with a
BMI $25 kg/m2. This would have pre-
vented only 79 women from being unnec-
essarily tested.

Age (.40 years) is included as a risk
factor in the Irish guidelines. When ap-
plied to our cohort it, equated to a high
specificity (94%) for GDM; however, the
sensitivity was very low, at 9%. If age was
reduced to $30 years the sensitivity in-
creased to 73%, with a specificity of 34%.

There is debate about which BMI
cutoff should be considered as part of
selective screening criteria. ADA recom-
mends $25 kg/m2, NICE, .30 kg/m2,
and the Irish guidelines, $30 kg/m2. In
our cohort, a BMI$30 kg/m2 was specific
(81%), with intermediate sensitivity
(48%). Reducing the BMI cutoff to $25
kg/m2, as indicated in the ADA guide-
lines, increased the sensitivity to 80%,
with a reduction of specificity to 44%.

Blood pressure of 140/90 mmHg
has a very low sensitivity of 12%, al-
though it is very specific (93%). Of the
women screened, 47% stated they had a
first-degree relative with diabetes, which
had intermediate sensitivity of 47% and
specificity of 70%. When ethnicity was
assessed, a higher proportion of non-
Caucasian women (28%) were identified
as having GDM compared with their
Caucasian counterparts (11%). It is
highly specific (94%) but has a very low
sensitivity (16%) given that the vast ma-
jority of our patients were Caucasian.

We examined pregnancy outcomes of
women who had no risk factors but were
diagnosedwith GDMon universal screen-
ing, defined as the “low-risk” group of
women with NGT (Table 4). This low-
risk groupwas treated for GDM according
to local protocol. These low-risk women
with GDM had more hypertensive disor-
ders in pregnancy (P = 0.029), higher
rates of total cesarean section deliveries
(P = 0.0001), and more polyhydramnios
(P = 0.003). Infants had a nonsignificant
increase in congenital malformations and
significantly higher rates of admission to
neonatal intensive care units (NICU; P =
0.0001), despite treatment. The miscar-
riage rates were similar between the two
groups. We also compared outcomes in
those with GDM who had no risk factors
with those who had one or more risk fac-
tors. Maternal and neonatal morbidities
(hypertensive disorders, previous miscar-
riages, caesarean section deliveries, ad-
mission to NICU, large for gestational
age, and premature deliveries #36
weeks) were higher in those who had at
least one risk factor for GDM (Table 4).
Rates of stillbirths and congenital malfor-
mations were similar between the two
groups.

CONCLUSIONSdGDM is common,
with a rising prevalence, and is associated
with higher maternal and neonatal mor-
bidity. It carries additional long-term
health consequences for the mother and
her offspring (4,5). Diagnosis and appro-
priate treatment of the condition is asso-
ciated with a reduction in morbidity
(6,7). Given the lack of symptoms associ-
ated with this condition and the evidence-
base accruing from several studies (5,8–10),
screening of asymptomatic patients is
considered necessary. However, there is
no consensus regarding which women
should be screened and whether selective,
risk factor–based screening or a universal
screening approach should be adopted.
Also, among those groups advocating se-
lective screening, there is still consider-
able variability in the risk factors that
are incorporated into a screening strategy.
These uncertainties are based on a lack of
randomized controlled trials indicating
which approach is superior.

Our study aimed to apply the avail-
able screening strategies to our European,
predominantly Caucasian population.
We set out to analyze whether the cur-
rent, most commonly adopted national
and international selective screening
practices are appropriate compared with

Table 2dMaternal characteristics

GDM risk factors

Zero 1–4 NGT P value

Patients 101 (16) 521 (84) 4,225
Family history of diabetes 0 317 (61) 1,442 (34) 0.0001*
Caucasian 101 (100) 409 (79) 3,938 (93)
Age (years) 32 6 5.01 33 6 5.3 31 6 4.9 0.0001*
Normal BMI (,25 kg/m2) 28 (28) 78 (17) 1,713 (43) 0.0001*
Overweight (25–29.9 kg/m2) 73 (72) 104 (24) 1,495 (37)
Obese ($30 kg/m2) 0 260 (59) 782 (20)
Smoking 10 (13) 45 (12) 345 (12) 0.66*

Data for age are mean6SD; all other data are n (%). *P value refers to NGT vs. GDM with no risk factors and
NGT with GDM with 1–4 risk factors.
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universal screening using IADPSG criteria
(11). Through unselected screening of all
women and recording of risk factors, we
were able to evaluate the usefulness of se-
lective screening for the detection of GDM
and assess how many women would have
remained undiagnosed if selective screen-
ing rather than universal screening were
applied. We have shown that selective
screening misses a significant proportion
of women and that outcomes in these
pregnancies are worse compared with
NGT pregnancies.

It is important to note that less than
half (n = 5,500 [44%]) of those offered
screening attended. We have found this
to be related primarily to the woman’s
geographical location relative to the
screening site in addition to her socioeco-
nomic status (12). We also found that
those with risk factors for GDM were
more likely to attend for screening, which
is a potential confounder in the preva-
lence rates of GDM. Finally the 75-g oral
glucose tolerance test was administered at

an isolated appointment, which may have
affected attendance rates, because the ap-
propriate time for testing (i.e., 24–28
weeks) does not coincide with the na-
tional routine antenatal schedule.

Some have argued that universal
screening will identify more women
with GDM in a low-risk population and
that these might have less clinical signif-
icance (13). Also, some of the trials show-
ing improvements in morbidity outcomes
used selective screening strategies, and as
such, contained higher-risk populations
or a high proportion of women of non-
Caucasian ethnicity, which is different
from our European population (5,14).
Contrary to this theory of “low-risk”
GDM, studies have shown similar poor
outcomes among young, lean women
with GDM (15,16). We addressed this
by analyzing outcomes in this low-risk
cohort with GDM and compared them
with women with NGT as well as with
women who had GDM and risk factors
for the condition. Despite diagnosis and

subsequent treatment, pregnancy out-
comes were worse for the mother and
baby in those with “low-risk” GDM com-
pared with NGT women. The pregnancy
outcomes in this group, however, were
better than for those with GDM and risk
factors. This suggests that although these
women carried a lower risk than women
with risk factors, they still had poorer out-
comes compared with women with NGT.

We believe the higher rate of caesar-
ean section and admission rates to the
NICU in those with GDM and no risk
factors compared those with NGT was
partly due to local obstetric practice and
the label of “GDM” rather than to clinical
indication. This raises issues regarding
appropriate management of these women
and education of those involved in clini-
cal care.

The current argument for screening
lies in several large studies, including the
Australian Carbohydrate Intolerance
Study in pregnant women (ACHOIS)
(10) trial and the study by Landon et al.
(6), which showed that treating even mild
levels of glucose intolerance resulted in a
reduction in perinatal mortality and mor-
bidity; as such, this is accepted to be in-
direct evidence of the role of screening. Of
course, levels of glucose intolerance,
whether mild or severe, cannot be known
before actually performing glucose toler-
ance testing, and instead, risk factors for
the condition are accepted as surrogate
markers for potential dysglycemia. Co-
horts such as the ACHOIS, however,
comprised 25% of higher-risk ethnic
minorities, and thus are not directly
applicable to our population. The Hyper-
glycemia and Adverse Pregnancies Out-
comes (HAPO) trial (5) also consisted of
52.7% non-Caucasian ethnicities. Our
study by comparison is more applicable
to a European population.

Screening also identifies women at
high risk of developing diabetes in the fu-
ture. As previously shown, 18% of this co-
hort continued to have prediabetes/diabetes
in the postpartum period (17), and this
has further risen to 30% at a median of
2.5 years after the index pregnancy (18).
Of women who progressed to prediabetes/
diabetes postpartum, 90% had risk factors
for GDM. Prediabetes/diabetes in the first
year postpartum appears to be reduced by
breast-feeding, and thus, diagnosis and sub-
sequent encouragement to breast-feed is im-
portant, although long-termdata in this area
are lacking.

There are also long-term conse-
quences for the offspring related to fetal

Table 3dNumbers diagnosed with screening criteria

Universal Irish ADA NICE
5,500 (100) 2,801 (58) 3,656 (76) 2,576 (54)

Diagnosed with GDM 681 (12) 521 (9) 585 (11) 491 (9)
Women with GDM,
theoretically missed 0 101 (16) 31 (5) 120 (20)

No risk factors for GDM and
diagnosed with GDM N/A 137 (4.9) 99 (2.7) 139 (5.4)

Results are reported as frequencies and percentages. N/A, not applicable.

Table 4dPregnancy outcomes among women with and without GDM diagnosed by
IADPSG criteria

GDM with

NGT No risk factors Risk factors P value

Hypertension, % 7 13 15 0.029*
Polyhydramnios, % 1 3 3 0.003*
Cesarean section, % 24 31 38 0.0001*
Elective 11 18 20
Emergency 13 13 17

LGA, % 15 16 24 0.821*
NICU, % 9 23 27 0.0001*
Malformations, % 1 2 2 0.837*
Insulin, % 10 21 0.001**
Composite maternal, % 31 42 48 0.019*
Composite neonatal, % 9 13 15 0.257*

LGA, large for gestational age. Composite maternal: pregnancy-induced hypertension + pre-eclamptic tox-
emia + cesarean section + antepartum hemorrhage + postpartum hemorrhage. Composite neonatal: mac-
rosomia + small for gestational age + miscarriage spina bifida + hypoglycemia + hypocalcemia + respiratory
distress. *P value refers to NGT vs. GDM with no risk factors. **There was no significant difference between
GDM with no risk factors and GDM with risk factors.
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hyperinsulinism and b-cell hyperstimula-
tion as well as changes in the hypothala-
mus (19). If GDM can be detected and
treated in a timely fashion using an appro-
priate population-specific screening strat-
egy, then hyperstimulation of the fetal
pancreas may be avoided, with conse-
quences downstream for the adult health
of the infant. During the routine antenatal
appointments at our five study centers,
the following details were recorded: age,
parity, obstetric history, family history of
diabetes, BMI, ethnicity, and blood pres-
sure. Details such as history of polycystic
ovarian syndrome, signs of insulin resis-
tance, lipid panel, physical inactivity, or
previous steroid use are not routinely re-
corded. Our practice is representative of
that at a national level, and thus, those
variables may be of limited usefulness
to a screening strategy. Also, applying se-
lective screening is time-consuming dur-
ing routine obstetric assessment and may
in fact result in missing GDM in women
who do have risk factors because of inad-
equate recording.

Because of the lack of international
uniformity and financial constraints, we
set out to assess the various selective
screening guidelines. Our analysis sug-
gests that the ADA guidelines would re-
sult in the highest diagnosis rate with the
lowest number of women misclassified as
not having GDM. If we are to adjust our
current guidelines, we suggest including
BMI $25 kg/m2 rather than the current
recommendation of $30 kg/m2 because
this alone will result in correctly diagnos-
ing 80% of women with GDM. We have
also shown that women aged ,21 years
who have a BMI,25 kg/m2 could poten-
tially be excluded from screening because
GDM prevalence is low in this subgroup.
This would incur a cost-saving, but this
cohort is small and comprises 2% of the
entire group.
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