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Abstract
Objective:To observe the frequency of gestational diabetes mellitus (GDM) and assess the impact of
WHO 1999 and 2013 criteria.The study also explored diagnostic efﬁciency of Diabetes in Pregnancy
Study Group India (DIPSI) cut-off for mothers doing 75g oral glucose tolerance test (OGTT) in fasting
state.
Methods: 320 pregnant subjects(age: 26.36±4.81 yrs, BMI: 25.39±4.15 kg/m2; mean ± SD) were
screened for GDM by 75g OGTT. Among those with normal glucose tolerance (NGT, n=100) before 24
weeks of gestation, 57 repeated the test between 24 to 28 weeks, others failed to respond. Final status
was discriminated on basis of either or both of WHO criteria1999 and 2013. Glucose assay was done by
glucose-oxidase method.
Results: Overall frequency of abnormal glucose tolerance (AGT) was 40.9% (131/320). By WHO 2013
criteria, 30.0% (96/320) were GDM and 5.3% (17/320) were diabetes (DM) in pregnancy, while31.9%
(102/320) GDM by WHO 1999 criteria (including repeat test). Of mothers undergoing (57/100) repeat test,
17.6% (10/57) by WHO 2013 and 19.3% (11/57) by WHO 1999 criteria showed AGT. On extrapolation of
data (all attended in fasting state), frequency of AGTwas 31.3% (100/320; GDM-26.3%, 84/320 and DM5.0%, 16/302) by DIPSI cut-offwhich wasexactlysimilar to WHO 1999 criteria (GDM-31.3%; 100/320),but
differs from WHO 2013 criteria (GDM 27.2%; 87/320 and DM in pregnancy 5.0%; 16/320). Despite good
agreement, some 13.3% (29/218) of NGT by 1999 had intolerance by 2013 criteria; conversely, 8.7% (18/207)
of NGT by 2013 had intolerance by 1999 criteria (κ=0.671; p<0.0001). Likewise, 22.6% (19/84) of GDM by
DIPSI were NGT by WHO 2013; and 25.3% (22/87) of GDM by WHO 2013 were NGT by DIPSI (κ=0.721;
p<0.0001). However, AGT and NGT for DIPSI and WHO 1999 on individual basis was exactly same
(McNemar’s test). 32 having 02h glucose between 7.8-8.5 mmol/L were GDM by WHO 1999/DIPSI cut-off;
but only 13 among them could be detected by WHO 2013 criteria (04 by fasting and 09 by 01h value). Out of
60 having 01h value≥10.0 mmol/L,12 were diagnosed solely by 01h value by WHO 2013 criteria; of these 12,
DIPSI could pick 09 GDM by 02h value.
Conclusion: Frequency of GDM seems alarming in Bangladesh. Despite near similar overall frequency,
judged on individual basis,efficiency of DIPSI/WHO 1999criteria for GDM screening of mothers doing 75g
OGTT in fasting state appears more feasible and convenient.Disparity of WHO 2013 criteria with DIPSI/
WHO 1999is attributable to low cut-offs for fasting and relaxation of 02h valuein WHO 2013 criteria that
might be liquefied by reduction of 02h value of the WHO 2013 criteria instead of putting emphasis on fasting
and 01h value.
Keywords: GDM,WHO 1999 and 2013 criteria, DIPSI cut-off value
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Introduction

(i.e. GDM and Diabetes in Pregnancy) based upon the

Prevalence of GDM ultimately reﬂects the background

severity of hyperglycemia detected during a standard
75gram OGTT at any time during pregnancy (13). The

rate of type 2 DM in the respective population (1,2).
Along with the current epidemic of diabetes mellitus,
the prevalence of GDM has increased worldwide over
the last generation and occurs in 1% to 28% of all
pregnancies, varying substantially between populations
and the diagnostic criteria used (1,3). There has been
much confusion internationally regarding the optimal
method of diagnosing GDM. The consequent variability
with regards to the optimal screening and diagnostic
criteria haslimited the probability of comparison between

IADPSG criteria require three samples (fasting, 1h and
2h after 75g glucose).Despite the ﬁndings of HAPO
and the consequent IADPSG criteria, the dream of
universally acceptable diagnostic criteria in terms of both
efﬁcacy and acceptability remains elusive. Meanwhile,
different authorities have continued to constantly pursue
the search for an ideal criterion. Diabetes in Pregnancy
Study Group India (DIPSI) has proposed a simpliﬁed one
step screening approach for GDM in this regard, which

different studies conducted (4, 5). In Bangladesh, a cross
sectional institution based study completed in 2012

may be very useful at community level particularly in a
low resource-high prevalence setting (14).

showed that the prevalence of GDM was 13.2% in the
rural population as per the WHO 1999 criteria which is

In this paper, we have applied the WHO 1999 and

quite high (6).In contrast, a recent study inDepartment
of Endocrinology,Bangabandhu Sheikh Mujib Medical
University (BSMMU) has observed far higher frequency
(over 40%) of GDM among pregnant women who were
done OGTT irrespective of gestational age (29).
Till date, though not based on studies with maternal and
fetal outcomes, to standardize the diagnosis of GDM,
theWHO in 1999 recommended 2-hour 75g OGTT
with 2h cut-off value of 7.8 mmol/lfor simplicity
and acceptability which was later found to predict
the neonatal outcomes in a fairly robust manner (79). WHO criteria need two samples (fasting and 2h),
although in practice, only the 2h cut-off is used (10).
In 2010, the International Association of Diabetes
and Pregnancy Study Group (IADPSG) proposed a
new set of diagnostic criteria for GDM, in light of the
results of the Hyperglycemia and Adverse Pregnancy
Outcomes (HAPO) study in an attempt to unify the
GDM criteria throughout the world which was adapted
by the American Diabetes Association (ADA) in 2013
(4,11,12).Taking into consideration the ambiguity with
regards to fasting plasma glucose values in the WHO
1999 guideline and in an attempt to unify the diagnostic
procedure and cut-offs worldwide, the diagnostic criteria
and classiﬁcation of hyperglycemia ﬁrst detected during
pregnancy recommended by the WHO in 2013 decided to
accept a new set of diagnostic criteria as proposed by the
IADPSG and also the need for distinguishing between
diabetes in pregnancy and GDM, which was ﬁrst brought
into light by IADPSG but proposed a slightly different
terminology – (diabetes rather than overt diabetes
proposed by IADPSG). The WHO 2013 recommendation
therefore proposed a distinction between the two entities
14 | JCD | VOL 2 | NO. 2 | JUL - SEPT 2015

WHO 2013 (IADPSG) cut-off values, and compared the
two criteria with respect to their impact on diagnosing
GDM among pregnant women seen at the ‘GDM Clinic’
in BSMMU. We also explored diagnostic efﬁciency
of DIPSI cut-off for mothers doing 75g oral glucose
tolerance test (OGTT) in fasting state.

Methods
Study subjects
This study encompassed 320 pregnant women irrespective
of gestational age and risk factors who were screened for
GDM by 03 sample 75g OGTT. Informed written consent
for participation in the study was taken from each subject.
Those with known pre-existing diabetes and history of
GDM in previous pregnancy were excluded from the
study. Characters of study subjects are shown in Table-I.
Subjects performing OGTT before 24 weeks of gestation
and found to have normal glucose tolerance (NGT) as per
the WHO 2013 criteria were asked for a repeat OGTT
between 24 – 28 weeks of gestation. Out of 100 subjects
with NGT before 24 weeks of gestation, 57 repeated the
test between 24 to 28 weeks, others failed to respond.
Final status was discriminated on the basis of fulﬁllment
of either/both the WHO 2013 and 1999 criteria.

Study design and analytic method
It was a cross-sectional study carried out at the ‘GDM
Clinic’ in the Department of Endocrinology, BSMMU,
Dhaka from January to December 2014. Pregnant
women irrespective of gestational age wererecruitedon
consecutive basis for the study. No preparatory diet was
given and each eligible candidate was advised to attend
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the ‘GDM Clinic’ between 8am - 9am in the morning

Comparison between the frequencies detected by two

after an overnight fasting of at least 8 hours, but not

criteria was done by Kappa-test orMcNemars’s test and
for parametric variables by one way ANOVA. P values

exceeding 14 hours to be challenged by 75g OGTT. Any
subject falling at the 24th week of gestation or later,but

0.05 was considered statistically signiﬁcant.

found NGT was not done repeat OGTT.

Results
Statistical analysis

As shown in Table-I, following WHO 2013 criteria,

All data were analyzed by the use of SPSS program
(Version 22.0) and expressed as mean±SEM or in

out of 320 subjects 96 were found GDM, 17 diabetes
in pregnancy and 207 NGT. Mean (±SD, yr.) age of the

frequency or percentage unless mentioned otherwise.

subjects fell into third decade (26.4±4.8); highest in the

Table-I: Characteristics of studied subjects
Characters/variables

All subjects**

GDM

DM in preg

NGT

p

N

320

96

17

207

Age (mean ±SD, yr)

26.4±4.8

27.0±4.8

30.0±5.2

25.8±4.6

<0.001

BMI (mean ± SD, kg/m2)

25.4±4.2

26.8±4.1

26.5±3.3

24.6±4.0

<0.001

Family history of DM

126 (39.4)

47 (48.5)

10 (62.5)

69 (33.6)

<0.006

History of abortion

100 (31.3)

29 (29.9)

04 (25.0)

67 (32.4)

0.203

(Within parenthesis are percentages over column total)
Status on basis of WHO 2013 criteria and includes repeat test for subjects having NGT before 24 weeks of gestation.
BMI: body mass indexGDM: gestational diabetes mellitus

NGT: normal glucose tolerance

(Satisfaction of any one of the plasma glucose values is sufﬁcient for diagnosis)

WHO Diagnostic criteria of GDM and ‘DM in
pregnancy’
WHO 1999

Glucose values

WHO 2013 criteria

criteria
GDM

GDM

DM in
pregnancy

FPG

(mmol/l)

7.0

1h PG (mmol/l)

None

2h PG (mmol/l)

7.8

5.1-6.9

7.0

10.0

None

8.5-11.0

11.1

(Satisfaction of any one of the plasma glucose
values is sufﬁcient for diagnosis)
DIPSI

02 hr plasma

criterion

glucose (02h PG):

Status

>11.1 mmol/L

DM

7.8-11.0 mmol/L

GDM

6.7-7.7 mmol/L
<6.7 mmol/L

Gestational glucose
intolerance
Normal

DIPSI= Diabetes in Pregnancy Study Group India,
PG = plasma glucose
Glucose assay was done by glucose-oxidase method
(Dade Behring machine).

group of DM in pregnancy (30.0±5.2) followed by GDM
(27.0±4.8) and NGT (25.8±4.6) respectively (p<0.001).
Overall BMI (kg/m2, mean±SD) was higher (all subjects:
25.4±4.2; GDM: 26.8±4.1; DM in pregnancy: 26.5±3.3
and NGT: 24.6±4.0 respectively; p<0.001). Unlike
history of abortion (p=NS among groups), overall 40% of
subjects had family history of diabetes; however, highest
frequency was observed in DM in pregnancy followed by
GDM and NGT (62.5% vs. 48.5% vs. 33.6%; p<0.006).
Overall frequency (including repeat test) of abnormal
glucose tolerance (AGT) was 40.9% (131/320) when
results considered in light of both WHO criteria. By
WHO 2013 criteria 30% (96/320) were GDM and 5.3%
(17/320) were diabetes (DM) in pregnancy; but GDM by
WHO 1999 criteria was 31.9% (102/320) that included
repeat test (Fig-1).Among mothers responding (57/100)
for repeat test, 17.6% (10/57) by WHO 2013 criteria and
19.3% (11/57) by WHO 1999 showed AGT.Frequency
of AGT on initial screening by extrapolation of data for
DIPSI was 31.3% (GDM 26.3%; 84/320 and DM 5.0%;
16/302), exactly same as WHO 1999 criteria (31.3%,
100/320); but differed from that of WHO 2013 criteria
(GDM 27.2%; 87/320 and DM in pregnancy 5.0%;
16/320) (Fig-2).
Comparison between WHO 1999 and 2013 criteria for
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AGT in pregnancy revealed that 13.3% (29/218) of NGT

higher than that as reported in previously carried out

by 1999 had intolerance by 2013 criteria; conversely,

pilot studies wherein prevalence rates of around 10% and
13%were reported in the rural population of Bangladesh

8.7% (18/207) of NGT by 2013 had intolerance by
1999 criteria ( =0.671; p<0.0001). 32 having 02h
glucose between 7.8-8.5 mmol/L were GDM by WHO
1999/DIPSI cut-off; but only 13 among them could be
detected by WHO 2013 criteria (04 by fasting and 09 by
01h value). Out of 60 having 01h value 10.0 mmol/L,

using WHO 1999 criteria (6,15). DIPSI criterion is
equally effective as WHO 1999 criterion at least in the
fasting state and differs very little from the WHO 2013
in terms of overall frequency in picking up abnormal
glucose status. The minor disparity of WHO 2013 criteria

12 were diagnosed solely by 01h value by WHO 2013
criteria; of these 12, DIPSI could pick 09 GDM by 02h

from that of WHO 1999 and DIPSI is attributable to low
cut-offs for fasting and relaxation of 02h PG by WHO

glucose value (Table-II). Similarly, 22.6% (19/84) of

2013 criteria which might be liqueﬁed by reduction of
02h value of the criteria. Moreover, pick up of abnormal

GDM by DIPSI were NGT by WHO 2013; and 25.3%
(22/87) of GDM by WHO 2013 were NGT by DIPSI
( =0.721; p<0.0001; Table-III). However, AGT and
NGT for DIPSI and WHO 1999 on individual basis was
exactly same (Table-IV).

status solely by 01h PG value of WHO 2013 criteria are
mostly encompassed by the 02h PG value of DIPSI/

Discussion

WHO 1999 criteria diluting the importance the 01h PG
estimation of WHO 2013 criteria.
In 1999, WHO published the diagnostic criteria for GDM
wherein pregnant women fulﬁlling the WHO criteria for

Frequency of GDM in Bangladesh seems alarming, far

DM or IGT in non-pregnant adults were classiﬁed as

Fig-1:Overall frequency of AGT according to WHO 2013 and 1999 criteria

40
35
30
25
DM
20

GDM

15
10
5
0
DIPSIW

HO 1999

WHO 2013

Fig-2. Frequency of AGT on initial test according to three different criteria
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having GDM (16). Because of the inherent contradiction
in the diagnostic criteria that recommended the IGT cut-

Table-IV:Frequency of AGT and NGT by DIPSI and

off in non-pregnant adults but completely ignored the
IGF entity in the diagnosis of GDM, which appeared

WHO 1999 criteria

WHO 1999

more overtly discrepant when the ADA lowered its
fasting cut-off from 110mg/dl to 100mg/dl, although
there has been some studies encompassing both cut-offs
(17), majority of the subsequent studies chose to ignore

Total

criteria
DIPSI cut-off

AGT

NGT

the fasting cut-off ( 7.0mmol/L) and use only the 02h
cut-off of 7.8 mmol/L of the WHO 1999 criteria for

AGT

100

0

100

NGT

0

220

220

diagnosis of GDM although there was never any ofﬁcial

Total

100

220

320

recommendation from WHO to drop the FPG cut-off

AGT: abnormal glucose tolerance; NGT: normal glucose
tolerance by McNemar’s test

Table-II: Agreement/Disagreement of two tests by

DIPSI: Diabetes in Pregnancy Study group India

using the conventional cut-off values for diagnosis
(initial event)
WHO 2013

Total

WHO 1999

AGT

NGT

AGT

84

18 (8.7)

102

NGT

29 (13.3)

189

218

Total

113

207

320

(Within parenthesis are percentages over group total)
byKappa test, κ=0.671; p<0.0001
AGT: abnormal glucose toleranceGDM: gestational
diabetes mellitusNGT: normal glucose tolerance.
[32 mothers having 02h glucose between 7.8-8.5 mmol/L were
GDM by WHO 1999/DIPSI criteria; but only 13 among them
could be detected by WHO 2013 criteria (04 on the basis of
fasting and 09 by 01h value). Out of 60 mothers having 01h cutoff value >10.0 mmol/L, 12 were solely diagnosed by 01h value;
of these 12, DIPSI could pick 09 GDM by 02h value]

Table-III:Agreement/Disagreement of DIPSI cutoff and WHO 2013 criteria for diagnosis of GDM
(N=304)
WHO 2013

Total

criteria
DIPSI cut-off

GDM

NGT

GDM

65

19 (22.6)

94

NGT

22 (25.3)

198

220

Total

87

217

304

(Within parenthesis are percentages over group total) by Kappa test,
κ=0.721; p<0.0001
16 subjects were DM in pregnancy by WHO 2013 and DIPSI
GDM: gestational diabetes mellitusNGT: normal glucose
tolerance
DIPSI: Diabetes in Pregnancy Study group India

and use only 02h cut-off of 7.8 mmol/L for diagnosis
of GDM (10,18). Thus, similar to the ﬁndings observed
in previous studies, our study observed absolutely no
discrepancy at all in the frequencies of GDM detected
solely by 02h cut-off of WHO 1999 and the one observed
encompassing the fasting cut-off together with 02h
value. The IADPSG advocated method and cut-offs
for the screening and diagnosis of GDM based upon
ﬁndings of HAPO which has been accepted by WHO in
2013 expected to generate widespread acceptance and
universality in terms of the much debated issue of ideal
screening method and diagnostic cut-offs (13). However,
despite substantial HAPO-based evidential backup which
demonstrated a contiguous increase in adverse pregnancy
outcomes at plasma glucose cut-offs at values even below
the diagnostic cut-offs proposed (19), concerns have
been expressed over the possibility of an overwhelming
increase in the prevalence of GDM that could result
from the low-set cut-off for fasting plasma glucose in the
IADPSG criteria that could endure a substantial economic
burden on the health system likely to be unbearable
for the low economy nations (4). Furthermore, citing
the possibility of the likely overwhelming increase in
prevalence, certain national authorities who constituted a
part of IADPSG in the beginning have withdrawn at the
point of acceptance of the ﬁnally proposed criteria even
expressing concerns on the validity of HAPO ﬁndings and
the possible future need of more cut-off based outcome
studies for ﬁnal validation (5). Additionally, the rationale
behind the inclusion of 01hr. plasma glucose value in
the diagnostic criteria and the noticeable relaxation of
02hr. value compared to the previous widely accepted
2 hr. cut-off of 7.8mmol/l also raised concerns about
the possibility of missing the diagnosis in a signiﬁcant
JCD | VOL 2 | NO. 2 | JUL - SEPT 2015 | 17
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number of subjects and ultimately depriving therapeutic

prone to the complications of GDM, compared to those

intervention.In terms of adverse pregnancy outcomes,

with risk factors (1).It has also been predicted that over

review of previous outcome based studies have revealed
that though both WHO 1999 and IADPSG criteria detect

the next two to three decades, approximately 80 million
women of the reproductive age group worldwide would

adverse outcomes with minor discrepancies, the quality
of evidence is higher for WHO 1999 criteria based

have diabetes and of these over 25% would be conﬁned
to the south east Asian belt alone, creating a potential for

results as the few IADPSG based outcome studies till
date revealed inconsistent results. Furthermore, it is

extremely high rates of maternal and infant morbidity
(25). So, in a high risk population like ours where timely

noteworthy that though IADPSG criteria classiﬁes as
having GDM a larger number of true positives, it appears

and effective antenatal evaluation is still a distant dream,
pregnant women not known to have pre-existing glucose

that they classify as having GDM a larger proportion of

abnormalities should directly be subjected to a 75gm

women who will not develop adverse outcomes. Most
strikingly, it has also been observed that most of the

OGTT at the ﬁrst antenatal visit and undergo a repeat
testing at 24-28 weeks of gestation if initial test result is

adverse events occurred in women not classiﬁed as GDM
(13). This has raised a serious question that whether
the cases labeled as GDM were actually true positives

within normal limits on a universal basis.

and those labeled NGT and later developed adverse
outcomes true negatives raising serious questions with

NGT before 24 weeks were found to have AGT in the
repeat test after 24 weeks of gestation. In a study carried

regards to the low fasting cut-off which probably is the
principle contributor of false positive percentage and

out in Nigerian women (high risk ethnicity), the crude
prevalence of GDM was 13.9% of which 17.4% were

undue relaxation of 02hr. valuethat must be responsible
for false negatives/missed diagnosis ultimately being

detected to have GDM during the ﬁrst trimester of
pregnancy (26). Furthermore, a study carried out in India

deprived of treatment culminating into adverse outcome
(13).These ﬁndings has provided a strong foundation for

showed that pregnant women irrespective of the glycemic
levels in the early weeks of pregnancy progressed to

implementation of a single cut-off (02h PG 7.8 mmol/L)
screening and diagnostic criteria for GDM which could

GDM in the subsequent visit indicating that no glycemic
levels in the early weeks of pregnancy predicts GDM,

well be the DIPSI proposed criteria (14).

therefore, emphasizing the importance of rescreening in
the subsequent visits in women who were initially tested

Though it seems a bit away from the main focus of
discussion in this paper, it was observed that higher

negative for GDM (27). Our group has also observed
similar ﬁndings in other pilot studies (28). Therefore, it

age, increased weight and family history of DM but
not history of miscarriage may be attributable to AGT

may be wise to do the test as early as possible during
pregnancy in order to reduce AGT related adverse

in pregnancy. As a matter of fact, there are lot many
evidences supporting these ﬁndings (20-22).
There had been differences of opinion regarding the
optimum time of OGTT during pregnancy for detection
of glucose intolerance. Certain authorities support for
testing at 24-28 weeks of gestation in women with risk
factors for GDM in view of the maximum likelihood
of glucose intolerance attributed to pregnancy induced
insulin resistance to occur at this time frame provided
pre-existing glucose intolerance has been excluded.
Compared with the risk factor based selective screening,
universal screening for GDM detects more cases and is
associated with a better perinatal outcome but at the
cost of increased number of screening tests and therefore
increased expenditure (1,3,4,23,24). There are additional
data demonstrating that women without risk factors for
GDM but ultimately diagnosed to have GDM are no less

pregnancy outcomes which might precede the detection
of AGT at later part.
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We have observed that a good number of subjects with

In the present study, frequency of AGT following WHO
2013 and 1999 criteria were not too differing, rather
were signiﬁcantly similar statistically (by Kappa test)
in regards to overall assessment. However, it is worth
mentioning that, on the basis of individual assessment of
each mother in light of these diagnostic criteria, WHO
1999 and DIPSI cut-off were exactly similar and both of
them differ from WHO 2013 criteria in discriminating
individual mother’s glycemic status.Moreover, subjects
with 2h glucose value falling between 7.8-8.5 mmol/L
are diagnosed as GDM by WHO 1999/ DIPSI criteria but
not by WHO 2013 criteria; furthermore important is the
fact, as we have observed, more than 50-60% of them
are missed by WHO 2013 despite the low-set fasting
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and inclusion of 01h glucose value. Conversely, near all
mothers who show high 01h glucose (>10.0mmol/L) and

2012 (Online)
7.

picked as AGT by WHO 2013 criteria solely on its basis,
can also be identiﬁed their AGT by the single low-set
02h value of DIPSI as well as by WHO 1999 criteria.
Thus it would appear that DIPSI cut-off is easily feasible
and adaptable criteria with more than satisfactory yield
at least for OGTT done in fasting state. It must be
mentioned here that we have not compared these results
following performance of the test in non-fasting state of
the mother. However, in broader scale it has been checked
and validated in India to have the same diagnostic pickup rate as when performed in the fasting state with a
huge beneﬁt of serving as both screening and diagnostic
tool and additionally causing minimal disturbance to the
pregnant woman’s lifestyle (29). Thus, DIPSI is one-step
approach and very convenient for grass-root community
level in a low resource society.
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The only true wisdom is in knowing you know nothing.
— SOCRATES
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