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Aims: To study the incidence, risk factors, and pregnancy outcomes associated with gesta-
tional diabetes mellitus (GDM) diagnosed with one-step and two-step screening
approaches.

Methods: 1000 pregnant women who were eligible and consented to participate underwent
fasting plasma glucose testing at the first prenatal visit (6-14 weeks). The women free from
GDM or overt diabetes were screened at 24-28 weeks using the 50-g glucose challenge test
(GCT) followed by 100-g, 3-h oral glucose tolerance test (OGTT) (two-step method). Regard-
less of the GCT result, all women underwent a 75-g, 2-h OGTT within one-week interval
(one-step method).

Results: GDM incidence using the one-step and two-step methods was 9.3% (95% CI: 7.4-
11.2) and 4.2% (95% CI: 2.9-5.5). GDM significantly increased the risk of macrosomia, gesta-
tional hypertension, preeclampsia, and cesarean section and older age and family history
of diabetes significantly increased the risk of developing GDM in both approaches. In two-
step method, higher pre-pregnancy body mass index and lower physical activity during
pregnancy along with higher earlier cesarean section also increased significantly the risk
of developing GDM.

Conclusions: Despite a higher incidence of GDM using the one-step approach, more risk fac-
tors for and a stronger effect of GDM on adverse pregnancy outcomes were found when
using the two-step approach. Longer follow-up of women with and without GDM may

change the results using both approaches.
© 2018 Elsevier B.V. All rights reserved.
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1. Introduction

Gestational diabetes mellitus (GDM) is a common condition of
glucose intolerance associated with adverse maternal and
fetal outcomes [1-3]. Several risk factors are known to con-
tribute to this condition [4-6]. Depending on the diagnostic
methods and criteria used to find, its prevalence varies widely
around the world [7-9]. Debate and discussion continue
regarding the best screening and diagnostic method for
GDM. The American College of Obstetrician and Gynecolo-
gists (ACOG) recommends that all pregnant women be
screened for GDM by patient history, clinical risk factors, or
a 50-g, 1-h glucose challenge test (GCT) [10]. If GCT result is
positive, it should be followed by a 100-g, 3-h oral glucose tol-
erance test (OGTT) to diagnose GDM. This two-step approach
has been the most commonly used screening approach to
diagnosing GDM. The International Association of the Dia-
betes and Pregnancy Study Groups (IADPSG) and the Ameri-
can Diabetes Association (ADA) recommends that pregnant
women should be screened for GDM by the one-step process
using a 75-g, 2-h OGTT [11]. The rate of GDM would increase
up to two to three times the rate using the two-step screening
process [12]. In 2013, both the World Health Organization
(WHO) and the Endocrine Society revised their guidelines
and recommend that the IADPSG criteria should be used for
the diagnosis of GDM [13]. In March 2013, The National Insti-
tute of Health (NIH) held a Consensus Development Confer-
ence, which concluded that there is insufficient evidence to
recommend the one-step method [14,15]. Later the same year,
in contrast to NIH and ACOG, the Endocrine Society recom-
mended the one-step method [16]. Despite facts to support
each strategy, there still is debate and discussion about an
optimal strategy for detection or diagnosis of GDM. The latest
ADA recommendations specify that further research is
needed to prove a uniform approach to diagnosing GDM and
leave open the options of using the one-step or the two-step
screening strategy [17]. Therefore, the aims of this study were
to evaluate the prevalence of GDM based on fasting plasma
glucose screening at the first prenatal visit and the incidence
of GDM using different diagnostic strategies (one-step vs.
two-step approach). Our secondary objectives were to identify
risk factors and pregnancy outcomes associated with GDM
using one-step screening versus two-step screening method.

2. Subjects and methods

A prospective cohort study from October 2015 to January 2017
was done at 10 community health care centers in different
areas of Isfahan city, Iran. The primary outcome of interest
was the incidence of GDM using one-step and two-step meth-
ods. Consecutive sampling was used to get data for 1000 preg-
nant women who were eligible. We enrolled women aged 18-
45years and data from all singleton pregnancies were
obtained from prenatal records and/or from the patient at
first prenatal visit (6-14 weeks) [11,18]. It included demo-
graphic information, anthropometric and clinical measure-
ments; weight, height, and systolic and diastolic blood

pressure, drug consumption, any anti-diabetic agent use,
maternal or paternal family history of diabetes, current preg-
nancy complications, history of earlier pregnancy complica-
tions (e.g., earlier diagnosis of GDM, macrosomia, stillbirth,
neonatal death, recurrent abortion >2, polyhydramnios,
eclampsia/preeclampsia, and cesarean section), and blood
testing. We used a 24 h questionnaire to assess physical activ-
ity of subjects which was given to them at their first or second
prenatal visit (6-14 or 16-20 weeks) [11,18]. For viable preg-
nancies, delivery records including preterm delivery, birth-
weight, 1 and 5-min apgar scores, preeclampsia, gestational
hypertension, stillbirth, neonatal death, type of labor [ce-
sarean section and vaginal (natural or instrumental) delivery],
were obtained from hospital records. We excluded women
with known diabetes, non-viable pregnancy (miscarriage),
chronic medical condition such as high blood pressure, severe
heart disease, liver disease, infections such as HIV and hepati-
tis, bariatric surgery, any surgery to change glucose absorp-
tion rate, twin pregnancy, and women who were unavailable
or incompliant to follow during the study if present.

2.1.  Diagnosis
approach

of GDM; one-step versus two-step

Women were universally screened for overt diabetes and
GDM at their first prenatal visit (6-14 weeks) [11,18]. A positive
result of fasting plasma glucose (FPG) >126 mg/dl indicated
the presence of overt diabetes [11,18]. Women with FPG 92—
125 mg/dl were considered as GDM [11]. Women without dia-
betes or GDM in early pregnancy were screened at 24-28
weeks and underwent a non-fasting 50-g oral GCT and a later
plasma glucose measurement at 1-h post glucose taking. A
result of plasma glucose level <140 mg/dl was considered to
be normal and the value >140 mg/dl was considered as abnor-
mal for GCT. Regardless of the result of GCT, each subject
underwent a later 75-g, 2-h OGTT within one week. IADPSG
criteria used to diagnose GDM with 75-g, 2-h OGTT were as
following: FPG > 92 mg/dl or; 1 h plasma glucose >180 mg/dl
or; 2h plasma glucose >153 mg/dl [11]. For women whose
GCT result was abnormal, an extra 100-g, 3-h OGTT was per-
formed. Diagnostic tests were performed in few days interval.
The presence of GDM with 100-g, 3-h OGTT was based on the
criteria of Carpenter-Coustan as following: FPG: >95 mg/dl; 1
h: >180 mg/d]; 2h >155 mg/d]; 3h >140 mg/dl and if two out
of four plasma glucose levels were abnormal, diagnosis of
GDM was confirmed [12].

2.2 Management approach

Management of women diagnosed as having gestational dia-
betes in either one-step or two-step method did not differ.
Women with GDM in both methods received similar thera-
peutic interventions including, nutrition counseling and life-
style modification according to the National Protocol for
Pregnancy [18]. A dietitian instructed participants about a 3-
meal, 2 to 4-snack standard daily meal plan. Caloric restric-
tion was prescribed for obese women based on 25 kcal/kg
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for actual maternal weight in pregnancy, and 35 kcal/kg for
non-obese subjects. Approximately 40% to 45% of calories
were derived from carbohydrates. If glycemic control was
poor by nutrition counseling and lifestyle modification within
two weeks, physicians would consider insulin or oral hypo-
glycemia agents to treat GDM. Patients were advised to carry
out self-monitoring of their blood glucose. The objective for
all patients was to reach the same metabolic goals according
to the recommendation from the Fifth International
Workshop-Conference on Gestational Diabetes Mellitus [19]
that is the following targets for maternal capillary glucose
concentrations: fasting plasma glucose <95 mg/dl and either
one-hour post-meal <140 mg/dl or two-hour post-meal
<120 mg/dl.

2.3.  Definitions

Pre-pregnancy body mass index (BMI) was calculated as a
self-reported pre-pregnancy weight of mother divided by
height squared (kg/m?. Physical activity assessment was
done using a 24 h questionnaire [20]. Women were asked to
write every single activity that they do over a 24 h and time
spent on it. Further, we assigned each activity a Metabolic
Equivalent of Task (MET) score multiplying its time (in an
hour). Energy expenditure of participants was further calcu-
lated by summing the MET-hour values. Gestational age at
the time of delivery was calculated based on last normal
menstrual period or ultrasonography. Macrosomia was
defined as birth-weight >4000 g. Low birth-weight was defined
as birth-weight <2500 g. Preeclampsia was defined as systolic
blood pressure >140 mmHg and/or diastolic blood pressure
>90 mmHg on two or more occasions with proteinuria >1+
on dipstick [18]. Preterm delivery was defined as delivery prior
to 37 weeks of gestation. Stillbirth was defined as fetal death
after 20 weeks of pregnancy resulting in a baby born without
signs of life [18].

2.4.  Statistical analysis

At the beginning of the study prevalence rate of GDM was
assessed based on FPG result given at the first prenatal visit.
For the prevalence calculation, the denominator was the total
number of viable pregnancies for which FPG result was avail-
able. The numerator was the total number of pregnancies for
which the criteria for being GDM was met [11,12]. Excluding
women with overt diabetes or GDM at the first prenatal visit,
univariate and multiple logistic regression analysis were used
to assess firstly, the association between the potential risk
factors and GDM at 24-28 weeks, and secondly the associa-
tion of GDM with pregnancy outcomes. The results of logistic
regression are presented as unadjusted and adjusted odds
ratios (ORs) (95% CIs). Chi-square or Fisher’s exact tests (for
categorical variables) and independent-samples t-tests (for
continuous variables) were used for the comparisons. The
SPSS version 18 for Windows (SPSS Inc., Chicago, IL, USA)
was used. Reported P-values were two-tailed and P-values <
0.05 were considered to be statistically significant.

3. Results

3.1. Characteristics

We enrolled 1000 pregnant women who were eligible and con-
sented to participate in the study. Excluding women with
known diabetes (n =11), ones who had miscarriage (n = 18)
or twin-pregnancy (n=7), and women who were unable or
incompliant to follow the protocol (n=35), a total of 929
patients meeting our inclusion criteria delivered during the
study period. Of all study women 32.5% (302) were over-
weight (BMI 25-29.9 kg/m?), and 10.4% (97) were obese (BMI
> 30kg/m?). The average (SD) pre-pregnancy BMI was 24.6
(4.2) kg/m?. The mean (SD) age was 29.2 (4.7) (range 18-44)
year. The years of education varied from 0 to 23 years with
the mean (SD) of 12.5 (3.6) year. The mean (SD) gestational
age at the time of delivery was 38.6 (1.5) (ranged 24.6-42.3)
weeks.

3.2.  Prevalence and incidence of GDM

A total of 929 pregnant women were included in our analysis.
Ninety-three had GDM at baseline (6-14 weeks) based on FPG.
The overall prevalence of GDM was 10.0% (95% CI: 8.1-11.9).
The others with no GDM at baseline (n = 836) were screened
at 24-28 weeks for GDM incidence.

The 50-g, 1-h GCT (two-step screening) was performed in
836 pregnant women and 94 women (11.2%) required a 100-
g, 3-h OGTT. Of them, 35 (37.2%) ultimately tested positive
for GDM after the 3-h OGTT. Of the same pregnant women
who had the 75-g, 2-h OGTT (one-step screening), 78 were
diagnosed as GDM when using IADPSG criteria of which 35
(44.9%; 95% CI: 33.6-56.6) had GDM using the two-step
approach. 758 (90.7%) women were diagnosed with no GDM
in both approaches. All women without GDM in the one-
step approach were diagnosed with no GDM using the two-
step approach.

The overall incidences of subsequent GDM were 9.3% (95%
CL: 7.4-11.2) and 4.2% (95% CI: 2.9-5.5) in one-step and two-
step approaches, respectively.

3.3.  Risk factors

Table 1 represents the group means (SD) and proportions for
those women who did and did not develop GDM by one-step
and two-step methods. Those who developed GDM had
higher FPG and plasma glucose values at 1h, 2h, and 3h (P
<0.001), higher pre-pregnancy BMI (P<0.001), and lower
physical activity and were older in both approaches (P<
0.001). Those who developed GDM had a higher proportion
of family history of diabetes, higher history of cesarean sec-
tion, and history of polyhydramnios in both approaches
(Table 1). Using one-step method, those who developed
GDM had slightly higher systolic blood pressure (Table 1), a
higher proportion of pre-existing hypertension (6.4% vs.
2.2%, P <0.05), and history of neonatal death (2.6% vs. 0.4%,
P < 0.05). Using two-step method, those who developed GDM
had higher proportion of history of macrosomia (2.9% vs.
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Table 1 - Selected prenatal risk factors, maternal characteristics, and pregnancy outcomes by diabetes diagnosed in one-step

and two-step approaches.

Variable One-step approach Two-step approach

GDM (n = 78) Normal (n = 758) GDM (n = 35) Normal (n = 801)
Age >35 years 21.8 74" 25.7 8.0
Pre-pregnancy BMI >30 kg/m? 16.7 8.8 20.0 9.1
Education <12 years 63.6 61.9 55.9 62.4
Family history of diabetes 43.6 29.6' 57.1 29.7"
Previous gestational diabetes 1.3 1.5 2.9 1.4
History of cesarean section 41.0 29.0° 48.6 29.3"
History of polyhydramnios 3.8 0.8 8.6 07"
FPG at first prenatal visit (mg/dl) 85.5 (5.2) 82.8 (6.4)" 85.5 (5.3) 82.9 (6.4)
Systolic BP (mmHg) 105.0 (9.8) 102.0 (9.6)° 105.3 (10.5) 102.6 (9.6)
Diastolic BP (mmHg) 67.1 (8.8) 65.6 (8.6) 68.0 (9.6) 65.6 (8.6)
Physical activity (met-hr/day) 33.3 (4.3) 34.9 (6.0)" 31.6 (4.0) 34.9 (5.9)"
Gestational age (week) 38.5 (1.3) 38.7 (1.6) 38.3 (1.3) 38.7 (1.6)
Birth-weight (g) 3216.9 (465.6) 3112.6 (435.2)° 3276.4 (484.1) 3115.6 (435.9)°
Birth-height (cm) 49.8 (2.2) 49.8 (2.4) 50.3 (2.1) 49.8 (2.4)
Head circumference (cm) 34.7 (1.3) 34.6 (1.5) 34.9 (1.4) 34.6 (1.4)
Chest circumference (cm) 33.4 (1.8) 33.3 (1.7) 33.7 (1.9) 33.3 (1.7)
Apgar Score (5 min) 9.86 (0.42) 9.93 (0.34) 9.80 (0.41) 9.93 (0.34)"
Apgar Score (1 min.) 8.77 (1.10) 8.88 (0.59) 8.89 (0.47) 8.87 (0.66)

Data are percentages or means (SD). P <0.05, P <0.01,
plasma glucose; BP, blood pressure.

P <0.001; GDM, gestational diabetes mellitus; BMI, body mass index; FPG, fasting

0.4%, P < 0.05), preeclampsia (8.6% vs. 1.9%, P < 0.01), infertility
treatment (20.0% vs. 7.7%, P <0.01), and stillbirth (5.7% vs.
0.6%, P < 0.001).

To determine the influence of potential risk factors on
GDM, univariate analysis was first performed. Crude OR
(95% CI) showed that maternal age (3.5 (1.9-6.4), P <0.001;
3.9 (1.8-8.8), P <0.001), pre-pregnancy BMI (2.1 (1.1-3.9), P<
0.05; 2.5 (1.1-5.9), P<0.05), family history of diabetes (1.8
(1.1-2.9), P<0.05; 3.1 (1.6-6.3), P < 0.001), history of cesarean
section (1.7 (1.1-2.7), P < 0.05; 2.3 (1.2—4.5), P < 0.05) and poly-
hydraminos (5.0 (1.2-20.5), P <0.05; 12.4 (2.9-51.9), P < 0.001),
and physical activity (0.95 (0.89-0.99), P <0.05; 0.88 (0.80-
0.97), P <0.01) were significantly associated with the risk of
developing GDM in one-step and two-step methods, respec-
tively. Women with a history of stillbirth (9.6 (1.8-51.6), P <
0.01), infertility treatment (3.0 (1.2-7.1), P<0.05), and
preeclampsia (4.9 (1.3-17.8), P<0.05) were more likely to
develop GDM in the two-step method, while women with
pre-existing hypertension (2.9 (1.1-8.3), P < 0.05) and history
of neonatal death (6.6 (1.1-40.2), P < 0.05) were more likely to
develop GDM in the one-step method.

To determine the independent predictors of the incidence
of GDM a multiple logistic regression analysis was performed.
Older age and family history of diabetes significantly
increased the risk of developing GDM in both approaches. In
the two-step method, higher pre-pregnancy BMI and physical
inactivity along with higher earlier cesarean section also
increased significantly the risk of developing GDM. No other
variables were significant (Table 2).

3.4. Pregnancy outcomes

Those who developed GDM in both approaches delivered to
neonates with higher birth-weight. In the two-step method,

apgar score at 5-min was slightly higher in normal subjects
compared to GDM group (Table 1).

To determine the association of GDM with maternal and
neonatal outcomes univariate analysis was first performed.
Crude OR (95% CI) showed that GDM significantly increased
the risk of macrosomia (5.6 (2.0-15.7), P<0.01; 10.9 (3.6
33.0), P<0.001), cesarean section (2.1 (1.2-3.4), P<0.01; 6.6
(2.3-18.9), P<0.001), and gestational hypertension (2.3 (1.1-
4.7), P<0.05; 3.1 (1.2-7.8), P < 0.05) in one-step and two-step
methods, respectively. In the two-step approach, GDM also
increased significantly the risk of preeclampsia (6.6 (1.2-
10.8), P < 0.05).

In multiple logistic regression analysis, GDM was found to
be an independent predictor of macrosomia and cesarean
section in both approaches. We found no association of
GDM with pregnancy outcomes including low birth-weight,
preeclampsia, gestational hypertension, and preterm delivery
after adjusting for potential confounders (Table 2).

4, Discussion

The present study indicated an incidence rate of 9.3% for GDM
using one-step approach which was more than double com-
pared with that of 4.2% using two-step approach. The later
incidence is very close to earlier studies done in Iran with
the rates assessed 4.7% and 4.8% [21,22]. It is also in the mid-
dle range of findings from other studies using the same diag-
nostic method in which GDM incidence ranged from 2.5% to
6.9% [23-25]. Several studies have examined the use of one-
step vs. two-step approach for GDM diagnosis [23,26-28].
The increased incidence of GDM using one-step method has
been associated with adverse pregnancy outcomes compared
with women without GDM [23,27]. It was also associated with
increased rates of cesarean delivery and macrosomia
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Table 2 — Adjusted odds ratio (95% CI) of the association of risk factors and maternal and neonatal outcomes with GDM

diagnosed in one-step and two-step approaches using multiple logistic regression analysis.

Characteristics

One-step approach

Two-step approach

Risk factors

Maternal age >35 (year)
Pre-pregnancy BMI >30 (kg/m?)
Family history of diabetes
History of cesarean section
History of polyhydramnios
Pre-existing hypertension
History of preeclampsia
History of infertility treatment
History of stillbirth

Previous gestational diabetes
History of macrosomia
Physical activity (met-hr/day)

Maternal and neonatal outcomes
Macrosomia (>4000 g)

Low birth-weight

Cesarean section
Preeclampsia

Gestational hypertension
Preterm delivery

3.5 (1.6-8.1)" 3.6 (1.1-12.0)’
1.6 (0.7-3.8) 3.1 (1.1-9.4)
2.2 (1.2-4.0)" 3.9 (1.5-9.7)"
1.7 (0.9-3.5) 4.9 (1.5-15.9)"
0.43 (0.03-6.69) 0.20 (0.01-7.34)
0.8 (0.1-11.9) 2.0 (0.1-48.8)
3.3 (0.2-46.3) 4.7 (0.2-121.6)
0.9 (0.3-2.5) 0.9 (0.2-3.6)
2.0 (0.1-28.2) 3.9 (0.2-78.3)
1.1 (0.1-9.6) 1.8 (0.2-20.6)
2.5 (0.2-39.5) 4.5 (0.2-88.8)

0.95 (0.89-1.01)

o

0.88 (0.79-0.98)"

.

4.9 (1.7-14.2) 13.3 (3.2-55.9)
0.49 (0.15-1.65) 0.48 (0.06-3.83)
1.8 (1.1-3.1)’ 4.7 (1.2-18.5)
1.5 (0.6-4.3) 2.8 (0.5-14.5)
1.9 (0.9-4.1) 2.4 (0.6-9.2)

0.96 (0.41-2.25)

0.65 (0.14-3.10)

'P<0.05, 'P<0.01, P <0.001; BMI, body mass index; Odds ratios of maternal and neonatal outcomes were adjusted for maternal age and
family history of diabetes in one-step method and maternal age, pre-pregnancy BMI, family history of diabetes, physical activity, and history of

cesarean section in two-step method.

compared to women with GDM diagnosed in two-step
method [26,28].

In the present study, we found more risk factors associated
with GDM diagnosed in the two-step method while, determi-
nants of GDM were only maternal age and family history of
diabetes using the one-step method. On the other hand,
except for maternal age, we found no significant difference
in prenatal risk factors and pregnancy outcomes in women
who were diagnosed only by the one-step method, but not
with the two-step method (n = 43) compared to women with-
out GDM. This is consistent with studies in which the
increased women with GDM using one-step method did not
differ in the prevalence of outcomes compared to women
without GDM [29]. In our study, no requirement of insulin
therapy was found in these women and 92.1% were treated
based on lifestyle modifications and only 3 (7.9%) treated with
metformin. Of women diagnosed with GDM using both
approaches (n = 35), 4 (11.4%) required insulin, 10 (28.6%) met-
formin, 1 (2.9%) insulin + metformin, and 20 (57.1%) treated
with lifestyle modifications. The information above may
reflect the potential over-diagnosis towards one-step strategy
and that the increased rate of GDM in one-step method
results from using IADPSG criteria with lower threshold val-
ues to find GDM and not really reflects women with the higher
risk for developing GDM. We also found a positive association
of GDM with short-term pregnancy outcomes in both
approaches. GDM independently increased the risk of macro-
somia and cesarean section, the association was stronger for
both outcomes using two-step approach. Macrosomia has
been the principal pregnancy complication affected by GDM
which resulted in higher rates of preterm delivery and opera-
tive delivery in other studies [30]. The reason for a higher rate

of the cesarean section would be partially related to the gen-
eral tendency of Iranian women and that they frequently
request elective cesarean section and also depends upon
gynecologist decision. This can be considered as a limitation
of our study when comparing the rate of cesarean section in
GDM and non-GDM women. Our study has several strengths
and limitations. Its strengths include population-based evalu-
ation for GDM. We only included pregnant women from one
academic institution in one geographic area. This can be con-
sidered as strength of the study in that pregnancy manage-
ment was fairly consistent during the study period
although, it may also be considered a limitation because our
findings are not necessarily generalized to pregnant women
in other regions. While the sample size was believed to be
adequate for analysis as a whole, the sample size limited
our ability to detect potentially clinically meaningful differ-
ences in some risk factors and pregnancy outcomes between
GDM and healthy groups, as judged by wide 95% CI. Although
pregnant women express concern about the complexity of
one-step and two-step screening and diagnosis of GDM, they
seemed to tolerate the inconvenience of both diagnostic tests
in our study. This is the first report of GDM incidence using
one-step and two-step diagnostic approaches in routine care
in a Middle-East country and provides new data from Iran
which has been under-represented in past studies.

In summary, despite a higher incidence of GDM using the
one-step approach, more risk factors for and a stronger effect
of GDM on adverse pregnancy outcomes were found when
using the two-step approach. We found no significant differ-
ence in the prevalence of risk factors and pregnancy out-
comes in women who were diagnosed only by the one-step,
but not with the two-step method. So, these data address
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concerns in the literature that the one-step screening guide-
line may identify lower-risk women as having GDM, increas-
ing their anxiety and health care costs with more visits,
more ultrasounds, additional laboratory testing, and no clear
indication of the benefit in short term. Moreover, longer
follow-up of women with and without GDM may change the
results using both approaches.
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