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ABSTRACT
Introduction  We evaluate which screening and diagnostic 
approach resulted in the greatest reduction in adverse 
pregnancy outcomes due to increased treatment.
Research design and methods  This study presents a 
secondary analysis of a randomized community non-inferiority 
trial conducted among pregnant women participating in the 
GULF Study in Iran. A total of 35 430 pregnant women were 
randomly assigned to one of the five prespecified gestational 
diabetes mellitus (GDM) screening protocols. The screening 
methods included fasting plasma glucose (FPG) in the first 
trimester and either a one-step or a two-step screening method 
in the second trimester of pregnancy. According to the results, 
participants were classified into 6 groups (1) First-trimester 
FPG: 100–126 mg/dL, GDM diagnosed at first trimester; 
(2) First trimester FPG: 92–99.9 mg/dL, GDM diagnosed 
at first trimester; (3) First trimester FPG: 92–99.9 mg/dL, 
GDM diagnosed at second trimester; (4) First trimester FPG: 
92–99.9 mg/dL, healthy at second trimester; (5) First trimester 
FPG<92 mg/dL, GDM diagnosed at second trimester; (6) First 
trimester FPG<92 mg/dL, healthy at second trimester. For 
our analysis, we initially used group 6, as the reference and 
repeated the analysis using group 2, as the reference group. 
The main outcome of the study was major adverse maternal 
and neonatal outcomes.
Results  Macrosomia and primary caesarean section 
occurred in 9.8% and 21.0% in group 1, 7.8% and 
19.8% in group 2, 5.4% and 18.6% in group 3, 6.6% 
and 21.5% in group 4, 8.3% and 24.0% in group 5, and 
5.4% and 20.0% in group 6, respectively. Compared 
with group 6 as the reference, there was a significant 
increase in the adjusted risk of neonatal intensive care 
unit (NICU) admission in groups 1, 3, and 5 and an 
increased risk of macrosomia in groups 1, 2, and 5. 
Compared with group 2 as the reference, there was a 
significant decrease in the adjusted risk of macrosomia 
in group 3, a decreased risk of NICU admission in group 
6, and an increased risk of hyperglycemia in group 3.

Conclusions  We conclude that screening approaches for 
GDM reduced the risk of adverse pregnancy outcomes to 
the same or near the same risk level of healthy pregnant 
women, except for the risk of NICU admission that increased 
significantly in groups diagnosed with GDM compared with 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ There is considerable worldwide controversy re-
garding optimal screening and diagnostic approach-
es for gestational diabetes mellitus (GDM).

WHAT THIS STUDY ADDS
	⇒ This population-based study included 35 430 
pregnant women and found that screening and 
diagnostic approaches for GDM reduced the risk 
of adverse pregnancy outcomes to the same 
or near the same risk level of healthy pregnant 
women, except for the risk of neonatal intensive 
care unit admission that increased significantly 
in groups diagnosed with GDM compared with 
healthy pregnant women.

	⇒ Further, individuals with slight increase in fasting 
plasma glucose (FPG) (92–100 mg/dL) at first tri-
mester, who were diagnosed with GDM, had an 
even increased risk of macrosomia in comparison 
to those group of women with FPG 92–100 mg/
dL in the first trimester, who were not diagnosed 
with GDM, and developed GDM in the second 
trimester.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ The findings of this study suggest a need for specif-
ic guidelines for the management of those with an 
early elevation of FPG, after achieving the glycemic 
goal.
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healthy pregnant women. Individuals with slight increase in FPG (92–100 mg/
dL) at first trimester, who were diagnosed as GDM, had an even increased risk 
of macrosomia in comparison to those group of women with FPG 92–100 mg/
dL in the first trimester, who were not diagnosed with GDM, and developed 
GDM in second trimester
Trial registration  IRCT138707081281N1 (registered: February 15, 
2017).

INTRODUCTION
Screening is a fundamental concept that links clinical 
practice in individuals, with public health practice in 
populations. The goal is to achieve early detection of 
asymptomatic individuals or subpopulations within a 
community to assess the likelihood of having a particular 
disease.1

Gestational diabetes mellitus (GDM) is the most 
prevalent chronic disorder during pregnancy, 
affecting approximately one in every six pregnancies 
worldwide.2 3 It increases the substantial risk of short-
term and long-term adverse maternal and neonatal 
outcomes such as macrosomia, caesarean section, 
preterm delivery, low Apgar Score, and also cardio-
vascular disease or type 2 diabetes later in life.4–8

It is well acknowledged that the screening and 
treatment of GDM could improve adverse preg-
nancy outcomes.4 But due to the lack of high quality 
evidence, the optimal strategy, method, and criteria 
for identification of GDM has been a matter of 
debate for decades. Traditionally, the screening and 
diagnosis of GDM have been based on the second 
trimester oral glucose tolerance test (OGTT).9 
Recently, with limited trial data and by extrapolating 
the criteria of GDM from the second trimester to the 
first, it has been suggested that women with possible 
undiagnosed diabetes are screened, diagnosed, and 
treated in early pregnancy.10 Today, although there 
are still large controversies,10–14 there has been a move 
towards the worldwide adoption of the International 
Association of Diabetes in Pregnancy Study Groups 
(IADPSG) recommendations using fasting plasma 
glucose (FPG) values of 5.1–6.9 mmol/L before 24 
weeks of gestation and one-step 2-hour 75 g OGTT 
in the second trimester of pregnancy.10 Meanwhile, 
emerging data had challenged this recommendation 
since many of those women diagnosed in the first 
trimester no longer fulfilled GDM when screened 
later in the second trimester of pregnancy14–17 and 
also there are conflicting results regarding the magni-
tude of the increased risks among those diagnosed 
with this criteria in the second trimester, compared 
with other criteria.18–22 Moreover, the randomized 
controlled trials comparing the effect of various 
GDM screening approaches are insufficient and have 
shown differing results. Therefore, to address this 
knowledge gap, we conducted this secondary analysis 
of the randomized community trial (GULF Study) to 
determine which screening and diagnostic approach 

resulted in the greatest reduction in adverse preg-
nancy outcomes due to increased treatment.

RESEARCH DESIGN AND METHODS
This is a secondary analysis of a randomized commu-
nity non-inferiority trial among pregnant women in the 
GULF Study. Detailed methods and results of the main 
trial have been reported previously.23 24 Briefly, this study 
was conducted to determine non-inferiority of less strict 
GDM screening criteria compared with the stringent 
IADPSG criteria with respect to maternal and neonatal 
outcomes, in which 35 430 pregnant women in the first 
trimester of pregnancy, aged 18 years and over from five 
different geographic regions of Iran participated.

We employed one-to-one randomization at the city level 
to assign each city randomly to a protocol. For random-
ization, all of the provinces of Iran were initially divided 
into five categories based on their geographic location: 
north, east, west, south, and center of Iran. One province 
was randomly selected from each category. The cities 
within each province were then listed and divided into 
two clusters of the central city of the province and the 
other cities. In the next step, four cities were randomly 
chosen from the list of other cities in each province. For 
the allocation of protocols, five different protocols were 
randomly assigned to each provincial center, while the 
remaining cities in each province were allocated to the 
other protocols. The sample size for each city was deter-
mined based on the number of live births in the cities 
over the previous 5 years, using a probability propor-
tional to size approach. (To obtain a statistical power of 
85% with a one-sided type 1 error of 0.005 (considering 
multiple comparisons) approximately 4700 patients per 
group are needed to show the non-inferiority of more 
intensive compared with lower intensive strategies with 
a marginal difference of 0.03). Regarding the allocation 
of protocols, one of the five predetermined protocols 
was randomly assigned to each provincial center. The 
four selected cities in each province were then randomly 
assigned to the remaining protocols. We employed one-
to-one randomization at the city level to assign each city 
randomly to a protocol. The initial sample size for each 
protocol was the same. However, due to various factors 
related to conducting the study, the final sample size of 
each protocol varied slightly (all cities began and ended 
the study simultaneously, ensuring that the number of 
participants in each city was not exactly equal to the esti-
mated number). The exact number of sample sizes for 
protocols A to E were 7117 (20.09%), 6659 (18.79%), 
7494 (21.15%), 6412 (18.10%), and 7748 (21.87%), 
respectively. The details of all study protocols have been 
published before,23 In protocol A, GDM was character-
ized as an FPG level between 92 mg/dL and 125 mg/
dL in the first trimester, and any abnormal result using 
the one-step screening approach in the second trimester 
involving a 2-hour 75 g OGTT with cut-off values of 92 mg/
dL for fasting, 180 mg/dL for 1-hour, or 153 mg/dL for 
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2-hour measurements. Protocol B differed from protocol 
A in the definition of GDM in the first trimester, where 
it encompassed FPG values between 100 mg/dL and 
125 mg/dL. In the second trimester, GDM was identified 
as occurring when two or more plasma glucose levels met 
or exceeded the specified criteria. Moving to protocol C, 
the first trimester definition for GDM was the same as 
protocol B, encompassing FPG levels between 100 mg/
dL and 126 mg/dL. However, the second trimester defi-
nition aligned with protocol A, involving any abnormal 
value as determined by the one-step screening method 
using a 2-hour, 75 gram OGTT.

Protocol D was charachterized as GDM in the first 
trimester as FPG values ranging from 92 mg/dL to 
125 mg/dL. Yet, for the second trimester, a two-step 
screening strategy was employed, applying the Carpenter-
Coustan criteria as cut-off values. Lastly, protocol E 
displayed discrepancies from protocol D in relation to 
the first trimester definition of GDM and encompassed 
FPG levels between 100 mg/dL and 125 mg/dL. Lastly, 
protocol E displayed discrepancies from protocol D in 
relation to the first trimester definition of GDM. In this 
case, it encompassed FPG levels between 100 mg/dL and 
125 mg/dL.23 24

Those with uncertainty regarding the date of the last 
menstrual period and without ultrasound estimation 
from 6 weeks to 14 weeks of gestational age and women 
with a diagnosis of type 2 diabetes or other chronic 
disorders were excluded from original study. Along with 
routine prenatal care,25 all participants were scheduled 
to have two phases of GDM screening in the first and 
second trimesters of pregnancy, based on a prespecified 
protocol using FPG in the first trimester and either a 
one-step or a two-step screening method in the second 
trimester of pregnancy.

For the current analysis, a total of 35 430 pregnant 
women were involved. Based on the GDM status in the 
first and second trimesters of pregnancy, participants 
were classified based on the assigned protocol, FPG level 
in the first trimester and the trimester of GDM diagnosis 

as follows (table 1): (1) Those who had first trimester FPG 
levels 100–125 mg/dL, diagnosed as GDM, according to 
the all prespecified protocols; (2) Those who had first 
trimester FPG levels 92–99.9 mg/dL, diagnosed as GDM 
according to the protocols A and D; (3) Those who had 
first trimester FPG levels 92–99.9 mg/dL, and received 
routine prenatal care at the first trimester, according 
to the protocols B, C, and E, and re-screened for GDM 
based on either a one-step (protocols B and C) or a two-
step screening method (protocol E), and diagnosed 
as GDM according to the prespecified protocols; (4) 
Those who had first trimester FPG levels 92–99.9 mg/dL, 
received routine prenatal care according to the proto-
cols B, C, and E at the first trimester, and re-screened for 
GDM based on either a one-step (protocol B and C) or 
a two-step screening method (protocol E) and had nega-
tive results; (5) Those who had first trimester FPG levels 
<92 mg/dL, received routine prenatal care, according to 
the all prespecified protocols, at the first trimester, and 
re-screened for GDM based on either a one-step (protocol 
B and C) or a two-step screening method (protocol E) 
and had positive results for GDM; (6) Those who had 
first trimester FPG levels <92 mg/dL, received routine 
prenatal care, according to the all prespecified proto-
cols, at the first trimester, re-screened for GDM based on 
either a one-step or a two-step screening method, and 
had negative results.

All study participants were followed until delivery, 
and all adverse maternal and neonatal outcomes were 
recorded in details. Guideline for the treatment of GDM 
was consistent with the American College of Obstetricians 
and Gynecologists 201326 and the American Diabetes 
Association (ADA) 201627 recommendations, including 
physical exercise, dietary intervention, and medication 
therapy (if necessary) as follows:

Treatment was initiated by implementing lifestyle 
modification, which included medical nutrition therapy 
and physical activity. Blood glucose monitoring was 
employed to achieve the specific targets, which included 
a fasting level of 95 mg/dL, a 1-hour postprandial level 

Table 1  Definition of the study groups based on assigned protocol, FPG level in the first trimester, and the trimester of GDM 
diagnosis

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6

*Assigned protocol A–E A & D B & C & E B & C & E A–E A–E

FPG level at first trimester (mg/dL) 100–125 92–99.9 92–99.9 92–99.9 < 92 < 92 

GDM diagnosis in the first trimester Positive Positive Negative Negative Negative Negative

GDM diagnosis in the second trimester/first trimester Positive Positive Positive Negative Positive Negative

*In Protocol A, GDM was defined as an FPG between 92 mg/dL and 125 mg/dL in the first trimester, and any abnormal value using the one-step 
screening method in the second trimester with a 2-hour 75 g oral glucose tolerance test (OGTT) and cut-off values of fasting 92 mg/dL, 1 hour 
180 mg/dL, or 2 hours 153 mg/dL. Protocol B differed from Protocol A in the definition of GDM in the first trimester, which was FPG between 
100 mg/dL and 125 mg/dL, and in the second trimester, which was defined as two or more plasma glucose levels meeting or exceeding the criteria. 
Protocol C used the same definition for GDM in the first trimester as protocol B (FPG between 100 mg/dL and 126 mg/dL), and the same definition 
in the second trimester as protocol A (any abnormal value using the one-step screening method with a 2- hour, 75 g glucose tolerance test). 
Protocol D was defined GDM in the first trimester as FPG values between 92 mg/dL and 125 mg/dL. However, in the second trimester, a two-step 
screening method was used, using the cut-off values of Carpenter-Coustan criteria. Protocol E differed from protocol D in the definition of GDM in 
the first trimester, which was FPG between 100 mg/dL and 125 mg.
FPG, fasting plasma glucose; GDM, gestational diabetes mellitus.
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of 140 mg/dL, or a 2-hour postprandial level of 120 mg/
dL. The dietitian individually designed the medical nutri-
tion therapy plan for participants with GDM. This plan 
ensured an adequate calorie intake to support the health 
of the fetus/neonate and the mother, achieve glycemic 
goals, and promote appropriate gestational weight gain. 
The plan was based on the Dietary Reference Intakes 
recommendation, which included a minimum carbohy-
drate intake of 175 g, a minimum protein intake of 71 g, 
and a fiber intake of 28 g. If participants were unable to 
achieve the desired glycemic goals within a 2-week period, 
specialized physicians such as obstetricians, internists, or 
endocrinologists at the second level of the healthcare 
system offered pharmacologic therapy. Insulin was the 
recommended first-line treatment for GDM. Further-
more, if participants declined insulin therapy, metformin 
was presented as an alternative or adjunct to insulin after 
thoroughly discussing the potential benefits and risks 
of metformin therapy. Self-monitoring of blood glucose 
(SMBG) was used for all individuals diagnosed with GDM 
to attain and maintain therapeutic goals in patients 
receiving insulin treatment. SMBG involved frequent 
capillary blood glucose tests scheduled four times a day: 
fasting, 2 hours after breakfast, lunch, and dinner, or if 
patients experienced symptoms of hypoglycemia for at 
least 2 weeks. Once the therapeutic target was achieved, 
SMBG was performed twice a day. The treatment guide-
line for GDM was consistent across all five protocols.

Terms definitions and endpoint outcomes
One-step screening was based on a 75 g 2-hour OGTT. 
Participants were diagnosed with GDM if at least one 
value exceeded the cut-off, including FPG≥92 mg/dL, 
but <126 mg/dL and/or 2-hour OGTT≥153 mg/dL. The 
two-step approach was as follows: first, a 50 g oral glucose 
challenge test was performed regardless of the fasting 
status. One-hour plasma glucose level <140 mg/dL was 
considered negative and needed no further test. Other-
wise, women underwent 100 g 3-hour OGTT. GDM was 
diagnosed if two glucose values were above the threshold 
including: FPG>95 mg/dL; 1 hour glucose level>180 mg/
dL; 2-hour glucose level>155 mg/dL; and 3-hour glucose 
level≥140 mg/dL.

Outcomes of the study were defined as follows:23 24 
Macrosomia was characterized as birth weight exceeding 
4000 g and/or fetal weight more than the 90th percen-
tile corresponding to a specific gestational age,28 using 
ultrasound biometry for estimating the fetal weight 
and multinational WHO fetal growth chart for defining 
the percentile. Primary cesarean section was outlined 
as cesarean deliveries within the context of all births 
involving women without a prior history of cesarean 
delivery. Hypoglycemia was defined as plasma glucose 
concentration below 2.6 mmol/L during the first 48 hours 
following delivery; hyperbilirubinemia was identified by 
a value more than the 95th percentile for a given point 
after birth; pre-eclampsia was determined as an increase 
in blood pressure to 140 mm Hg systolic or 90 mm Hg 

diastolic on at least two occasions, with a time interval 
of at least 4 hours, after 20 weeks of gestation in women 
who had previously normal blood pressure and protein-
uria equal to or exceeding 300 mg per 24 hours urine 
collection, or protein/creatinine ratio of 0.3 or higher, 
or a dipstick reading of 1+ (with further considerations 
in the absence of other quantitative methods). In cases 
without proteinuria, new-onset hypertension combined 
with the new onset of any of the thrombocytopenia, renal 
insufficiency, impaired liver function, pulmonary edema, 
and cerebral or visual symptoms were also considered;29 
preterm birth was determined as when birth occurs 
between 20 weeks and 37 weeks of gestation; birth 
trauma was defined as brachial plexus palsy or clavicular, 
humeral, or skull fracture. Low birth weight (LBW) was 
described as weight at birth less than 2500 g at birth, irre-
spective of the gestational age.

Statistical analysis
We used frequency (proportion) and mean (SD) for the 
categorical and continuous variables in the data descrip-
tion. The frequencies of categorical variables were 
compared using the χ2 test across the groups. For this 
purpose, one-way analysis of variance was used in the case 
of continuous variables.

We divided the samples into six fully separated groups 
according to their FPG levels in the first trimester, 
assigned protocol, and GDM diagnosis status. As there is 
no overlap between these groups, we can compare the 
risk of developing adverse pregnancy outcomes. For the 
purpose of the current analysis first we considered group 
6 (healthy pregnant women all throughout the pregnancy 
period) as the reference group, then we repeated our 
analysis considering the second group (participants with 
92 mg/dL<FPG<100 mg/dL in the first trimester who 
were diagnosed with GDM according to the protocols 
A or D). The log probability model (generalized linear 
model with binary outcomes and a log link function) was 
used to estimate the risk ratio (RR) of developing adverse 
pregnancy outcomes in other groups to these reference 
groups. In addition to the crude model, we adjusted the 
models for age, gestational ages at enrollment and at 
delivery (except when preterm birth was the outcome), 
prepregnancy body mass index (BMI), type of delivery 
(except when the outcome was caesarean section), 
assigned protocol, type of medication (lifestyle modifica-
tion, lifestyle modification+oral agent, lifestyle modifica-
tion+insulin, lifestyle modification+oral agent+insulin).

All the statistical analysis and graph generation were 
conducted in R statistical software. We set the significant 
level at 95% for tests and presentation of CIs.

RESULTS
The participants' baseline characteristics, pregnancy 
history, and incidence of adverse pregnancy outcomes 
according to the specified groups are presented in 
table 2. The mean BMIs (SDs) of pregnant women were 
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Table 2  The participants’ baseline characteristics, pregnancy history, and incidence of adverse pregnancy outcomes by the 
defined groups

Variable*
Group 1
n=1388

Group 2
n=1198

Group 3
n=374

Group 4
n=1725

Group 5
n=2070

Group 6
n=28 675

Age, years, mean (SD) 32 (6) 31 (6) 31 (6) 31 (6) 32 (6) 30 (6)

BMI, kg/m2, mean (SD) 27.8 (5.4) 26.9 (4.9) 27.7 (5) 26.5 (4.7) 27 (4.8) 25.5 (4.7)

Overweight/obese 680 (71) 594 (63) 255 (68) 1046 (61) 1295 (67) 13 154 (49)

Gestational age at enrollment, mean (SD) 7.7 (3.5) 8.2 (3.3) 9.2 (3.3) 9.0 (3.3) 9.3 (3.6) 9.2 (3.8)

Gestational age at delivery, mean (SD) 36.9 (6.9) 37.3 (6.1) 37.0 (7.1) 36.6 (8.1) 37.6 (5.7) 37.3 (6.5)

Gravity, median (IQR) 2 (1-3) 2 (1-3) 2 (1-3) 2 (1-3) 2 (1-3) 2 (1-3)

Parity, median (IQR) 1 (0–2) 1 (0–2) 1 (1-2) 1 (1-2) 1 (0–2) 1 (0–2)

Parity upper1 667 (73) 631 (72) 250 (77) 1082 (76) 1297 (73) 15 289 (69)

Abortion, median (IQR) 0 (0–1) 0 (0–1) 0 (0–1) 0 (0–1) 0 (0–1) 0 (0–1)

History GH or pre-eclampsia 31 (2.2) 21 (1.8) 9 (2.4) 21 (1.2) 40 (1.9) 380 (1.3)

History of macrosomia 16 (1.6) 17 (1.8) 15 (4.0) 31 (1.8) 35 (1.8) 291 (1.2)

History of preterm birth 19 (2.0) 24 (2.5) 13 (3.5) 31 (1.8) 56 (2.9) 461 (1.8)

History of LBW 25 (2.6) 25 (2.6) 11 (3.0) 49 (2.9) 60 (3.1) 716 (2.8)

History of GDM 54 (5.6) 33 (3.5) 22 (5.9) 44 (2.6) 91 (4.7) 289 (1.1)

Severe hemorrhage after delivery 3 (0.3) 3 (0.3) 0 3 (0.2) 9 (0.5) 56 (0.2)

Fetal anomalies 7 (0.7) 5 (0.5) 4 (1.1) 17 (1.0) 7 (0.4) 170 (0.7)

Twin pregnancy 3 (0.3) 9 (0.9) 5 (1.3) 12 (0.7) 13 (0.7) 158 (0.6)

History of stillbirth 9 (0.9) 9 (1.0) 8 (2.2) 19 (1.1) 23 (1.2) 207 (0.8)

Instrumental delivery 2 (0.2) 2 (0.2) 2 (0.5) 2 (0.1) 1 (<0.1) 29 (0.1)

Family history of DM 174 (18) 119 (12) 79 (21) 198 (12) 282 (14) 2637 (10)

Family history of hypertension 160 (16) 135 (14) 64 (1) 292 (17) 312 (16) 3554 (14)

Macrosomia 128 (9.8) 89 (7.8) 19 (5.4) 105 (6.6) 166 (8.3) 1480 (5.4)

Type of delivery

 � Primary caesarean section 201 (15) 175 (15) 46 (13) 248 (16) 347 (17) 4246 (16)

 � Repeated caesarean section 349 (27) 257 (23) 107 (30) 443 (28) 549 (28) 5946 (22)

 � Vaginal delivery 757 (58) 710 (62) 201 (57) 905 (57) 1099 (55) 17 013 (63)

Preterm birth 113 (8.7) 79 (6.9) 27 (7.6) 104 (6.5) 140 (7.0) 1666 (6.1)

Neonatal hypoglycemia 54 (4.1) 30 (2.6) 24 (6.8) 5 (0.3) 129 (6.5) 42 (0.2)

Neonatal hypocalcemia 44 (3.2) 19 (1.6) 17 (4.5) 5 (0.3) 63 (3.0) 44 (0.2)

Neonatal hyperbilirubinemia 92 (7.2) 96 (8.5) 29 (8.2) 101 (6.5) 167 (8.5) 1914 (7.1)

Pre-eclampsia 186 (13) 124 (10) 44 (12) 174 (10) 244 (12) 2817 (9.9)

NICU admission 106 (7.6) 82 (6.8) 29 (7.8) 83 (4.8) 155 (7.5) 1260 (4.4)

Birth trauma 10 (0.7) 9 (0.8) 5 (1.3) 9 (0.5) 11 (0.5) 153 (0.5)

LBW 116 (9.1) 94 (8.4) 34 (9.6) 128 (8.2) 163 (8.3) 2472 (9.2)

IUFD 7 (0.5) 17 (1.4) 2 (0.5) 14 (0.8) 13 (0.6) 189 (0.7)

Treatment

 � Medication 346 (25) 155 (13) 207 (55) 0 (0) 698 (34%) 0 (0)

 � Diet 1022 (74) 1025 (86) 167 (45) 0 (0) 1372 (66%) 0 (0)

c-DAO 220 (15.9) 153 (12.8) 54 (14.4) 208 (12.06) 277 (13.4) 3767 (13.1)

c-MAO 296 (21.3) 200 (16.7) 69 (18.5) 262 (15.2) 388 (18.7) 4603 (16.1)

c-NAO 374 (26.9) 304 (25.4) 91 (24.3) 340 (19.7) 570 (27.5) 6037 (21.1)

c-DAO: composite delivery adverse outcome which was defined as primary cesarean section and/or shoulder dystocia and/or instrumental delivery and/or 
postpartum hemorrhage.
c-MAO: composite maternal adverse outcome which was defined as preterm birth and/or pre-eclampsia, and/or pregnancy induced hypertension, and/or infection.
c-FAO: composite fetal adverse outcome which was defined as macrosomia and/or hypoglycemia and/or and/or hypocalcemia and/or hyperbilirubinemia and/or 
NICU admission and/or birth trauma and/or low birth weight.
Bold values indicate significance level.
*Values are presented in number (percentage), otherwise unless stated.
BMI, body mass index; c-NAO, composite neonatal adverse outcome; DM, diabetes mellitus; GDM, gestational diabetes mellitus; GH, gestational hypertension; 
IUFD, Intrauterine fetal demise; LBW, low birth wight; NICU, neonatal intensive care unit.
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27.8 (5.4) kg/m2, 26.9 (4.9) kg/m2, 27.7 (5) kg/m2, 26.5 
(4.7) kg/m2, 27 (4.8) kg/m2, 25.5 (4.7) kg/m2 in groups 
1–6, respectively. Family history of diabetes mellitus (DM) 
in group 1 was 18% and it was 12%, 21%, 12%, 14%, and 
10% for groups 2–6, respectively.

The participants’ flow diagrams for two primary 
outcomes according to the original study protocol 
(macrosomia and primary cesarean section) based on 
the specified groups is presented in figure 1. It has been 
shown that 9.8% of women in group 1, 7.8% in group 
2, 5.4% in group 3, 6.6% in group 4, 8.3% in group 5, 
and 5.4% in group 6 experienced macrosomia. Primary 

caesarean section was the route of delivery in 21.0%, 
19.8%, 18.6%, 21.5%, 24.0%, and 20.0% of pregnant 
women in groups 1–6, respectively (figure 1).

The adjusted RR of developing the adverse pregnancy 
outcomes in other groups to reference group 6 as well as 
their 95% CIs are presented in figure 2. Having consid-
ered group 6 as a reference, the result showed significant 
increase in the adjusted risk of neonatal intensive care 
unit (NICU) admission in groups 1 (RR=4.56; 95% CI 
2.75 to 7.31; p<0.001), 2 (RR=3.51; 95% CI 2.04 to 5.85; 
p<0.001), 3 (RR=2.84; 95% CI 1.52 to 5.10; p<0.001) and 
5 (RR=3.41; 95% CI 2.13 to 5.27; p<0.001). The adjusted 

Figure 1  The participants’ flow diagrams for macrosomia (A) and primary cesarean section (B) based on their assigned 
protocol, FPG level in the first trimester, and GDM diagnosis status. The green arrows indicate treatment received. FPG, 
fasting-plasma-glucose; GDM, gestational diabetes mellitus.
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RR of macrosomia in groups 1, 2, and 5 to reference 
group 6 and their 95% CIs were (RR=1.50; 95% CI 0.84 
to 2.43; p=0.07), (RR=1.53; 95% CI 0.84 to 2.55; p=0.07), 
and (RR=1.26; 95% CI 0.72 to 2.01; p=0.19), respectively. 
Moreover, group 5 revealed a lower risk of LBW in group 

5 compared with group 6 (RR=0.52; 95% CI 0.24 to 0.99; 
p=0.04).

The crude and adjusted RR of different groups in 
comparison to the reference group 2 are shown in table 3. 
After adjusting for age, gestational age at enrollment and 

Figure 2  The adjusted risk ratio (RR) of groups in comparison with reference group 6, the participants with FPG<92 mg/dL 
in trimester 1, who were not diagnosed as GDM-positive. FPG, fasting plasma glucose; GDM, gestational diabetes mellitus; 
NICU, neonatal intensive care unit.
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at delivery, BMI, type of delivery, family history of DM, 
type of treatment, and the assigned protocol, we found 
that among mothers who had FPG between 92 mg/dL 
and 100 mg/dL in the first trimester, those mothers who 
were not diagnosed with GDM (group 3) were approxi-
mately half (RR: 0.45, CI 0.26 to 0.74) likely to develop 
macrosomia, compared with reference group 2 (mothers 
with a positive GDM diagnosis). After adjustment for the 
abovementioned potential confounders, risk of hypo-
glycemia increased by 87% in group 5 in comparison to 
group 2 (RR=1.87; 95% CI 1.13 to 3.22); furthermore, 
the risk of NICU admission decreased by 31% in group 6 
compared with group 2 (RR=0.69; 95% CI 0.51 to 0.94).

DISCUSSION
In the current secondary analysis of the randomized 
community non-inferiority trial, we presented the results 
of various GDM screening approaches in terms of adverse 
pregnancy outcomes. We found that (1) Screening and 
diagnostic approaches for GDM reduced the risk of 
adverse pregnancy outcomes to the same or near the 
same risk level of healthy pregnant women, except for 
the risk of NICU admission that increased significantly 
in groups diagnosed with GDM compared with healthy 
pregnant women (2) Individuals with slight increase in 
FPG (92–100 mg/dL) at first trimester, who were diag-
nosed with GDM, had an even increased risk of macro-
somia in comparison to those group of women with FPG 
92–100 mg/dL in the first trimester, who were not diag-
nosed with GDM, and developed GDM in the second 
trimester. These results were independent of potential 
confounders of age at enrollment, gestational age at 
delivery, BMI, type of delivery, family history of DM, the 
assigned protocols and type of medication.

Medical screening detects risk factors for disease or 
the presence of disease in asymptomatic or high-risk 
population subgroups in order to intervene early and 
reduce morbidity and mortality.30 A criterion of an ideal 
screening test is to demonstrate reasonable accuracy. The 
development of ever-more-sensitive diagnostic tests that 
challenge existing disease definitions is a major contrib-
utor to the rising problem of overdiagnosis and the subse-
quent risk of overtreatment.31

Optimum screening for GDM has been a matter of 
debate for years. The primary goal of GDM screening 
is to provide comprehensive GDM care in order to 
reduce the magnitude of the risk of adverse pregnancy 
outcomes to levels to those of healthy pregnant women 
without GDM. This community-based field randomized 
trial with different comparison groups and a high sample 
size could help with the clarification of conflicting results 
reported by previous studies.

For the initial comparison, we compared the risk of 
adverse pregnancy outcomes across various groups with 
healthy non-GDM participants as controls. The results 
of the study revealed that detecting and managing GDM 
could reduce the risk of adverse pregnancy outcomes 

to the risk level observed in healthy pregnancies. Inter-
estingly, in some GDM cases, the risk of adverse preg-
nancy outcomes was even lower than in healthy pregnant 
women. These findings could be attributed to the fact 
that a diagnosis of GDM medicalizes a pregnancy, leading 
to an increase in the healthcare delivery level from 
general practitioners or midwives into the hospital system 
with specialized care. It triggers interventions such as 
extra antenatal visits, frequent blood sugar measure-
ments, SMBG, performing regular biophysical profiles, 
and planned childbirth with earlier labor induction or 
caesarean section.32 We hypothesize that the intensive 
treatments of GDM including both tight glycemic control 
and several obstetrics monitoring/interventions in these 
patients may decrease the risk of adverse pregnancy 
outcomes in GDM cases to a similar or lower level than 
the risk observed in healthy pregnant women. However, 
while some babies can benefit, all babies treated, partic-
ularly pharmacologically, are exposed to some potential 
harm. In the current study, for example, the risk of NICU 
admission in treated groups was higher than in the healthy 
population. Consistent with this hypothesis, some studies 
showed that treatment of GDM could increase the risk of 
some neonatal outcomes including hypoglycemia, NICU 
admission, and SGA (Small for gestational age).14 33 34 In 
the recent well-designed published study, in agreement 
with our findings, Simmons et al assessed whether treat-
ment of gestational diabetes before 20 weeks’ gestation 
improves maternal and infant health (TOBOGM Study). 
A total of 802 pregnant women before the 20 weeks of 
gestation who had a risk factor for hyperglycemia and a 
diagnosis of gestational diabetes were randomly assigned 
to receive immediate treatment for gestational diabetes 
or deferred or no treatment, depending on the results 
of a repeat OGTT at 24–28 weeks’ gestation (control).35 
The TOBOGM (The Treatment of Booking Gestational 
Diabetes Mellitus) Study showed that treatment of early 
GDM in the higher band of glucose had more beneficial 
effects than diagnosing and treating GDM in the lower 
band of glycemia in the first trimester.

In another randomized controlled trial, Crowther 
et al sought to investigate the potential effects of using 
lower versus higher glycemic criteria at 24–32 weeks’ 
gestation for treatment of GDM on the maternal and 
infant outcomes.36 A total of 4061 women were randomly 
assigned to either the lower glycemic criterion group, as 
FPG levels of at least 92 mg/dL (≥5.1 mmol/L), a 1-hour 
level of at least 180 mg/dL (≥10.0 mmol/L), or a 2-hour 
level of at least 153 mg/dL (≥8.5 mmol/L), or the higher 
glycemic criterion group, which involved FPG levels of at 
least 99 mg/dL (≥5.5 mmol/L), or a 2-hour blood sugar 
level of 162 mg/dL (≥9.0 mmol/L). The results showed 
that using lower glycemic criteria for the diagnosis of 
GDM did not result in a lower risk of a large for gesta-
tional age infant than the use of higher glycemic criteria.

In addition, we found that women in group 2, who 
were diagnosed with GDM based on first trimester FPG 
levels 92–99.9 mg/dL, had higher risk of macrosomia 
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compared with others with first trimester FPG>100 mg/
dL, or those who were diagnosed with GDM in second 
trimester or healthy non-GDM pregnant women. We 
hypothesize that this group may have not received the 
pharmacological treatment needed to reduce their risk 
of adverse pregnancy outcomes. It should be noted that 
all of the pregnant women with mild GDM (group 2) 
received the GDM care which was initiated with adjust-
ment of their individual diet and lifestyle and were 
monitored for their fasting and postmeal glucose levels 
to meet their glycemic targets recommended by ADA 
guideline 2016 including fasting, 95 mg/dL, 1-hour post-
prandial, 140 mg/dL or 2-hour postprandial, 120 mg/
dL.23 27 If women did achieve glycemic goals within 2 
weeks, it demonstrated that lifestyle modification per se 
could successfully treat GDM and pharmacologic therapy 
did not. If glycemic targets were achieved over a 2-week 
period, this would indicate that lifestyle modification 
alone can serve as a successful treatment approach for 
GDM, and potentially eliminate the need for pharma-
cological therapy. Remarkably, most of the GDM cases 
were treated with these lifestyle modifications.24 In this 
respect, the importance of dietary modification in GDM 
is a premise unlikely to be contested and major scientific 
bodies recommended dietary and lifestyle modification as 
the mainstay and first step of GDM treatment.12 However, 
in clinical practice, there are limited data regarding the 
optimal follow-up management and interval for moni-
toring of blood glucose levels for these women with mild 
first-trimester GDM diagnoses. In our study, most of these 
women achieved glycemic goals within 2 weeks with life-
style modification and were monitored monthly to keep 
the fasting glycemic targets. The existing guidelines for 
managing GDM do not offer comprehensive recommen-
dations regarding the specific details and frequency of 
monitoring for pregnant women diagnosed with GDM in 
the first trimester. Additionally, there is a lack of specific 
guidance for monitoring pregnant women who have 
successfully achieved glycemic control through dietary 
interventions within a two-week period.11–13 25 26 37 38 As 
such, although they were monitored monthly, it might be 
possible that these patients suffer from delayed detection 
of blood glucose surge and missed the glycemic goals in 
some phases of pregnancy. On the other hand, due to 
the lack of re-screening for GDM between the 24th and 
28th weeks of gestation, the elevated insulin resistance 
during the second trimester may not have been detected 
in a timely manner. As a result, these individuals did not 
receive appropriate treatment with insulin or oral antihy-
perglycemic agents, nor did they receive other necessary 
obstetric care such as timely biophysical profile testing. 
Notably, since the peak postprandial blood glucose levels 
occur later in pregnant women than in the non-pregnant 
state,39 the 2-hour postprandial test which was used for 
monitoring blood glucose level, may not precisely detect 
the IR surge in the second trimester of pregnancy. 
However, in contrast, insulin/oral agent-treated patients 
had specific tight self and physician’s monitoring for 

maintaining therapeutic goals of glucose. Hence, we 
hypothesized that in women diagnosed with mild GDM 
during the first trimester, the achievement of glycemic 
targets within 2 weeks through dietary modifications may 
create a false sense of confidence for both the patient 
and the healthcare providers. This false confidence can 
hinder the timely diagnosis and prevention of adverse 
pregnancy outcomes.

Another potential explanation that may contribute 
to higher risk of adverse outcomes in nutrition-treated 
women from the first trimester of pregnancy, is that lower 
carbohydrate intake in this group may have led to higher 
fat intake which exacerbated maternal insulin resistance 
by free fatty acids.40–42 Taken together we hypothesized 
that both issues led to higher risk of adverse pregnancy 
outcomes in the group of women who received treatment 
from the first trimester of pregnancy. Consistent with 
these hypotheses, Yamamoto et al, in a systematic review 
and meta-analysis, highlighted the issue that although 
modified dietary interventions favorably influenced 
outcomes related to maternal glycemia and birth weight, 
the quality of the evidence about GDM and diet therapy 
in the scientific literature is low. As we suggest, they indi-
cated that that there is room for improvement in specific 
dietary recommendation and guideline for management 
of women with GDM, after achieving the glycemic goal.43

Further, we found that among pregnant women diag-
nosed with GDM using different screening and diag-
nostic approaches, there were no statistically significant 
differences in the risk of adverse maternal and neonatal 
outcomes compared with healthy pregnant women, 
except for a significantly higher risk of NICU admis-
sion in groups diagnosed with GDM compared with 
healthy pregnant women. However, this may primarily 
be attributed to various factors, including a preference 
for planned delivery to reduce the risk of excessive fetal 
weight gain and associated perinatal complications, such 
as perinatal mortality, shoulder dystocia, birth trauma, 
and cesarean delivery. Additionally, there is a need for 
optimal control of newborns with diabetic mothers with 
tight glycemic control, which may potentially lead to side 
effects such as neonatal hypoglycemia.5 44–46

The strengths and limitations of this study have been 
reported before.24 In summary, the generalizability of 
findings due to community-based design, large sample 
size, broad inclusion criteria, and adjusting for poten-
tial risk factors are the main strengths of this study. In 
contrast, since we used the primary healthcare setting as 
a platform of study, women with known chronic disor-
ders were not included in our study. Moreover, a central 
reference laboratory was not used for all our measure-
ments, though all laboratory procedures, equipment, 
and supplies were homogeneous in different geographic 
regions of the study, and monthly external quality 
controls were performed for each laboratory. Addition-
ally, it is important to note that all individuals diagnosed 
with GDM during the first trimester were considered to 
have GDM throughout the entire pregnancy and were not 
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re-evaluated during the second trimester. Consequently, 
we were unable to compare the outcomes of pregnant 
women who had GDM both in the first trimester and 
confirmed through re-screening in the second trimester. 
Due to the small number of some adverse pregnancy 
outcomes among the study groups, the results attributed 
to these outcomes should be interpreted with caution. 
However, since this study was a field trial, we could not 
precisely collect the details of adherence to various types 
of medication including monitoring of carbohydrate 
intake. Besides, the details of other treatments for adverse 
delivery outcomes such as antibiotic therapy in case of 
urinary tract infections was not available. Our approach 
to randomization was designed to achieve geographic 
diversity and ensure a representative sample across the 
different regions of Iran. While age, parity, and BMI are 
indeed important variables, we focused our randomiza-
tion strategy on factors that were considered central to 
our research objectives. However, to address this limita-
tion, these variables were included in a regression model 
to control for the variation introduced by these factors 
that were not entirely accounted for by the randomization 
process. Additionally, we considered a statistical power of 
85% (instead of the conventional threshold of 80%) to 
enhance confidence in detecting the specified effect size 
or differences between groups. As such, we conducted 
a comparison of six different diagnostic approaches for 
GDM across varying levels of FPG values and also used 
a one-step or two-step screening method. The inclusion 
of multiple study groups may introduce confusion about 
this study.

In conclusion, this secondary analysis improved 
our understanding of the impact of the various GDM 
screening approaches in the general population. The 
results of this study showed that the different screening 
and diagnostic approaches for GDM could reduce the 
risk of adverse pregnancy outcomes, to the same or near 
the same risk level of healthy pregnant women, except 
for the risk of NICU admission that increased signifi-
cantly in groups diagnosed with GDM compared with 
healthy pregnant women. Diagnosing pregnant women 
with slightly elevated FPG as GDM, may induce a false 
assurance for both the patient and the care provider; 
moreover lack of practical comprehensive guidelines 
for monitoring of these women throughout the preg-
nancy period may lead to neglect of hyperglycemia in 
the second trimester. We recommend that these women 
undergo a second-trimester OGTT for re-screening. 
The present study highlighted a need for more specific 
and improved guidelines for the management of preg-
nant women with the early elevation of FPG. A lower 
threshold for GDM diagnosis, coupled with a lack of 
clear guidelines for managing these patients could 
potentially lead to overdiagnosis of GDM that may harm 
pregnant women without improvement of pregnancy 
outcome.
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Abstract 

Background: There is lack of ideal and comprehensive economic evaluations of various GDM strategies. The aim 

of this study is to the compare efficacy and cost-effectiveness of five different methods of screening for gestational 

diabetes mellitus (GDM).

Methods: This study is a randomized community non-inferiority trial among 30,000 pregnant women in five different 

geographic regions of Iran, who were randomly assigned to one of the five GDM screening methods. All first trimester 

pregnant women, seeking prenatal care in governmental health care systems, who met our eligibility criteria were 

enrolled. The criteria suggested by the International-Association-of-Diabetes-in-Pregnancy-Study-Group, the most 

intensive approach, were used as reference. We used the non-inferiority approach to compare less intensive strategies 

to the reference one. Along with routine prenatal standard care, all participants were scheduled to have two phases 

of GDM screening in first and second-trimester of pregnancy, based on five different pre-specified protocols. The 

screening protocol included fasting plasma glucose in the first trimester and either a one step or a two-step screening 

method in the second trimester of pregnancy. Pregnant women were classified in three groups based on the results: 

diagnosed with preexisting pre-gestational overt diabetes; gestational diabetes and non-GDM women. Each group 

received packages for standard-care and all participants were followed till delivery; pregnancy outcomes, quality of 

life and cost of health care were recorded in detail using specific standardized questionnaires. Primary outcomes were 

defined as % birth-weight > 90th percentile and primary cesarean section. In addition, we assessed the direct health 

care direct and indirect costs.

Results: This study will enable us to compare the cost effectiveness of different GDM screening protocols and inter-

vention intensity (low versus high).

Conclusion: Results which if needed, will also enable policy makers to optimize the national GMD strategy as a 

resource for enhancing GDM guidelines.
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Background
Gestational diabetes (GDM) defined as hyperglycaemia 

at any time during pregnancy at levels below those that 

occurring in overt diabetes [1]. It is one of the most com-

mon glycemic disorders during pregnancy with occur-

rence of 1–28% of all pregnancies [2–5], along with the 

increased rate of obesity and advanced maternal age is 

rising in prevalence [6]. It is well documented that GDM 

is associated with both short as well as long term higher 

rates of adverse feto-maternal and neonatal outcomes 

[7–11]. From an obstetrical perspective, evidence shows 

that treatment of GDM is effective in reducing the risk 

of many of the important adverse pregnancy outcomes 

[12–14].

Despite the globally accepted importance of screening 

for and treating GDM [13], screening strategies, testing 

methods and even diagnostic optimum glycemic thresh-

olds for GDM remained much controversy for decades 

and no international consensus has been yet established 

[15]. In addition, the former screenings were mainly per-

formed to prevent adverse maternal outcomes compared 

to neonatal complications. Considering this, use of dif-

ferent tests and criteria will impact the prevalence of 

women diagnosed with GDM [5], and could also impact 

poor pregnancy outcomes [16, 17]. There is also much 

controversy about milder forms of GDM. For which, the 

associations of mild GDM with adverse pregnancy out-

comes are not completely understood; there is ongoing 

debate about the benefits of treating mild GDM and the 

impact on health care costs [18–21].

The Hyperglycemia and Adverse Pregnancy Outcomes 

(HAPO) study demonstrated that hyperglycemia at lev-

els below those previous recommended thresholds for 

GDM were associated with adverse maternal and neo-

natal outcomes; hence, the International Association of 

Diabetes in Pregnancy Study Group (IADPSG) intro-

duced new cutoffs for the 2-hour (2 h) oral glucose toler-

ance test (OGTT) in GDM screening and diagnosis [22]. 

Besides, at present, a 3-h 100  g diagnostic test is used 

predominantly in the United States and some other areas, 

whereas much of the world uses the 75 g, 2-h OGTT [5]. 

At present, there is little information regarding the sen-

sitivity and specificity of these test, and hence the rela-

tive clinical effectiveness of the two-steps of the 1-h 50-g 

glucose challenge test (GCT) following 3-h 100  g oral 

glucose tolerance (OGTT) diagnostic test and the one-

step OGTT approaches in the same population. However 

using the IADPSG criteria, two to threefold more women 

qualified for a diagnosis of GDM, potentially adding to 

the costs of care of the already large number of pregnant 

women [23–25].

With both increased prevalence and adopting lower-

ing of the thresholds for diagnosis, the healthcare cost of 

GDM can be expected to rise proportionately. It follows 

that the debate as to whether or not a benefit exists in 

the treatment of GDM assumes even greater importance 

now than in the past. However, since in most countries, 

resources are inevitably scarce, healthcare interventions 

should be evaluated for their impact the on cost as well as 

effectivity on clinical outcomes [26]. Moreover, while not 

recognizing that GDM is associated with adverse preg-

nancy outcomes, over-diagnosis may lead to psychologi-

cal stress, unnecessary treatments and impaired quality 

of life [27–29].

There is lack of ideal and comprehensive economic 

evaluations of various GDM strategies; the majority of 

existing cost-effective analyses are based on decision 

analysis modelling not real data, limited obtained from 

randomized clinical trials that documented controversial 

results [20, 30–38]. In addition most studies have been 

conducted in well-developed high-income countries 

which obviously have more developed healthcare systems 

than low and middle-income countries, where gesta-

tional diabetes has the highest prevalence. According to 

a WHO report, global and local decision-making regard-

ing GDM strategies are challenging due to the lack of 

optimum economic evaluations of various GDM screen-

ing protocols, making it difficult to validated implement 

any national recommendations from a health economic 

perspective [31]. Since resources are unavoidably scarce, 

national health care interventions should be assessed 

for their impact on costs as well as on clinical outcomes; 

the most highly recommended practice is that economic 

evaluation should be an integral part of randomized clin-

ical trials [39]; each population needs to adopt its com-

munity specific guidelines [40].

In this ongoing randomized community-field non-infe-

riority trial, we aimed to compare the cost-effectiveness 

of five different pre-defined GDM screening protocols, 

both one and two step, using different fasting plasma glu-

cose thresholds to ascertain the optimum GDM screen-

ing protocol.

Materials and methods
Research questions and objectives

This study is being performed to provide real data col-

lected from an unbiased population trial for assessment 

of the following hypothesis: (i) the prevalence of GDM 

when using the less intensive GDM screening strategies 

is not more than obtained using the IADPSG criteria. 

(ii) The pre-specified primary outcomes in less inten-

sive GDM screening strategies are not worse than those 

obtained using IADPSG criteria. (iv) The cost of health 

care using less intensive GDM screening strategies is 

not higher than incurred using IADPSG criteria. (v) The 
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numbers needed to treat (NNT) to prevent one primary 

outcome in less intensive strategies are the same as those 

obtained using IADPSG criteria.

The cost of prevention for one primary outcome in 

less intensive strategies is the same as that for IADPSG 

criteria.

According to our research hypothesis, primary out-

comes hence are: percentage of birth weight > 90th 

percentile and primary cesarean section. Secondary 

outcomes are prevalence of neonatal hypoglycemia, 

birth weight < 10th percentile, neonatal admission to the 

intensive care unit, shoulder dystocia and birth trauma 

including fracture of clavicle and brachial plexus injury, 

intrauterine fetal death, preeclampsia and preterm labor, 

neonatal hyperbilirubinemia and hypocalcemia. In addi-

tion, the study will assess the direct health care costs 

including prenatal clinic visits, obstetrician visits, endocri-

nologist visits, dietician visits, blood glucose monitoring 

equipment, laboratory test cost, pharmacotherapy, addi-

tional fetal well-being assessments and hospitalization as 

well as indirect cost of productivity loss and charges to the 

family including traveling, food substitution, mother time 

off paid work, and partner time off work.

Overall study design

This is a randomized community-field trial including 

five GDM screening strategies in a parallel group design. 

Recruitment of the participants took place between Sep-

tember 2016 and January 2019 in 1015 health centers in 

25 selected cities of five provinces of Iran.

All pregnant women < 14  weeks of gestation, who 

received prenatal care from governmental health care sys-

tems were eligible for enrollment, except where the fol-

lowing specific exclusion criteria prevented this: Maternal 

age < 18 years, preexisting diabetes, date of last menstrual 

period not certain, no ultrasound estimation from 6 to 

14  weeks of gestational age available, chronic hyperten-

sion, asthma or currently receiving treatment with oral 

glucocorticoids, β-blockers, oral β-mimetics, Dilantin, or 

antiretroviral agents and past history of bariatric surgery.

All participants received standard prenatal care recom-

mended by the American College of Obstetricians and 

Gynecologists (ACOG) [41]. Moreover, participants were 

scheduled to have two phases of GDM screening in the first 

and second trimesters of pregnancy, based on the pre-spec-

ified protocol for GDM screening, selected for each city.

At each prenatal visit, standardized questionnaires 

were administered to document prenatal as well as other 

data needed for research by trained midwives.

Sample size calculation

Based on previous studies, we assumed that the pri-

mary event rate of macrosomia to be equal to 10% for all 

groups with no difference. To obtain a statistical power 

of 85% with a 1-sided type one error of 0.005 (consider-

ing multiple comparisons) approximately 4700 patients 

per group are needed to show the non-inferiority of more 

intensive compared to lower intensive strategies with a 

marginal difference of 0.03. With a design effect of 0.001 

(for cluster sampling) and loss to follow-up of 11%, sam-

ple size reached to 5200 in each group [42].

In addition, superiority analyses will be designed to 

show that one screening strategy is superior to another 

after non-inferiority has been demonstrated.

Randomization and allocation

Initially all provinces of Iran were categorized to five 

stratum based on their geographic location (North, East, 

West, South, and Center of Iran) and one province in 

each stratum were randomly selected; then, the list of 

the cities located in each province were provided. Since 

the socioeconomic status in the center of provinces may 

differ from other cities, in the second phase, all cities in 

each province were classified in two clusters of center of 

the province and other cities. At the end, four cities were 

randomly selected from the list of other cities in each 

province.

For allocation of protocols, in the cluster of the pro-

vincial centers, five different protocols were randomly 

allocated to each provincial center. Also, in the cluster of 

other cities, four other cities in each province were ran-

domly allocated to the rest of the protocols (Fig. 1). Sam-

ple size for each city was estimated through probability 

proportional to size (PPS), defined by number of live 

births of the cities.

Intervention

Following the approval of this study, the study procedure 

was released as a guideline to all the selected cities. In 

this respect, workshops were conducted in each city to 

introduce the study protocol and train the caregivers and 

study staff accordingly. Dieticians, obstetricians, inter-

nal medics, laboratory technicians and endocrinologists 

in each province were invited to a scientific workshop to 

harmonize and coordinate the follow ups and treatment 

of GDM patients. Scientific teams with specialists and 

executive members conducted visits every 2  months. A 

telegram channel was developed for daily online commu-

nication of scientific members and executive members at 

both provincial and city levels to answer questions and 

solve any problems encountered.

Along with routine standard prenatal care, all pregnant 

women was screened for GDM based on the pre-speci-

fied protocol assigned to each city. In this respect, early 

screening of GDM was conducted in the first trimester 

of pregnancy, using fasting plasma glucose (FPG) from 
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venous sample with the specific threshold based on each 

screening protocol; based on the results of those screen-

ing tests, pregnant women were classified in to three 

groups: (i) diagnosed with preexisting pre-gestational 

overt diabetes; (ii) gestational diabetes and (iii) non-

GDM women. In addition, at 24–28 weeks of gestation, 

those not previously known to have diabetes (overt or 

gestational), were screened again for GDM based on pre-

specified protocol criteria assigned to that city. All study 

participants were followed till delivery and pregnancy 

and neonatal outcomes and health cost were recorded in 

detail. Definitions of various protocols for screening are 

presented in Table 1.

Each group received packages of standard care based 

on their health status. In this respect, non-GDM preg-

nant women received routine standard care recom-

mended by the American College of Obstetricians and 

Gynecologists (ACOG) 2013 [41]. Moreover, pregnant 

diabetic patients received specific prenatal and diabetic 

care, recommended by the American College of Obste-

tricians and Gynecologists (ACOG) 2013 [43] and the 

American Diabetes Association (ADA) 2016 [44].

Summary of management of Gestational Diabetes 

in Pregnancy

After diagnosis of GDM, treatment was initiated with 

medical nutrition therapy, physical activity, and weight 

management and blood glucose monitoring to achieve 

the targets recommended by ADA guideline 2016 [44] 

including fasting, 95 mg/dL, 1-h postprandial, 140 mg/

dL or 2-h postprandial, 120  mg/dL. Medical nutri-

tion therapy for GDM will be individually planed for 

participants by the dietitian. The food plan provides 

enough calorie intake to promote fetal/neonatal and 

maternal health, achieve glycemic goals, and promote 

appropriate gestational weight gain, based on the Die-

tary Reference Intakes (DRI) recommendation includ-

ing a minimum of 175  g carbohydrate, a minimum of 

71 g protein, and 28 g fiber [44].

If women did not achieve glycemic goals within 

2 weeks, pharmacologic therapy will be offered by spe-

cialized physicians including obstetricians, internists 

or endocrinologists at the second level of the health-

care delivery system. Insulin is the first-line agent 

recommended for treatment of GDM. Self-monitor-

ing of blood glucose (SMBG) was used for achieving 

and maintaining therapeutic goals in insulin-treated 

patients. The frequent use of capillary blood glucose 

tests of SMBG was scheduled four times a day, fasting, 

2-h after breakfast, lunch and dinner or if the patients 

had hypoglycemic symptoms for at least 2 weeks. After 

achieving the therapeutic target, SMBG was performed 

two times a day. In addition, if women decline insulin 

therapy, metformin will be offered as an alternative or 

All provinces in Iran 

North of Iran (Golestan province)

West of Iran (Kurdistan province)

Center of Iran (Yazd province) 

East of Iran (South Khorasan province)

South of Iran (Bushehr province)

Stratification according to the 

geographical region  

Clustering

based on socio-

economic 

situation

First cluster: 

centers of 

provinces 

Second cluster: 

Other cities in 

each province 

Random allocation

of protocol among 

center of provinces

Golestan province: Gorgan city (E)  

Kurdistan province: Sanandaj city (B) 

Yazd province: Yazd city (C) 

South Khorasan province: Birjand city (D) 

Bushehr province: Bushehr city (A)  

Random allocation of protocol 

among 4 cities in each province 

Golestan Province 

City 1: Gonbad (C) 

City 2: Agh-ghela (D) 

City 3: Torkaman (A) 

City 4: Ali-abad (B) 

Kurdistan Province 

City 1: Saghez (A) 

City 2: Ghorveh (E) 

City 3: Marivan (C) 

City 4: Baneh (D) 

Yazd Province 

City 1: Ardakan (D) 

City 2: Mehriz (B) 

City 3: Meibod (E) 

City 4: Bafgh (A) 

Bushehr Province 

City 1: Dashtestan (C) 

City 2: Dashti (D) 

City 3: Gonaveh (E) 

City 4: Kangan (B) 

South Khorasan Province 

City 1: Ghaen (E) 

City 2: Ferdous (C) 

City 3: Tabas (A) 

City 4: Nehbandan (B) 

Random selection of 

4 cities in each 

provinces 

Fig. 1 Randomization and allocation of study
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adjunct to insulin after clarifying the harms and ben-

efits of metformin therapy for patients [44] (Fig. 2).

Data collection

Data were collected from participants at scheduled time 

points (Table  2) using pre-specified questionnaires and 

clinical and para clinical exams by trained midwives. 

Moreover, data on neonatal mortalities that occurred 

after hospital discharge were collected at 4  weeks post-

partum by telephone and subsequent reviews of medical 

records.

Questionnaires

1. Prenatal questionnaire This comprehensive ques-

tionnaire includes two sections: 1—contains the 

past medical, reproductive, obstetrics, and gyneco-

logical history, completed only at first prenatal visit 

2—focuses on current pregnancy information and 

this part was completed at each prenatal visit during 

pregnancy (Additional file 1: PART 1: Prenatal Care 

Form).

2. Delivery, postpartum and neonatal questionnaire 

This questionnaire contains the details of delivery 

and its methods and any adverse maternal–fetal/neo-

natal outcomes (Additional file 1: PART 2. Childbirth 

and New-born Report Form).

3. Quality of life questionnaire The Iranian version of 

36-item short form health survey questionnaire (SF-

36) [45–48] was used to measure the physical and 

mental components of health-related quality of life. 

The SF-36 included 36 items with 8 subscales; physi-

cal functioning, role limitations due to physical prob-

lems, bodily pain, general health perceptions, vitality, 

social functioning, role limitations due to emotional 

problems and perceived mental health. This ques-

tionnaire was completed monthly for all GDM 

patients since the time of diagnosis. Also, it were 

done for 5% of non-GDM pregnant women visited 

from the first visit for prenatal care (Additional file 1: 

PART 3. 36-Item Short Form Survey Instrument).

4. Cost-effectiveness questionnaire This questionnaire 

included 50 items with three subscales: (i) self-pur-

chased health care, (ii) travel costs for making return 

visit(s) to health care and (iii) time costs of travel-

Table 1 Definitions of various protocols for screening of gestational diabetes mellitus

In the first trimester overt diabetes is defined as FPG ≥ 126 mg/dL

FPG fasting plasma glucose, GCT  glucose challenge test, OGTT  oral glucose tolerance test

Protocol First trimester Second trimester

Diagnostic criteria for GDM Method for GDM screening Diagnostic threshold of test Diagnostic criteria

A 92 mg/dL < FPG > 126 mg/dL One step with 2-h 75 g OGTT Fasting ≥ 92 mg/dL
1 h ≥ 180 mg/dL
2 h ≥ 153 mg/dL

GDM is defined as any of the given 
plasma glucose values are met or 
exceeded

B 100 mg/dL < FPG > 126 mg/dL One step with 2-h 75 g OGTT Fasting ≥ 92 mg/dL
1 h ≥ 180 mg/dL
2 h ≥ 153 mg/dL

GDM is defined as two or more of the 
given plasma glucose values are 
met or exceeded

C 100 mg/dL < FPG > 126 mg/dL One step with 2-h 75 g OGTT Fasting ≥ 92 mg/dL
1 h ≥ 180 mg/dL
2 h ≥ 153 mg/dL

GDM is defined as any of the given 
plasma glucose values are met or 
exceeded

D 92 mg/dL < FPG > 126 mg/dL Two steps with 50 g GCT—1 h 
following

3-h 100 g OGTT 

50 g GCT: GDM is defined as if two or more of 
the given plasma glucose values in 
100 g OGTT are met or exceeded

  BS-1 h: ≥ 140 mg

100 g OGTT:

  Fasting ≥ 95 mg/dL

  1 h ≥ 180 mg/dL

  2 h ≥ 155 mg/dL

  3 h ≥ 140 mg/dL

E 100 mg/dL < FPG > 126 mg/dL Two steps with 50 g GCT—1 h 
following

3-h 100 g OGTT 

50 g GCT: GDM is defined as if two or more of 
the given plasma glucose values in 
100 g OGTT are met or exceeded

  BS-1 h: ≥ 140 mg

100 g OGTT:

  Fasting ≥ 95 mg/dL

  1 h ≥ 180 mg/dL

  2 h ≥ 155 mg/dL

  3 h ≥ 140 mg/dL
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ling and attending health care center. Effectiveness 

was measured in terms of quality adjusted life years 

(QALYs), using the EQ-5D 3L questionnaire com-

pleted by participants at the follow up time points. 

It includes five questions, each assessing one of 

five dimensions of the health related quality of life 

(Mobility, Self-Care, Usual Activities, Pain/Discom-

fort and Anxiety/Depression). Each of these dimen-

sions has to be answered on a 3-level scale (no prob-

lems, some or moderate problems, and extreme 

problems). The scales are scored from 1 (no problem) 

to 3 (extreme problem) in each question; and finally 

the score digits are placed together to yield a 5-digit 

code for the health status of each patient (Additional 

file 1: PART 4. Cost effectiveness Form).

Maternal anthropometric, clinical, and laboratory 

assessments

Weight was measured to the nearest 100 g using digital 

scales while the participants were minimally clothed, 

without shoes. Height was measured to the nearest 

0.5  cm, in a standing position without shoes, using a 

tape measure, while shoulders were in normal align-

ment. Body mass index (BMI) was calculated as weight 

(kg) divided by height squared  (m2). After a 15-min rest 

in the sitting position, two measurements of systolic and 

diastolic blood pressure (SBP and DBP) were taken on 

the right arm, using a standardized mercury sphygmoma-

nometer (calibrated by the Iranian Institute of Standards 

and Industrial Researches); the mean of the two measure-

ments was considered as the participant’s blood pressure.

Plasma glucose were measured on the day of blood 

collection. A blood sample was drawn between 7:00 

and 9:00 AM from all study participants, after 8 to 10 h 

overnight fasting. For the 75-g OGTT-82.5  g of glucose 

monohydrate solution (equivalent to 75 g anhydrous glu-

cose), for the 50 g glucose challenge test (GCT)-55 g of 

glucose monohydrate solution (equivalent to 50 g anhy-

drous glucose) and for the 100-g OGTT-100 g of glucose 

monohydrate solution (equivalent to 110  g anhydrous 

glucose) were administered orally to subjects and plasma 

glucose was measured, using an enzymatic colorimetric 

method with glucose oxidase; inter- and intra-assay coef-

ficients of variation were less than 2.3%. Analyses were 

performed using Pars Azmon kits (Pars Azmon Inc., Teh-

ran, Iran) using the Selectra 2 auto-analyzer (Vital Scien-

tific, Spankeren, Netherlands).

Neonatal anthropometric, clinical, and laboratory 

assessments

Neonatal anthropometric and clinical measurement 

were measured by trained staff. Birth weight was meas-

ured without diapers using a calibrated digital baby scale 

Initial Assessment

Early GDM* screening by FPG** at gestational age <14 

HealthyGDM
Overt DM 

Medical nutrition therapy 

and physical activity

Glycemic goals achieved

GDM Healthy 

Pharmacologic therapy provided by specialist 

physician
Continued Medical nutrition therapy, physical activity and 

blood glucose monitoring 

GDM screening at gestational age 24-28 w

Glycemic goals not achieved

Blood glucose monitoring after 2 weeks

Fig. 2 Flow chart of screening and management of Gestational Diabetes in Pregnancy. *GDM: gestational diabetes mellitus; **FPG: fasting plasma 

glucose
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Table 2 Outlines of periodic assessments of study participants

a Data collected from routine and expert scans that occur during the time points

b If GDM or other complication were diagnosed, subsequent additional visits, measurements and standard treatment were performed

c Feto-maternal outcomes continuously recoded include abortion, gestational hypertension, pre-eclampsia/eclampsia, preterm birth, instrumental delivery, primary cesarean section, polyhydramnios, oligohydramnios, 

premature rupture of membrane, placenta Previa, placenta abruption, postpartum hemorrhage, wound and incision infection

d Neonatal outcomes include shoulder dystocia, intrauterine growth restriction, macrosomia, Apgar score, neonatal hypoglycemia, neonatal hypocalcemia, neonatal hyperbilirubinemia, polycythemia, neonatal intensive 

care unit admission, neonatal care unit admission, Respiratory distress syndrome, congenital anomaly, neonatal asphyxia, intrauterine fetal death, perinatal death, Erb–Duchenne palsy, birth trauma, neonatal sepsis

e Measured for high risk groups

Method or sample used > 14 week 14–19 week 20–23 week 24–30 week 31–34 week 35–37 week 38 week 39 week 40 week Birth 28 days 
after birth

Maternala,b

 Past medical, reproductive and obstetrics history

 Weight Calibrated scale a a a a a a a a a

 Height Stadiometer a

 Blood pressure (systolic, 
diastolic)

Calibrated mercury 
sphygmomanometer

a a a a a a a a a

 Fundal height Measuring tape a a a a a a a a

 Fetal heart rate a a a a a a a a

 Fetal ultrasound a a a

 FPG Venous sample a

 OGTT-75 g or GCT following 
OGTT-100 g

Venous sample a

 Quality of life Questionnaire a a a a a

 Drug adherence Questionnaire a a a a a

 GDM treatment satisfaction Questionnaire a a a a a

 Cost-effectiveness Questionnaire a a a a a a

 Feto-maternal  outcomesc a

Neonatala,b

 C-peptide Cord sample a

 Weight Calibrated baby scale a

 Recumbent length Infantometer a

 Head circumference Measuring tape a

 Blood  glucosee Heel-stick sample a

 Neonatal  outcomesd a a
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(SECA model 334; SECA Corp., Hamburg, Germany) to 

the nearest 1  gr, within an hour after delivery. Recum-

bent length was measured to nearest 0.1 cm from the top 

of the head to the sole of the feet using an infantometer 

(Easy-Glide Bearing Infantometer, Perspective Enter-

prises). Head circumference (HC) was measured at the 

largest occipito-frontal diameter and the measurement 

was rounded to the nearest 0.25 cm. The largest of three 

consecutive measurements was recorded.

In this respect, two measurements were obtained, and 

if results differed by > 10  g for weight and 0.5  cm for 

length or head circumference, a third measurement were 

taken. The average of the two or three measurements was 

used for final analysis.

According to the national Iranian guidelines, all new-

borns were exclusively breastfed early after delivery. 

Infants were either screened for hypoglycemia 1–2  h 

after birth before a feeding based on the presence of 

defined risk factors including maternal GDM/overt DM, 

birth weight > 90th percentile, maternal BMI > 30, birth 

weight < 10th percentile, early preterm birth less than 

34  weeks of gestation, perinatal acidosis, 5-min Apgar 

score of 0–3, failure of breastfeed and sepsis.

In this respect, blood glucose levels were measured 

using heel-stick sampling at 1, 3, 6, 12, and 24  h after 

birth before a feeding. Additional blood glucose measure-

ments were performed in case of hypoglycemia or clinical 

symptoms including sweating, weak or high-pitched cry, 

feeding difficulties, poor sucking, tremors, hypothermia, 

irritability, lethargy/stupor, hypotonia, seizures, apnea, 

grunting or tachypnea or cyanosis. Using point-of-care 

testing, glucose was measured with the glucose oxidase 

method (Pars Azmon Inc., Tehran, Iran).

Cord serum C-peptide sample, as the index of fetal 

β-cell function, was collected at the time of delivery in a 

subsample of 1000 participants with different screening 

protocol. Samples collected were centrifuged for 10 min 

at 3000  rpm, stored at − 80  °C and transferred to cen-

tral laboratory. C-peptide were determined with ELISA 

method (Mercodia AB, Uppsala, Sweden); the inter- and 

intra-assay coefficient of variation were < 2.3% and 1.5%, 

respectively.

The need for other assessments, such as serum biliru-

bin or imaging tests were determined based on clinical 

indications.

Definition of study outcomes

Outcomes of study were defined as follows: Macroso-

mia/large for gestational age (LGA) was defined as 

birth-weight > 4000  g and/or fetal-weight > 90th per-

centile for a given gestational age [49] using ultrasound 

biometry for estimating the fetal-weight and multina-

tional World Health Organization (WHO) fetal growth 

chart for defining the percentile. Primary cesarean sec-

tion was defined as the cesarean deliveries out of all 

births to women who had not had a previous cesarean 

delivery [50]; abortion refers to a termination of a preg-

nancy either natural or induced before the completion 

of 20  weeks of gestation. Polyhydramnios is defined as 

excess accumulation of amniotic fluid with 4-quadrant 

amniotic fluid index (AFI) more than 24  cm or a single 

maximum vertical pocket more than 8  cm [51]. Oligo-

hydramnios refers to decreased amniotic fluid volume 

relative to gestational age with AFI less than 24  cm or 

a single maximum vertical pocket less than 8  cm [52]. 

Intrauterine growth restriction (IUGR)/fetal growth 

restriction was defined as fetal-weight less than the 10th 

percentile for gestational age [53] using ultrasound biom-

etry for estimating the fetal-weight and multinational 

World Health Organization (WHO) fetal growth chart 

for defining the percentile. Small size for gestational age 

(SGA) refers to birth-weight less than the 10th percentile 

for gestational age [53, 54] using gender specific WHO 

weight-for-age chart for defining the percentile. Hypo-

glycemia was defined as plasma glucose concentration 

< 47 mg/dL in the first 48 h after delivery [55, 56]; hyper-

bilirubinemia was determined by value greater than the 

95th percentile for any given point after birth [57]; Ges-

tational hypertension was defined as a systolic pressure 

of ≥ 140  mmHg or a diastolic pressure of ≥ 90  mmHg 

taken on two occasions, at least 4  h apart [58, 59]; 

Preeclampsia was defined as an elevation in blood pres-

sure ≥ 140  mmHg systolic or ≥ 90  mmHg diastolic on 

two occasions at least 4 h apart after 20 weeks of gesta-

tion in a women with a previously normal blood pres-

sure and proteinuria ≥ 300 mg per 24 h urine collection 

or protein/creatinine ratio greater than or equal to 0.3 

or dipstick reading of 1+ and more if other quantitative 

methods were not available. In the absence of proteinu-

ria, new-onset hypertension with the new onset of any 

of the thrombocytopenia, renal insufficiency, impaired 

liver function, pulmonary edema and cerebral or visual 

symptoms [59]; preterm birth was defined as when birth 

occurs between 20 and 37  weeks of pregnancy [60]; 

shoulder dystocia was defined clinically, where provid-

ers are required to provide additional obstetric maneu-

vers when gentle downward traction has failed to affect 

the delivery of the shoulders [61] and birth trauma was 

defined as brachial plexus palsy or clavicular, humeral, or 

skull fracture. Mild GDM is defined as: a fasting glucose 

level of > 92 and < 100  mg per decilitre in 1st trimester 

of pregnancy and only one glucose measurement exceed-

ing from established thresholds for 2-h 75gOGTT as fol-

lows: FPG > 92 mg/dL, 1-h plasma glucose >  180 mg/dL, 

2-h plasma glucose >  53  mg/dL at the 24–28  weeks of 

gestation.
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Data cleaning and missing data

The following minimal data must be available for women 

to be included in the analysis of pregnancy outcomes: 

Completed enrollment forms and questionnaire, com-

pleted results of GDM screening, type of delivery, birth 

weights and clear status of exclusionary criteria.

Missing values will be managed using appropriate 

imputation methods. Outliers will be identified using 

graphical tools including boxplot and/or Model-based 

methods like Chauvenet’s criterion and Dixon’s Q test 

[62, 63].

Data analysis

To illustrate distribution of the data, appropriate descrip-

tive statistics such as measures of central tendency, index 

of dispersion and percentiles will be reported along with 

normality assumption testing through Kolmogorov-

Smirnoff test. Maternal, neonatal and obstetric outcomes 

of the 4 less intensive screening strategies with IADPSG 

criteria will be compared using parametric or non-para-

metric statistical tests, where applicable.

In addition, based on the type of outcome variables, 

Generalized Linear Models (GLMs) with different link 

function such as linear, count or binary will be applied. 

Stepwise method with P-value < 0.2 will be used to 

identify significant confounding variables and estimate 

adjusted measures of interests. Moreover, longitudi-

nal modeling through Generalized Estimating Equation 

(GEE) analysis approach will be conducted and to calcu-

late Number Needed to Treat (NNT), the Linear GLM 

model will be applied as well. Since this is a cluster rand-

omized trial, cluster effect in analysis will be considered.

Cost‑effectiveness analysis (CEA)

A cost-effectiveness analysis, comparing 4 less inten-

sive screening strategies with IADPSG criteria will be 

conducted on an intention-to-treat basis by estimating 

various parameters including Quality-adjusted life years 

(QALYs), incremental cost-effectiveness ratio (ICER), 

and incremental net benefit (INB). To estimate mean cost 

in each treatment group, regression models will be used. 

General linear models (GLM) with appropriate variance 

functions e.g. gamma, Poisson, etc. and link will be used 

to identify the relationship between treatment allocation 

and costs after adjusting for minimization and the appro-

priate prognostic covariates at baseline (e.g. Baseline 

EQ-5D score). To estimate the incremental effect of the 

treatment indicator variable, recycled predictions will be 

used [64].

A sensitivity analysis will be conducted to assess how 

sensitive the cost-effectiveness results are to variation in 

key parameters including cost.

Bayesian and Markov Modeling

Bayesian Cost Effectiveness Modeling (BCEM) will be 

used to overcome the complexity of the relationships 

linking a suitable measure of clinical benefit (e.g. quality-

adjusted life years) and the associated costs. Simplifying 

assumptions, such as normality of the underlying distri-

butions, are usually not granted, particularly for the cost 

variable, which is significantly skewed distributions. In 

addition, individual-level data sets are often character-

ized by the presence of structural zeros in the cost vari-

able [65–67]. Bayesian models will be used to account for 

the presence of excess zeros in a distribution and have 

been applied in the context of cost data (Fig. 3).

Markov model will be used to extrapolate the results 

of the trial beyond the follow up, which will eventually 

provide longer-term cost-effectiveness. Markov decision 

processes (MDPs) are a powerful and appropriate tech-

nique for modelling medical decision. MDPs are most 

useful in classes of problems involving complex, stochas-

tic and dynamic decisions like medical treatment deci-

sions, for which they can find optimal solutions [68]. 

Physicians will always need to make subjective judgments 

about treatment strategies, but mathematical decision 

models can provide insight into the nature of optimal 

choices and guide treatment decisions [69]. Markov 

models can be used to describe various health states in 

a population of interest, and to detect the effects of vari-

ous policies or therapeutic choices. In addition, we will 

apply decision tree analysis and then apply probabilistic 

approach.

All data analysis will be conducted using R (Version 

2.2.2) and TreeAge (Version 13) softwares.

Approval and ethical considerations

This trial has been approved and funded by the National 

Institute for Medical Research Development under 

Grant Agreement No IR.NIMAD.REC.1394.013. Fund-

ing source had no involvement in the study. The proto-

col was approved by the national ethics committee of 

the National Institute for Medical Research Develop-

ment (Approval number: IR.NIMAD.REC.1394.013). 

In addition, the Iranian Ministry of Health and Medical 

Education (MoHME) approved the study protocol and 

pre specified GDM modalities were made available to all 

those provinces as mandatory guidelines. This field trial 

has been registered in Iranian Registry of Clinical Trials 

(Trial Registration: IRCT138707081281N1).

Discussion
At present, there is a lack of international consensus 

about the diagnosis of gestational diabetes. Screening 

strategies, testing methods and even diagnostic opti-

mum glycemic thresholds for GDM remain the subject 
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of considerable debate. Although gestational diabetes 

mellitus is a recognized marker for an increased risk of 

subsequent diabetes, its clinical significance with respect 

to its various definitions and various adverse pregnancy 

outcomes has not been clearly elucidated. Women with 

severe gestational diabetes and highly elevated fasting 

plasma glucose levels apparently are at an increased risk 

for adverse pregnancy outcomes if treatment is not pro-

vided, yet the association of milder forms of gestational 

diabetes with such outcomes remains unclear. Despite 

the HAPO study having provided valuable evidence of 

the association of maternal blood glucose with adverse 

pregnancy outcomes, it is worth noting that HAPO study 

was a purely observational study that conducted in west-

ern countries.

Considering the fact that majority of births annually 

occur in low- and low–middle income countries with 

high prevalence of GDM and limited resources [5], the 

cost-effectivity of this definition needs to be re-evaluated 

in other communities; the present study will hopefully 

provide such information from an eastern Mediterranean 

region. Moreover there is little information compar-

ing the clinical efficacy, utility and feasibility of the two 

step GDM screening test and a 3-h oral glucose tolerance 

test (GTT) and the one step oral glucose tolerance test 

(OGTT) approaches, our study will provide comprehen-

sive data on this comparison in the same population.

According to a WHO report, global and local decision 

making regarding GDM strategies are challenging due 

to the lack of optimum economic evaluations of vari-

ous GDM screening protocols; as a result our study will 

provide the data needed for each community to adopt its 

specific GDM screening guidelines according to the rea-

sonable cost for prevention of the adverse short and long 

term effects of GDM.

The limitations of our study of course should be 

addressed. Since specific questionnaires for evaluation of 

QOL and drug adherence in patients with GDM were not 

available, general questionnaires was used. In addition, 

we did not use the central reference laboratory for all of 

our measurement except C-peptide. Since homogeneity 

of laboratory procedures are essential to the success the 

study, we used standardized procedures in all provinces 

including local training of field center laboratory person-

nel, using a common protocol for measurement of glu-

cose; using of standard equipment and supplies; monthly 

external quality controls for each laboratory. Moreover, 

glycosylated hemoglobin A1c (HbA1c) measurements 

were not available in our study.

Conclusions
Results which if needed, will also enable policy makers 

to optimize the national GMD strategy as a resource for 

enhancing GDM guidelines.
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