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ABSTRACT

Background: The oral glucose tolerance test (OGTT) is considered the current standard for diagnosis of gestational
diabetes mellitus (GDM). International association of diabetes and pregnancy study groups (IADPSG) recommends
OGTT, with fasting, one-hour and two-hour venous blood samples drawn after intake of 75g oral glucose. In the
Indian context, diabetes in pregnancy study group in India (DIPSI) recommends glucose challenge test (GCT), where
75 g glucose is given irrespective of the fasting state, and a single venous sample is drawn after two-hour. Diagnosis
of GDM is made, if any cut-off value is met or exceeded. This prospective study was conducted to compare the DIPSI
and IADPSG criteria for diagnosis of GDM.

Methods: Pregnant women between 24 to 28 weeks of gestation were subjected to non-fasting GCT. Capillary
sample were also drawn simultaneously using Accu check active glucometer. These women were counselled to
undergo a standard 75gram OGTT, within a week of recruitment.

Results: According to IADPSG criteria, 17.6% (18/102) of our participants had GDM, as compared to 19.6%
(20/102) by DIPSI criteria using venous samples, and 25.3% (25/99) by capillary sample method. Sensitivity and
specificity of GCT using venous sample was 72.22% and 91.67%, and using capillary sample was 70.59% and
84.15% respectively. DIPSI criteria using venous samples wrongly labelled 8.3% women as GDM, and capillary
samples wrongly labelled 15.9% women as GDM. More importantly DIPSI criteria using venous samples labelled
27.8% women as false-negative and capillary samples labelled 29.4% women as false-negative for GDM. Almost one
quarter of women with GDM will be missed if DIPSI criteria is used as a universal screening modality.

Conclusions: We suggest that the IADPSG criteria be used for diagnosis of GDM in antenatal women in India.

Keywords: Diabetes in pregnancy study group in India, Gestational diabetes mellitus, International association of
diabetes and pregnancy study groups, Oral glucose tolerance test, Preghancy

INTRODUCTION

Pregnancy is associated with insulin resistance (IR) and
hyperinsulinemia that may predispose some women to
develop diabetes mellitus. Gestational diabetes mellitus
has been described as any degree of glucose intolerance
with an onset, or first recognition during pregnancy. The

International association of diabetes and pregnancy study
groups (IADPSG) classify hyperglycemia first detected
during pregnancy as either “overt diabetes” or
“gestational diabetes mellitus (GDM)”.!

In 2013, the World Health Organization (WHO) also
recommended that hyperglycemia first detected during
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pregnancy be classified as either “diabetes mellitus (DM)
in pregnancy” or “GDM”.2

A number of risk factors are associated with the
development of GDM. The common risk factors are
obesity, older maternal age, past history of GDM, strong
family history of diabetes mellitus, member of an ethnic
group with a high prevalence of type-2 diabetes mellitus
(T2DM), polycystic ovarian syndrome, and persistent
glucosuria.® A history of delivering big baby (birth
weight > 4000 g), history of recurrent abortions, history
of unexplained stillbirths, and history of essential
hypertension, or pregnancy-related hypertension are other
risk factors for GDM. Screening for GDM is advocated to
be done at the first visit if the patient has any high-risk
factors as mentioned above.* However, if the results of
the first test are normal or the patient does not have any
high-risk factors, then the screening test is done during
second trimester, i.e. at 24-28 weeks of gestation due to
increasing  insulin  resistance.  IADPSG  have
recommended oral glucose tolerance test (OGTT) as a
diagnostic method for GDM. The same was adopted by
WHO in 2013.5 A pregnant woman is counselled to come
for the test after overnight (8 hours) fasting. The plasma
glucose level is measured in a fasting state and then
anhydrous 75 g glucose is given in a glass (250-300 ml)
of water, to drink over 5 to 10 minutes. Plasma glucose
level is measured again after 2 hours. During pregnancy,
if fasting plasma glucose is > 92 mg/dl and two-hour
value is > 153 mg/dl, gestational diabetes mellitus is
diagnosed. As per WHO there are no established criteria
for the diagnosis of diabetes based on the 1-hour post-
load value as advocated by IADPSG.

The diabetes in pregnancy study group India (DIPSI) has
established the practice guidelines for GDM for the
Indian environment.® Due to high prevalence of GDM,
screening is essential for all Indian pregnant women.
DIPSI recommends a glucose challenge test (GCT),
wherein, a pregnant woman has to be given a 75 g oral
glucose load with a glass (250-300 ml) of water,
irrespective of the fasting status. After 2 hours, a venous
blood sample is collected for estimating plasma glucose
level. The Indian criteria for diagnosis of GDM, as
defined by DIPSI, is two-hour plasma glucose level of
140 mg/dl or more.”

This “single-step procedure” was developed due to the
practical difficulty in performing glucose tolerance test in
the fasting state, as seldom pregnhant women visiting the
antenatal clinic for the first time come in the fasting state.
If they are asked to come on another day in the fasting
state many of them do not return. This one step procedure
is simple, economical and convenient for the patients.®

Dilemma concerning optimal strategy for diagnosis of
GDM still remains, with different national and
international bodies recommending different guidelines
for diagnosis of GDM.® In view of the above, this
prospective study was conducted to compare the DIPSI
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and IADPSG criteria for diagnosis of GDM, in our
tertiary care center in rural Bengaluru.

METHODS

This cross-sectional prospective study was conducted at
an antenatal clinic in a tertiary care hospital, in rural
Bangalore. 106 pregnant women between 24 to 28 weeks
of gestation were recruited by simple random sampling
method, on the basis of a predefined inclusion and
exclusion criteria. An initial assessment of patient was
performed including detailed history (any family history
of diabetes, history of previous pregnancies,
socioeconomic status etc.), general examination including
calculation of body mass index (BMI), and an obstetric
examination was performed.

All women who consented for the study were subjected
to non-fasting 75 g GCT on the same day irrespective of
her fasting status. A venous sample was drawn after two
hour of glucose intake. Simultaneously, a capillary blood
sample of patient was tested, using ‘Accu check active’
glucometer, from ‘Roche diagnostics’. These women
were counselled to undergo a standard 75gram OGTT,
within a week of recruitment. OGTT was performed after
an overnight fasting of at least 8 hours. Fasting sample,
one hour and two-hour venous samples were drawn, and
plasma glucose measurements were carried out with an
automated analyzer using the glucose oxidase enzymatic
calorimetric assay. GDM was diagnosed according to
standard IADPSG criteria and the diagnosis was made
when any of the following thresholds were met or
exceeded: Fasting: > 92 mg/dL, one hour: > 180 mg/dL,
two hours: > 153 mg/dL. SSPS 21.0 was used for
statistical analysis and p-value less than 0.05 was taken as
statistically significant.

Inclusion criteria

e All consenting pregnant women in second trimester
between 24-28 weeks.

Exclusion criteria

e Known pre-gestational diabetes
e Chronic renal/ cardiac/ hepatic/ respiratory diseases
e Taking drugs that alter glucose metabolism.

RESULTS

A prospective study was carried out among 106 pregnant
women between 24 -28 weeks of gestation. A total 102
antenatal women were included in the final analysis, 4
patients were excluded as 3 patients did not follow up for
OGTT and 1 patient was diagnosed with anomalous fetus
at 24 weeks. Capillary blood glucose data was not
available for 3 women and hence they were excluded and
only 99 women’s data was analyzed for DIPSI criteria
using capillary blood glucose values.

Volume 9 - Issue 2 Page 602



Saxena RK et al. Int J Reprod Contracept Obstet Gynecol. 2020 Feb;9(2):601-606

The mean age of our study participants was 23.74+4.02,
minimum age was 18 years and maximum age was 34
years (95% Cl 22.95 to 24.52). The mean of pre-

pregnancy body mass index (BMI) was 22.82+3.52
kg/m?, minimum BMI was 16 Kg/m? and maximum was
33 Kg/m? (95% CI 22.13 to 23.51) (Table 1).

Table 1: Age and pre-pregnancy BMI in studied cases.

Parameter Mean+SD Median
Age 23.74+4.02 23.00
Pre-pregnancy BMI 22.82+3.52 22.00

. 95% CI
Min Miax Lower Upper
18.00 34.00 22.95 24.52
16.00 33.00 22.13 2351

Table 2: Prevalence of GDM based on different criteria.

Cut-off

Fasting > 92 (or)
1 hour > 180 (or)
2 hours > 153

Criteria

IADPSG (n = 102)

Any one of the above-

mentioned criteria
2 hours > 140
2 hours > 140

DIPSI by venous glucose (h = 102)
DIPSI by capillary glucose (n = 99)

Number (positive Percentage 95% CI

1

8

9 17.6 11.5-26.2
18

20 19.6 13.1-28.4
25 25.3 17.7-34.6

Table 3: Comparison of IADPSG with DIPSI venous samples for diagnosis of GDM.

IADPSG-GDM

DIPSI capillary GDM (n = 99)

Positive (n = 17)
12 (70.6%)
5 (29.4%)

Positive (n = 25)
Negative (n = 74)

Chi square p-value

Negative (n = 82)
13 (15.9%)

69 (84.1%) 22349

<0.001

Table 4: Comparison of IADPSG with DIPSI capillary sample for diagnosis of GDM.

IADPSG-GDM
Positive (n = 17)

DIPSI capillary GDM (n = 99)

Chi square p-value

Negative (n = 82)

Positive (n = 25)
Negative (n = 74)

12 (70.6%)
5 (29.4%)

Among the study population 41 (40.20%) women were
primigravida. 9 (8.82%) participants were obese, 18
(17.65%) had family history of diabetes mellitus, 4
(3.92%) had bad obstetric history, 1 (0.98%) had
macrosomia in previous pregnancy.

Of the 102 women screened, 18 (17.6%) were diagnosed
to have GDM by the IADPSG criteria. Screening with
DIPSI criteria using venous samples and DIPSI criteria
using capillary samples identified 20 (19.6%) and 25
(25.3 %) women to have GDM respectively (Table 2).

Among the 18 women diagnosed as GDM by IADPSG
criteria, only 13 (72.2%) were diagnosed as GDM by
DIPSI criteria using venous samples and remaining 5
(27.8%) GDM women were labelled as non-diabetic.
Among the 84 women diagnosed as non-diabetic by
IADPSG criteria, 7 (8.3%) women were falsely labelled
as diabetic by DIPSI criteria using venous samples. The
difference in the proportion of GDM women as
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13 (15.9%)

69 (84.1%) 22.349

<0.001

diagnosed by two criteria was statistically significant. (p
value < 0.001) (Table 3).

Senstivy (%)
Sensiiviy (%]

Figure 1: Predictive value of DIPSI venous and
capillary sample in predicting IADPSG-GDM.

Of the 99 women studied for capillary blood samples, 17

women were diagnosed as GDM by IADPSG criteria,
only 12 (70.6%) were diagnosed as GDM by DIPSI
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criteria using capillary blood samples and remaining 5
(29.4%) women were labelled as non-diabetic. Among
the 82 women diagnosed as non-diabetic by IADPSG
criteria 13 (15.9%) women were falsely labelled as
diabetic by DIPSI criteria using capillary blood samples.
The difference in the proportion of GDM women as
diagnosed by two criteria was statistically significant (p-
value < 0.001) (Table 4).

The DIPSI venous sample had good predictive validity in
predicting IADPSG GDM, as indicated by the value of
0.893 (95% CI 0.0 to 0.809, p-value < 0.001) for area
under the Receiver Operating Characteristic (ROC)
Curve. The DIPSI capillary sample also had good
predictive validity in predicting IADPSG GDM, as
indicated by area under the curve of 0.869 (95% CI 0.000
to 0.774, p-value < 0.001) (Figure 1).

Table 5: Predictive validity of DIPSI venous and capillary sample in predicting IADPSG diagnosed GDM.

DIPSI venous sample (n = 102

Value 95% Cl

Upper Lower Upper
90.31% 70.59% 44.04% 89.69%
96.58% 84.15% 74.42% 91.28%
16.42% 15.85% 8.72% 25.58%
53.48% 29.41% 10.31% 55.96%
84.61% 48.00% 27.80% 68.69%
97.99% 93.24% 84.93% 97.77%
93.77% 81.82% 72.80% 88.85%
18.305 4.45 1.15 9.355
0.64 0.35 0.07 0.734

Parameter Value 95% Cl
Lower
Sensitivity 72.22%  46.52%
Specificity 91.67%  83.58%
False positive rate 8.33% 3.42%
False negative rate 27.78%  9.69%
Positive predictive value 65.00%  40.78%
Negative predictive value 93.90%  86.34%
Diagnostic accuracy 88.24%  80.35%
Positive likelihood ratio 8.67 1.38
Negative likelihood ratio 0.30 0.09

Based on venous blood sample, DIPSI criteria had a
sensitivity of 72.22% (95% CIl 46.52% to 90.31%) in
diagnosing GDM, when compared to IADPSG criteria.
Specificity by venous blood sampling was 91.67%. Using
capillary blood sample, DIPSI criteria had a sensitivity of
70.59% (95% Cl 44.04% to 89.69%) in diagnosing
GDM, when compared to IADPSG criteria. Specificity
by capillary blood sampling was 84.15%. The regression
analysis p-value of < 0.001 indicates high proportional
bias between the two measurements. The single measures
intra class correlation of 0.745 (95% CI 0.645 to 0.82)
indicates moderate level of agreement between the
capillary and venous blood glucose values (Table 5).

DISCUSSION

Diabetes mellitus (DM) a is chronic metabolic disorder
characterized by hyperglycemia resulting from defects in
insulin secretion, insulin action or both. There seems to
be an increasing prevalence of GDM.'® Screening for
GDM is usually done at 24-28 weeks of gestation
because insulin resistance increases during the second
and third trimester and glucose levels rise in women who
do not have the ability to produce enough insulin to adapt
to this resistance.!* The two main diagnostic criteria that
are used for the diagnosis of GDM are the IADPSG
Criteria and in India the government recommends DIPSI
criteria.'?

In the current study the prevalence of GDM based on
IADPSG criteria was 17.6% (n = 18). The prevalence of
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GDM based on DIPSI criteria using venous blood
samples was 19.6 % (n = 20) and based on DIPSI criteria
using capillary blood samples was 25.3% (n = 25). Using
DIPSI criteria for the diagnosis of GDM, is going to hike
up the real prevalence rates of GDM in the country.

Using IADPSG criteria as the gold standard, DIPSI
criteria using venous samples wrongly labelled 8.3%
women as GDM, and DIPSI criteria using capillary
samples wrongly labelled 15.9% women as GDM. This
highlights the problem of false-positive cases diagnosed
by the DIPSI criteria adding to the prevalence rates.

More worrisome is the problem of missing out the
genuine GDM cases when DIPSI criteria is used. DIPSI
criteria using venous blood samples had a sensitivity of
72.22%, and in effect 27.8% women were labelled as
false-negative. DIPSI criteria using capillary blood
samples had a sensitivity of 70.59%, and 29.4% women
were labelled as false-negative. When DIPSI criteria is
used as a universal screening modality for antenatal
women, there is a definite possibility that about one
quarter of women with GDM are missed, leading to
catastrophic consequences for these women and their
neonates.

Similar observations were also made by Srinivasan et al,
Mohan et al, Tripathi et al and Hearth et al suggesting
that DIPSI method had low sensitivity as well as a low
positive  predictive value (PPV) leading to
overdiagnosis.’3® Hence, these studies suggest that the
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use of DIPSI criteria for diagnosing GDM must be
reconsidered.

ROC curves are used to compare the diagnostic
performance of two or more laboratory tests. Accuracy is
measured by the area under the ROC curve. An area of 1
represents a perfect test; an area of 0.5 represents a
worthless test. A rough guide for classifying the accuracy
of a diagnostic test is the traditional academic point
system: 0.90-1 = excellent, 0.80-0.90 = good, 0.70-0.80 =
fair, 0.60-0.70 = poor and 0.50-0.60 = fail. The area
measures ‘discrimination’, that is, the ability of the test to
correctly classify those with and without the disease.
DIPSI criteria is classified as ‘good’. In the case of a
highly prevalent disorder like GDM, any test that is less
than ‘excellent’ should not be acceptable, due to the
associated severe adverse consequences for the mother
and the neonate.

One of the assumptions on which the DIPSI guidelines
were framed was that it is difficult to get pregnant women
to come on an empty stomach for a fasting OGTT 17. In
this study out of 106 pregnant women, 96.2% (n = 102)
women came back in the fasting state for OGTT. Similar
observations were made based on a large-scale study on
Indian women from south India.’* Hence, it is reasonable
to assume that once women are properly counselled, the
compliance for returning back on an empty stomach for a
fasting OGTT would improve due to better motivation.

In many parts of rural India, getting venous blood
samples may not be possible due to lack of trained
manpower or lack of facility. Some authors have
suggested using capillary blood sample with glucometer
may be used for the diagnosis of GDM.!8!° However, the
sensitivity and specificity of capillary blood samples are
unsatisfactory. Capillary blood samples should not
replace venous blood samples for diagnosis of GDM by
any criteria.

The DIPSI criteria for screening and diagnosis of GDM
may still have a place in ‘low resource settings’, for
which it was originally recommended. That is, where
patients are not able to return back to the clinic in a
fasting state for blood test, probably due to financial
constraints, or non-availability of trained phlebotomists
and lack of standardized laboratories to do blood glucose
estimations. Another reason cited for adopting DIPSI
criteria is that it is economical and convenient as only one
blood sample has to be drawn. With the improvement of
health care delivery in India, these pockets of ‘low
resource settings’ in India are limited to small remote
areas of rural India and they too are constantly shrinking
in size. Most of the ‘progressive’ India of today, has
adequate resources and educated women, and it would be
justifiable to recommend a fasting 75 g OGTT as advised
by IADPSG for these pregnant mothers. Although, it
needs additional blood draws and may increase the cost
marginally, this would be justified considering that it
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picks up a greater number of women with GDM
compared to the DIPSI criteria.

One of the limitations of this study is that the data is from
a single, tertiary care center in rural Bengaluru, but it is
unlikely that this would have affected the conclusions
drawn from the study. Secondly, this study had limited
number of study participants.

CONCLUSION

This study demonstrates that the DIPSI criteria would
miss a substantial number of patients with high risk
pregnancies due to GDM. We suggest that the IADPSG
criteria is better for diagnosis of GDM in antenatal
women in India. Current DIPSI guidelines for India may
need to be revisited.
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