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Abstract

Background: Glucose tolerance testing in pregnancy identifles many women with glycaemic responses that exceed
normal range but that do not meet the threshold required to diagnose Gestational Diabetes Mellitus. It is contro-
versial whether maternal hyperglycemia less severe than in diabetes is associated with increased risk of adverse
pregnancy outcome or not. Materials and methods:_All women were subjected to Glucose Challenge Test(GCT)
with 50 gram glucose either at first visit or between 24-28 weeks on the basis of risk profile. High risk cases were
screened at first visit and the rest between 24-28 weeks. Patients with a GCT value =200mg/dl were not subjected
for GTT and were diagnosed as GDM.Value of GCT <140 mg/dl was taken as normal. Irrespective of GCT result,
women were subjected to Oral Glucose Tolerance Test (OGTT) as recommended by WHO with 75 gram glucose
using WHO criteria. Study group was identified with 4 categories with abnormal glucose homoeostasis as defined
by the following criteria:

Abnormal GCT (140 mg/dl) with normal OGTT,

Normal GCT with only Impaired Fasting Glucose(IFG) in OGTT;

Normal GCT with Gestational Glucose Intolerance(GGlI);

Patients diagnosed as GDM:

If fasting is >126mg/dl;

If 2hr OGTT = 140mg/dl & < 199 mg/d|;

If value of either GCT or OGTT >200 mg/dl.

The control group comprised of women with normal GCT and normal OGTT. In all the above groups, adverse prena-
tal outcome and maternal outcomes were evaluated by the primary and secondary outcome measures.
Results:_There were 10 cases (15.3%) of hypertensive disorder of pregnancy in the study group (3 cases of gesta-
tional hypertension in abnormal GCT, 3 cases of pre eclampsia in each GGl and GDM and 1 antepartum eclampsia
in GGI category) and 2 cases in control group (3%) (p=0.03). There were 2 cases of Fetal Growth Reduction (FGR)
and 5 cases of Premature Rupture Of Membranes(PROM) in both study and control group. There was 1 case of
cholestasis of pregnancy in study group. Term inductions were 11 and 13 in the study and control group respec-
tively. Within the study group number of cases induced were more in GGI(n=7) and GDM(n=4) category. There were
14 caesarean sections (21.5%) and 2 (3%) instrumental deliveries among the study group. However there were 6
caesarean sections (9.2%) and no instrumental deliveries among control groups .The rate of elective LSCS is more
in GDM (n=5) vs other 3 categories and the difference is significant (p=0.04) The overall number of LSCS (14 cases)
was significantly higher in GDM.

Conclusion: Cases with abnormal glucose homeostasis of lesser degree than GDM, like only abnormal GCT, IFG
and GGl also were observed to have adverse maternal outcomes than controls, in form of hypertensive disorders
of pregnancy, significantly higher LSCS rates, and increased risk of macrosomia. Instead of 2 step procedure, sin-
gle step screening cum diagnostic test with 75 gm OGTT for diagnosing GDM could be an option to be universally
practiced.
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INTRODUCTION

Gestational diabetes mellitus (GDM), a common
medical complication of pregnancy, is defined as “any
degree of glucose intolerance with onset or first recog-
nition during pregnancy”. Its prevalence is 7% of all
pregnancies according to American Diabetes Associa-
tion (ADA). The initial criteria for its diagnosis were
established more than 40 years ago and, with modifi-
cations, continue to be used even to date.>* Some stud-
ies suggest that criteria currently in wide use for the
diagnosis of GDM are too restrictive and that lesser
degrees of hyperglycemia increase risk of adverse peri-
natal outcomes>®. There is consensus now that overt di-
abetes during pregnancy, whether symptomatic or not,
is associated with significant risk of adverse perinatal
outcome such as large for gestational age (LGA), ex-
cess fetal adiposity, and higher rate of cesarean section.
GDM is diagnosed on the basis of the glucose level
that exceeds specific glycaemia thresholds. Affected
women identified in this way are then treated with di-
etary therapy and /or insulin to achieve targeted glyce-
mic control during pregnancy.

It is important to recognize however that glucose
tolerance testing in pregnancy also identifies many
women with glycaemic responses that exceed normal
range but that do not meet the threshold required to
diagnose GDM. It is controversial whether maternal
hyperglycemia less severe than in diabetes is associated
with increased risk of adverse pregnancy outcome.

In this context, the objectives of this study are de-
signed so as to detect any adverse perinatal event char-
acterizes cohort of women repesenting a broad spec-
trum of abnormal glucose homeostasis documented
during the process of screening for gestational Diabe-
tes Mellitus.

MATERIAL AND METHODS

Considering the prevalence of abnormal GCT(Glu-
cose challenge test) as 10% IGT (Impaired glucose
tolerance) as 7-10% and GDM(Gestational diabetes
mellitus)as 12-15% to estimate a difference with an er-
ror of 5-7% a sample size of 250 cases was calculated
keeping confidence level as 95%.

Every day, first 7 antenatal women reporting for
ANC check-up, before 28 weeks of gestation were re-

cruited for screening.

Pregnant women recruited in study underwent a
thorough clinical examination after a detailed clinical
history. Relevant points recorded in history were:

e Polyuria, polyphagia, polydipsia;

e Discharge per vaginum, history of recurrent infec-
tions;

e Previous poor obstetric history;

e Macrosomia in previous pregnancy;

e Family history of diabetes in first degree relatives;

[ ]

Previous history of GDM.

Besides routine general physical examination, sys-
temic examination and obstetric examination, the fol-
lowing parameters were documented:

e Pre pregnancy weight;

e Pre pregnancy BMI;

e Blood pressure measurement (mm Hg) in right
arm sitting position;

e Clinically estimated fetal weight;

e Local discharge per vaginum.

All women were subjected to GCT either at first visit
or between 24-28 weeks on the basis of risk profile.
High risk cases were screened at first visit and the rest
between 24-28 weeks.
GCT was performed with 50 gram glucose challenge
independent of the time and type of last meal and fol-
lowed one hour later by estimation of plasma glucose,
cut off value was taken as > 140 mg/dl.

Inclusion criteria for GCT
1. All antenatal cases with the following risk factors
were subjected to GCT at first ANC visit:

e Severe obesity i.e. BMI more than 35kg/m?

o Family history of type -2 Diabetes mellitus in first
degree relatives;

e Previous history of GDM,;

e Age more than 35 years;

e Previous pregnancy resulting in a child with high
birth weight (> 90* percentile on lubchencko growth
curves or > 4kgs);

e Previous poor obstetric history (still birth, malfor-
mations in baby, early neonatal death, instrumental or

difficult delivery).

2. Others screened between 24 and 28 weeks.
Exclusion criteria for GCT
1. Pre-gestational or diagnosed GDM before report-
ing to GTB hospital;
2. Patients on glucocorticoids or any hypoglycemic

drugs;
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3. Patients with multiple gestation;
4. Period of gestation > 28 weeks.

Patients with a GCT value 2200mg/dl were not sub-
jected for GT'T and were diagnosed as GDM.

Value of GCT <140 mg/dl was taken as normal.
Irrespective of GCT result, women were subjected
to glucose tolerance test as recommended by WHO
with 75-gram glucose using WHO criteria. The test
was performed in the morning after overnight fast of
at least 8 hours but not more than 14 hours and after
at least 3 days of unrestricted diet (2150 gm. carbohy-
drate/day) and physical activity. After drawing one ml
fasting venous blood sample, an oral 75gm glucose load
was given as a plain glucose or lemon/orange flavoured
drink if plain glucose not tolerated. Second venous
blood sample was collected after 2 hours. Plasma glu-
cose was estimated in both the samples by the standard
GOD-POD (Glucose Oxidase Peroxidase) method..

The reports of both fasting and the 2hr OGTT
reports were interpreted as indicated in Tables 1 & 2
respectively.

Table 1. Interpretation of fasting plasma glucose values

FASTING PLASMA GLUCOSE CRITERIA
mg/dl
<100 Normal
100-125 Impaired fasting glucose (IFG)
=126 Diabetes mellitus (DM)

Table 2.Interpretation of OGTT with 75 gms glucose (WHO criteria®)

Plasma Glucose In Pregnancy

2hr =200 mg/dI Diabetes

2hr > 140mg/dl & <199 mg/dl | GDM

GGl(Gestational glucose

2hr 2120 mg/dl & = 139 mg/dl impairment)

2hr <120 mg/dl Normal

A fasting glucose level of >126 mg% and random plas-
ma glucose level of more than 200 mg% meets the
threshold for diagnosis of Diabetes and precludes the
need of any glucose challenge test

Study group comprised of 4 categories of patients
with abnormal glucose homoeostasis as defined by fol-
lowing criteria:

1. Abnormal GCT (>140 mg/dl) with normal
OGTT;

2. Normal GCT with only impaired fasting glucose
(IFG) in OGTT;

3. Normal GCT with gestational glucose intolerance
(GGD)

4. Patients diagnosed as GDM:

a. If fasting is >126mg/dl;

b. If 2hr OGTT 2 140mg/dl & < 199 mg/d];

c. Ifvalue of either GCT or OGTT >200 mg/dL
'The control group comprised of women with normal
GCT and normal 0GTT.

In all the above groups, adverse prenatal outcome
and maternal outcomes were evaluated by the primary
and secondary outcome measures.

Primary outcomes:

e Birthweight more than 90" percentile (Lubchencko
growth curves) for gestational age or >4 kgs(macroso-
mia);

e Neonatal hypoglycemia (Venous blood glucose <40
mg/dl, irrespective of gestational age);

e Comparison of cord blood sugar and C-peptide

levels between cases with GDM, IFG, GGI and con-
trols.

Secondary outcomes:

e Premature delivery (before 37 weeks of gestation);

e Preeclampsia;

e Operative deliveries;

e Birth injury;

e Duration of stay in NICU;
Hyperbilirubinemia (Based on gestational age acc
to CDC charts);

e Hypocalcaemia (Serum calcium <7mg/dl, Ionized
calcium <4mg/dl);

e Polycythemia (symptomatic with PCVz 65,
asymptomatic with PCV270).

Statistical analysis

Data was analyzed by using SPSS version (17) of sta-
tistical software. Study group and controls were com-
pared by T test. Comparison between the various cat-
egories of study group for quantitative parameters was
done by one way ANOVA. P<0.05 was considered sig-

nificant. All values were expressed as mean * standard
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deviation. Various parameters were compared between
the categories by chi square test for all categorical var-
iables.

OBSERVATIONS AND RESULTS

In the present study, 340 antenatal women were re-
cruited from Nov’'11 to Nov’12. Out of 340, 18 wom-
en were not willing to participate. A total 322 wom-
en were screened by GCT and OGTT of which 22
women were excluded as 15 women did not report for
OGTT after initial GCT testing and 7 were lost to
follow up. Hence a total of 300 women were enrolled
in the study.

Women belonging to high-risk category were
screened at their first visit. Rest all women were
screened from 24 to 28 weeks. Among high risk 6 were

Table 3. Patient’s profile in study and control groups

screened from 10 to 16 weeks, 4 from 18 to 22 weeks
and 2 from 21 to 22 weeks of gestation. Among the
high-risk groups, 6 had family history of diabetes in
first degree relatives, 4 had GDM in previous preg-
nancy and 2 had previous poor pregnancy outcomes.
(Table 3).

Abnormal glucose homeostasis was detected in 65
women who formed the study group (21.6%). An equal
number of patients (n=65) with normal glucose home-
ostasis were taken as controls. The patients profile in
cases and control group was comparable.

'The age distribution of patients in the study groups
ranged from 19-32yrs with mean of 24.01+2.7, which
was comparable to the control group. The mean age,
height, weight(pre-pregnancy), BMI (pre-pregnancy)
and blood pressure at first visit were also comparable
between the study and control groups (Table 4).

Study group % Controls%
Parameters P value
(n=65) (n=65)
1. High risk category 15.3(10) 3(2)
- Family history first degree relatives (5) (@)
0.030
- GDM in previous pregnancy 4) 0)
- Previous Poor pregnancy outcomes M) ©)
Multi gravid 44.6(29) 35.4(23) 0.220
Previous LSCS 10.7 (7) 10.7(7) 1
Family h/o First degree relative 7.6(5) 1.5(1) 0.208
Table 4. Demographic parameters
Parameters Study group Control group P value
Age(Yrs) 24.01£2.7 23.93+3.0 0.634
Height(cm) 153+4.2 152.644.0 0.813
Pre-pregnancy weight(kg) 52.4+4.4 49.743.5 0.200
Pre-pregnancy BMI (kg/m? 22.3+2.4 21.3%1.9 0.291
SBP(mm Hg) 12449.7 117.447.3 0.202
DBP(mm Hg) 81.246.3 74.7+6.0 0.761
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The mean period of gestation at which GCT was
performed among study group and control was 25 *
2.3 weeks and 25.4 + 1.9 weeks respectively. The GCT,
fasting glucose, and 2 hr OGTT value in control group
was in range from 61-124 mg/dl, 60-89 mg/dl and 78-
119 mg/dl respectively, while that in study group from
94-180 mg/dl, 68-140 mg/dl and 102-180mg/dl re-
spectively (Table 5).

Table 5. The mean GCT, fasting, and 2 hr value of OGTT among study

and control group

Parameters Study group Control group
(Blood sugar) (n=65) (n=65)
GCT (mg/dl) 146.7+16.8 91.3+14.3
FASTING (mg/dI) 90.7413.0 73.145.7

2 HOUR (mg/dl) 137.2+18.4 100.7+8.9

Among the study group 72.3% had abnormal GCT
(47) and 27.6% had normal GCT with abnormal glu-
cose homeostasis in the form of, IFG in 3 (16.6%),
GGI in 10 (55.5%) and GDM in 5 cases (27.7%).
The sensitivity and specificity of GCT was 87.1% and
63.2% respectively (Table 6).

Table 6. The mean GCT, fasting, and 2 hr value of OGTT among study
and control group

Parameters Distribution | No of cases | * of study
group
Normal 18 27.6
GCT (mg/dl)
Abnormal a7 72.3
Normal 48 73.8
FASTING GLUCOSE
(mg/dI) Impaired
(IFG) 17 26.2
Normal 17 26.2
2HR OGTT (mg/dl) GGl 14 215
Abnormal 34 52.3

Among the study group 14 had only abnormal
GCT (21.5%), 3 had only IFG (4.6%), 14 had only
GGI (21.5%), and 34 had GDM (52.3%) constituting
a prevalence of abnormal GCT, IFG, GGI and GDM
in 4.6%, 1%, 4.6%, and 11.3% of patients respectively
among the 300 patients screened.

While 20 (59%) cases of GDM were controlled on
diet and exercise, in 14 (41%) cases insulin was also
required. No treatment was given for other 3 catego-
ries of abnormal glucose homoeostasis in the study

group.

Maternal and perinatal complications

There were 10 cases (15.3%) of hypertensive disorder
of pregnancy in the study group (3 cases of gestational
hypertension in abnormal GCT, 3 cases of pre eclamp-
sia in each GGI and GDM and 1 antepartum eclamp-
sia in GGI category) and 2 cases in control group (3%)
(p=0.03). There were 2 cases of FGR and 5 cases of
PROM in both study and control group. There was 1
case of cholestasis of pregnancy in study group.

Two intrauterine deaths (IUD) were noted in pres-
ent study. One baby had gross congenital anomaly (spi-
na bifida) at 33 weeks of gestation in GDM catego-
ry and the other had unexplained IUD at term. Mild
birth asphyxia (Apgar 6-7) was present in 13 and 8 cas-
es of study group and controls respectively. There was
one neonatal death in NICU at day-14 due to sepsis in
view of preterm delivery.

TERMINATION OF PREGNANCY

Labour was induced in 13 patients in both study and
control group. There were 4 cases of preterm labour (2
induced+ 2 spontaneous), both induced cases belonging
to the GDM category. Term inductions were 11 and 13
in the study and control group respectively. Number of
patients in either group was not statistically different
.Within the study group number of cases induced were
more in GGI (n=7) and GDM (n=4) category. The
reasons for induction in GGI group were PROM (3),
decrease fetal movements (3) and cholestasis of preg-
nancy (1). In GDM group reasons were severe pre-ec-
lampsia(1), antepartum eclampsia(1),PROM(2). There
were 2 inductions in abnormal GCT group in view of
FGR. The mode of induction was misoprostol for all
except in FGR and antepartum eclampsia where PGE,
was given. The reasons for induction in control group
were PROM (5), post dated (2), FGR (2), reduced fetal
movement (4).

There were 14 (7 elective + 7 emergency) caesarean
sections (21.5%) and 2 (3%) instrumental deliveries (in
view of fetal distress and prolonged 2" stage) among

the study group. Reasons for elective LSCS were GDM
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with breech (1), GDM with fetal weight estimated to
be >4000 g(3), GDM with previous LSCS (1), abnor-
mal GCT with breech(1), IFG with prev LSCS short
inter pregnancy interval (1). However, there were 6
caesarean (1 elective+5 emergency) sections (9.2%)
and no instrumental deliveries among control groups
(Table 7). However, number of primary cesarean was
comparable between the study group and controls.

Table 7. Mode of termination of pregnancy

Study group Controls
Parameters P value
(n=65) (n=65)

Pre term induction 2 0 0.49
Pre term spontane- 0 2 0.49
ous labour

Term inductions 11 13 0.82
Term spontaneous 38 44 036
labour

Elective LSCS 7 1 0.05
Emergency LSCS 7 5 0.76

The rate of elective LSCS was more in GDM (n=5)
vs other 3 categories and the difference was significant
(p=0.04). The over all number of LSCS (14 cases) was
significantly higher in GDM (n=9) and the risk in-
creased among the 4 categories (p=0.003).

There were 2 post-dated pregnancies in the control
group, while no post-dated pregnancy was noted in the
study group. The mean period of gestation at delivery
in the study group was in range from 33-41 weeks, with
a mean of 38.1+1.3 weeks and in control group was
in range from 35-41 weeks with a mean of 39.3+1.07
weeks (p=0.266). Duration of labour in the study group

for primi and multigravida was comparable.
DISCUSSION

In the present study, 300 antenatal women were
screened for abnormal glucose homeostasis by GCT
followed by OGTT between 24 to 28 weeks of gesta-
tion or earlier depending on the patients risk profile.
Among all screened abnormal glucose homeostasis
were detected in 65 women in the form of abnormal
GCT,IFG, GGI, and GDM, constituting a prevalence

of 21.6% and form the study group. Equal numbers of
controls were also selected from those 300 patients.
Perinatal outcome was evaluated among study groups
with impaired glucose homeostasis, with that of con-
trols.

Among total screened 47 women were diagnosed as
abnormal GCT comprising the prevalence to be 15.6%.
'The study group 14 were of only abnormal GCT, 3 with
IFG, 14 with GGI, and 34 were of GDM category
constituting 4.6%, 1%, 4.6%, and 11.3% of prevalence
of only abnormal GCT, IFG, GGI and GDM respec-
tively among total screened. The prevalence of GDM
was 11.3% in present study and that reported by ADA
(in American population), and IADPSG (globally) is
7% and 17.8% respectively”®. According to DIPSI the
prevalence of GDM in India varies from 3.8 to 21% in
different parts of country, depending on geographical
locations’.

In present study even with normal GCT 27.6%
cases exhibited some form of abnormal glucose home-
ostasis in form of IFG, GGI, and GDM detected in
3,10 and 5 cases respectively. Normally GTT is not
done in women with normal GCT. Since in present
study GT'T was performed in all cases irrespective of
GCT, it was found that GCT lacks specificity (63.2%).
Seshiah et al found that 21.5% of GDM cases were left
undiagnosed by initial GCT screening and they found
the specificity of 41.8%".

In the present study hypertensive disorders of
pregnancy were observed fivefold higher in study
group(15.3%)than in controls(3%) (p=0.03). Among
study group, gestational hypertension and pre-eclamp-
sia was not confined to GDM category (40%) but was
also observed in abnormal GCT(30%) and GGI (30%)
categories. A case of antepartum eclampsia had oc-
curred in GGI category at 33 weeks period of gesta-
tion, who was a defaulter to follow up after enrolment
in the study. Jang et al reported that the frequency of
pre-eclampsia was eight-fold higher in GDM (10.8%)
cases compared to patients with normal glucose tol-
erance (1.3%)'. Another study by Landon et al also
found that pre-eclampsia or gestational hypertension
was significantly more in GDM group (15%) com-
pared to abnormal GCT (8%),IGT and controls™.

In present study there were 2 preterm inductions in
study group (3%) and 2 preterm spontaneous labour
in control group (3%). This result was similar to that
reported by Jang et al as no significant difference was
there in preterm deliveries between GDM(6.2%) and
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NGT(2.6%)group’. While Yang et al reported signif-
icant difference of preterm deliveries between NGT
(1.32%) and IGT (7.8%)".

There were 14 (7 elective + 7 emergency) caesarean
sections (21.5%) and 2 (3%) instrumental deliveries
among study groups. However, there were 6 caesarean
(1 elective+5 emergency) sections (9.2%) and no instru-
mental deliveries among control groups (P=0.04). The
number of primary caesarean was comparable between
study group and controls. The incidence of LSCS in
GDM, GGI and abnormal GCT category was 26.3%,
21.4% and 7.1% respectively. Jang et al reported that
overall rate of caesarean section was not different be-
tween the GDM (55.4%) and NGT (45.1%); however,
the rate of primary caesarean section was significantly
higher in those with GDM (40%) vs NGT (22.9%)".
In HAPO study also it was observed that when the
glucose measures were analysed as continuous varia-
bles, fasting and 2hr both were significant predictors
of primary caesarean delivery, with 1-SD increases in
glucose level being associated with an increase of 8
to 11% in the odds of delivery by caesarean section®.
'The results of present study were comparable to that of
above 2 studies.

In present study the mean birth weight among
study group (3.03+.53 kg) was significantly higher
than in control groups. There were 12 cases of macro-
somia (18.4%) with mean birth weight of 3.6+0.49 kg
among study group. Macrosomia was present in GDM
category (n=11) followed by IFG (n=1) and none in
GGI and abnormal GCT however the difference of
mean birth weight was not significant.

Khoshniat et al reported prevalence of macrosomia
in 15.8%, 6%, 3.6% and 1.1%, patients with GDM,
IGT, only abnormal GCT and normal GCT respec-
tively; and in contrast to present study the differences
between the groups were significant™.

In present study difference among cord blood sug-
ar levels at birth among babies of Controls and study
group was not statistically significant. Similar non-sig-
nificant result for hypoglycaemia was observed by Yang
et al as there was 0.33% hypoglycaemia in NGT group
vs 0.98% in IGT".

'The value of cord blood C-peptide in present study
was significantly different between study (2.5+0.85 ng/
ml) and Control groups (1.51+.43ng/ml). Among study
group significantly higher C-peptide levels were ob-
served in GDM group followed by abnormal GCT and
GGL. 90™ percentile (3.12ng/ml) of C-peptide was also

calculated from study groups and controls, and it was
observed that >90" percentile C-peptide was observed
in GDM category only (18.4%). Dube et al reported
Cord blood C-peptide from newborns of GDM women
tended to be significantly higher than those from NGT
women supporting results of present study®.

In present study hyperbilirubinemia was higher in
study group (17.4%) than in controls and more than
half belonging to GDM category. However, the differ-
ence between study group and controls was not signif-
icant. There was NICU stay of more than 7 days in 11
cases of study group, of which 5 (45.4%) were of GDM
category.

The incidence for NICU admission was 4.9% in
GDM group according to study by Al-hakeem®. The
commonest cause for NICU admission was hyperbili-
rubinemia (41.2%) among all cases of GDM. Ostlund
et al reported admission to NICU for 2 days or longer
was more common (adjusted OR 2.0,95% CI 1.1-3.8)
in IGT than controls.” 71.3% of the children in the
IGT group and 87.3% of the control subjects had no

neonatal complications.

CONCLUSIONS

1. Abnormal GCT was detected in 15.6% of preg-
nant women (47/300) and this group accounted for
72.3% Cases (47/65) of any form of abnormal glucose
homeostasis.

2. Even women with normal GCT had disturbed gly-
cemic status like IFG, GGI, or GDM.

3. Specificity of GCT to diagnose GDM was only
63.2%.

4. Cases with abnormal glucose homeostasis of less-
er degree than GDM, like only abnormal GCT, IFG
and GGI also were observed to have adverse maternal
outcomes than controls, in form of hypertensive disor-
ders of pregnancy, significantly higher LSCS rates, and
increased risk of macrosomia.

5. Instead of 2 step procedure, single step screening
cum diagnostic test with 75 gm OGT'T for diagnosing
GDM would be an option to be universally practiced.

6. Besides fasting and 2hr value importance should
also be given to GGI category (2hr value between 120-
139 mg/dl) as suggested by DIPSI modification of
WHO criteria.

7. Whether women with IFG and GGI would ben-
efit with dietary modification would be clear by eval-
uating large number of studies in multicentric design.
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