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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 35430 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—-99.9mg/dL, GDM diagnosed

at first trimester; (3) First trimester FPG: 92-99.9mg/dL,

GDM diagnosed at second trimester; (4) First trimester FPG:
92-99.9mg/dL, healthy at second trimester; (5) First trimester
FPG<92mg/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.
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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 35430
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.

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
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healthy pregnant women. Individuals with slight increase in FPG (92—100mg/
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."

Gestational diabetes mellitus (GDM) is the most
prevalent chronic disorder during pregnancy,
affecting approximately one in every six pregnancies
worldwide.?” 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.*™

It is well acknowledged that the screening and
treatment of GDM could improve adverse preg-
nancy outcomes.* 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).°
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.'” Today, although there
are still large controversies,'’™* 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 pregnancy'*'” 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.'®?? 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.** ** 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 35430 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 byears, 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,” In protocol A, GDM was character-
ized as an FPG level between 92mg/dL and 125mg/
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 100mg/dL and
125mg/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
125mg/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 100mg/dL and 125mg/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 100mg/dL and
125 mg/dL.>*

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,” 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 35430 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 100-125mg/dL, diagnosed as GDM, according to
the all prespecified protocols; (2) Those who had first
trimester FPG levels 92-99.9mg/dL, diagnosed as GDM
according to the protocols A and D; (3) Those who had
first trimester FPG levels 92-99.9mg/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 92-99.9mg/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
<92mg/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 <92mg/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 2018*° and the American Diabetes
Association (ADA) 2016*” 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 95mg/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 125mg/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
180mg/dL, or 2hours 153 mg/dL. Protocol B differed from Protocol A in the definition of GDM in the first trimester, which was FPG between
100mg/dL and 125mg/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 125mg/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 100mg/dL and 125mg.
FPG, fasting plasma glucose; GDM, gestational diabetes mellitus.
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of 140mg/dL, or a 2-hour postprandial level of 120mg/
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 175g, a minimum protein intake of 71g,
and a fiber intake of 28g. 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, 2hours after breakfast, lunch, and dinner, or if
patients experienced symptoms of hypoglycemia for at
least 2weeks. 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 75g 2-hour OGTT.
Participants were diagnosed with GDM if at least one
value exceeded the cutoff, including FPG>92mg/dL,
but <126 mg/dL and/or 2-hour OGTT>153mg/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 100g 3-hour OGTT. GDM was
diagnosed if two glucose values were above the threshold
including: FPG>95mg/dL; 1 hour glucose level>180 mg/
dL; 2-hour glucose level>155mg/dL; and 3-hour glucose
level>140 mg/dL.

Outcomes of the study were defined as follows:
Macrosomia was characterized as birth weight exceeding
4000g and/or fetal weight more than the 90th percen-
tile corresponding to a specific gestational age,” 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 140mm Hg systolic or 90 mm Hg

23 24

diastolic on at least two occasions, with a time interval
of at least 4hours, after 20 weeks of gestation in women
who had previously normal blood pressure and protein-
uria equal to or exceeding 300mg per 24hours 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;
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 % 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
92mg/dL<FPG<100mg/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 Cls.

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

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
Variable* n=1388 n=1198 n=374 n=1725 n=2070 n=28675
Age, years, mean (SD) 32 (6) 31 (6) 31 (6) 31 (6) 32 (6) 30 (6)
BMI, kg/m?, 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) 13154 (49)
Gestational age at enrollment, mean (SD) 7.7 (3.5) 8.2 (3.3 9.2 (3.9 9.0 (3.3) 9.3 (3.6) 9.2 (3.9)
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) 15289 (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) 3(3.5) 31(1.8) 56 (2.9) 461 (1.8)
History of LBW 25 (2.6) 25 (2.6) 1.0 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(0.9) 3(0.9) 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) 17013 (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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A P(FPG(T1))

Trimester 1

Trimester 2 P(Macrosomia™)

100 mg/dL<FPG<126mg/dL
1388 (3.92%)

A-E A-E

128 (9.80%)

92 mg/dL<FPG<100mg/dL
3297 (9.31%)

89 (7.79%)

A-E

19 (5.37%)

105 (6.59%)

93 mg/dL>FPG
30745 (86.78%)

A-E A-E

166 (8.32%)

1480 (5.42%)

Random allocation First trimester

GDM Outcome

B P(FPG(T1))

Trimester 1

Trimester 2 P(Primary cesarean *)

100 mg/dL<FPG<126mg/dL
1388 (3.92%)

958

A-E A-E GDM+ 201 (20.98%)

92 mg/dL<FPG<100mg/dL

885

3297 (9.31%) GDM+ 175 (19.77%)
A.D GDM+
A-E 46 (18.62%)
R E L
BCE [—
248 (21.51%)
93 mg/dL>FPG
30745 (86.78%) — 1446
GDM+ 347 (24%)
A-E A-E |
—— 21259
GDM- 4246 (19.97%)
Random allocation First trimester GDM Outcome

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.

27.8 (5.4) kg/m? 26.9 (4.9) kg/m?, 27.7 (5) kg/m?, 26.5
(4.7) kg/m?, 27 (4.8) kg/m? 25.5 (4.7) kg/m” 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% ClIs 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
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NICU, neonatal intensive care unit. S
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I
RR of macrosomia in groups 1, 2, and 5 to reference 5 compared with group 6 (RR=0.52; 95% CI 0.24 to 0.99; 2
group 6 and their 95% CIs were (RR=1.50; 95% CI 0.84  p=0.04). &
to 2.43; p=0.07), (RR=1.53; 95% CI 0.84 to 2.55; p=0.07), The crude and adjusted RR of different groups in %
and (RR=1.26; 95% CI 0.72 to 2.01; p=0.19), respectively. comparison to the reference group 2 are shown in table 3. T
Moreover, group 5 revealed a lower risk of LBW in group  After adjusting for age, gestational age at enrollment and z
Q.
o
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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 100mg/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 (92-100mg/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
92-100mg/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.”® 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.

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.”> 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)."*** 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).”
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.”® 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 I-hour
level of at least 180 mg/dL (=10.0mmol/L), or a 2-hour
level of at least 153 mg/dL (=8.5mmol/L), or the higher
glycemic criterion group, which involved FPG levels of at
least 99 mg/dL (=5.5mmol/L), or a 2-hour blood sugar
level of 162 mg/dL (=9.0mmol/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 92-99.9mg/dL, had higher risk of macrosomia

BMJ Open Diab Res Care 2023;11:¢003510. doi:10.1136/bmjdrc-2023-003510
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compared with others with first trimester FPG>100mg/
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, 95mg/dL, 1-hour post-
prandial, 140mg/dL or 2-hour postprandial, 120mg/
dL.? ?" 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.** 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.'” 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.'™* 2> 2037 38 A
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,” 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 2weeks 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.*”™** 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 a/, 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.*’

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.” *~*0

The strengths and limitations of this study have been
reported before.”® 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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