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Purpose: To compare the risk of adverse perinatal outcomes (APO) between pregnant
women with mild gestational diabetes mellitus (GDM) diagnosed by the International
Association of Diabetes and Pregnancy Study Groups (IADPSG) criteria, on no specific
treatment, versus pregnant women without GDM.

Patients and Methods: A retrospective cohort study of pregnant women referred to the
Instituto Nacional de Perinatologia, in Mexico City, for prenatal care and delivery. Eligibility
criteria were singleton pregnancy, age >18 years, gestational age 20-28 weeks, and no
history of pre-gestational diabetes. The study population was divided into two groups:
Group 1, comprising women with mild GDM defined by one abnormal glucose value at
the oral glucose tolerance test (OGTT) according to IADPSG criteria [fasting: 5.1-5.2 mmol/
L (92-94 mg/dL) or 2h 8.5-8.56 mmol/L (153—-154 mg/dL)], who did not receive specific
treatment for GDM, and Group 2, comprising women without GDM, matched for maternal
age and pre-gestational body mass index (BMI). Women with two or more abnormal OGTT
values, pre-gestational diabetes, any chronic disease, or multiple pregnancies were excluded.
Results: As many as 282 women were included in each group. There were no significant
differences in basal characteristics between groups. APO analysis showed that newborn
weight was significantly higher in Group 1 (3042.4+499g) vs Group 2 (2910£565g)
p=0.003; conversely, the incidence of large for gestational age (LGA) and macrosomic
neonates was similar in both groups (6 vs 5.7% and 2.1 vs 2.2%, respectively). There
were no differences in rates of preeclampsia and gestational hypertension, cesarean and
preterm delivery, or premature rupture of membranes. A sub-analysis by maternal pre-
gestational BMI showed that LGA incidence was significantly higher among babies born
to women with pre-gestational BMI >30 kg/m? in both groups.

Conclusion: The risk of APO was similar among Mexican women with mild untreated
GDM diagnosed by IADPSG criteria, compared to pregnant women without GDM. Pre-
gestational BMI was an independent risk factor for LGA.

Keywords: gestational diabetes, large for gestational age, IADPSG, hyperglycemia,
pregnancy

Introduction

Gestational diabetes mellitus (GDM) is a state of carbohydrate intolerance initially
diagnosed during the second or third trimester of pregnancy, which is not overt
diabetes before gestation.! GDM is associated with increased risk of macrosomia
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and birth complications, and of maternal diabetes after
pregnancy.' > The diagnostic criteria for GDM have been
controversial for many decades; in fact, the first criteria
were based on the risk of the mother to develop future
diabetes,* whereas newly proposed criteria are based on
the risk of adverse perinatal outcomes, as reported by the
Hyperglycemia and Adverse
(HAPO) Study.’

The one-step approach recommended by the International

Pregnancy Outcomes

Association of Diabetes and Pregnancy Study Groups
(IADPSG),® and supported by the World Health Organization
(WHO),” is to base the diagnosis of GDM on one or more
abnormal glucose values during a 75g-2h oral glucose toler-
ance test (OGTT) with fasting values 5.1-6.9 mmol/L
(92-125 mg/dL), 1h >10 mmol/L (180 mg/dL) or 2h 8.5-11
mmol/L (153-199 mg/dL) as threshold levels. Using this
approach, the incidence of GDM among the 15 centers parti-
cipating in the HAPO study showed a higher variability from
9.3% to 25.5%.% A recent systematic review showed that the
prevalence of GDM among studies that used the IADPSG
criteria was significantly higher (611 fold) than other diag-
nostic criteria subgroups.” The increase in the number of
women with GDM has implications for health services and
human and material resources, and could “medicalize” preg-
nancies previously categorized as normal; consequently, some
health services throughout the world, especially in developing
countries, may have difficulties meeting the ensuing health-
care demands.'®!" There is little clinical evidence of the benefit
of treating GDM defined according to the new IADPSG cri-
teria, and systematic reviews and meta-analysis on the benefits
or drawbacks of treating GDM'? include studies with different
diagnostic criteria, such as the National Diabetes Data Group
criteria, WHO 1999’s, and Carpenter and Coustan’s.!>1
Therefore, the efficacy of treating GDM could not be extra-
polated to women with lesser degrees of hyperglycemia. Even
when treatment has been associated with a lower incidence of
preeclampsia, macrosomia, LGA newborns and shoulder dys-
tocia, the risk that these outcomes could be ascribed to GDM is
low, mainly when glucose levels are modest high.*'>'”

In this regard, in one study, the prevalence of GDM
increased from 10.3% to 30.1% among Mexican women
comparing Carpenter and Coustan vs IADPSG criteria.'® In
the same study, as many as 66% of GDM cases could be
identified using only fasting glucose, and changing the cut-
off of fasting levels from 5.3 to 5.1 mmol/L (95 to 92 mg/dL)
increased the GDM prevalence by 5.5%; likewise, decreas-
ing the cut-off levels for 2-h OGTT wvalues from 8.6 to 8.5
mmol/L (155 to 153 mg/dL) increased GDM prevalence by

0.8%, posing a problem for the Mexican health-care
system.'®

In a recent study in Canadian women concluded that
women who meet the IADPSG criteria for GDM but who
were not diagnosed with GDM based on the two-step diag-
nostic strategy have an increased risk for adverse perinatal
outcomes (APO) compared with women without GDM. "’
However, another study in Japanese women reported no
significant differences in the rates of GDM-related compo-
site complications between women who were diagnosed
with GDM according to the IADPSG criteria, but not by
the old criteria (without treatment) and women with stan-
dard glucose tolerance according to both criteria.*

Against this background, this study aimed to compare
the risk of APO between pregnant women with mild
untreated GDM defined by IADPSG criteria versus
women without GDM, matched for maternal age and pre-
gestational BMI.

Materials and Methods

Research Design and Study Population
This retrospective cohort study was approved by the Internal
Review Board of the National Institute of Perinatology
(INPer) in Mexico City (Register number 212250-3402-
10102-02-14). The study was performed from January 2010
to December 2014, and included women with singleton preg-
nancies, maternal age >18 years, referred to INPer for prenatal
care and delivery. Women with two or more abnormal OGTT
values, pre-gestational diabetes, and autoimmune, immuno-
suppressive, kidney, or heart diseases were excluded from the
study. The study population was divided into two groups:
Group 1 comprising women with mild GDM defined by one
abnormal glucose value during a 75g-OGTT, with fasting
levels between 5.1 and 5.2 mmol/L (92-94 mg/dL), 1h <10
mmol/L (180 mg/dL) or 2h between 8.5 and 8.56 mmol/L
(153-154 mg/dL) according to IADPSG criteria, who were
not on any specific treatment (i.e., diet, exercise or antidiabetic
medications); Group 2 comprising women without GDM
matched 1:1 for maternal age and pre-gestational body mass
index (BMI) with Group 1.

Procedures

During the study period, women underwent universal screen-
ing for GDM using a one-step approach with a 75g 2h-OGTT
on the first visit for prenatal care; the diagnosis of GDM was
performed using the Fifth International Workshop-Conference
on Gestational Diabetes Mellitus criteria.>’ Women with two
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or more abnormal OGTT values, i.e., fasting > 5.3 mmol/L
(95 mg/dL), 1h> 10 mmol/L (180 mg/dL) and 2h > 8.6 mmol/
L (155 mg/dL), were diagnosed as having GDM and were
prescribed specific treatment, in agreement with the
Departments of Nutrition, Maternal-Fetal Medicine,
Endocrinology and Obstetrics. Specific treatment for GDM
consisted of an educational course, medical nutrition therapy
(MNT), self-monitoring of capillary glucose, and subsequent
evaluation of glycemic control at 2—4 week intervals. Women
who did not achieve glycemic control with MNT were given
15002550 mg metformin and/or insulin therapy (0.3—1.0 U/
kg of body weight) to achieve capillary glucose levels of 5.3
mmol/L (<95 mg/dL) in the fasting state and <7.8 mmol/L
(<140 mg/dL) 1-h post-prandially.

Women who had a single abnormal value were not
considered as having GDM and only underwent an educa-
tional course with nutritional counseling and were referred
to an obstetrician for regular prenatal care.

However, women with one abnormal OGTT value
between 5.1 and 5.2 mmol/L (92-94 mg/dL) in the fasting
state, <10 mmol/L (<180 mg/dL) lh post-prandially or
between 8.5 and 8.56 mmol/L (153-154mg/dL) 2h post-
prandially were considered as having normal OGTT and
continued their regular obstetric care. Data regarding these
mothers and their neonates were collected from clinical
records.

Outcome Variables

The primary study outcome was to compare APO risk between
mild GDM women and no-GDM women. For this study, the
APOs considered were LGA newborn—defined as birth
weight at or above the 90th percentile of the gestational age-
specific week.?> Macrosomia was defined as a newborn with
birth weight above 4000 g. Preeclampsia was ascertained as
hypertension associated with proteinuria after the 20th gesta-
tional week, following the National High Blood Pressure
Education Program Working Group recommendations.”®
Preterm delivery was defined as any birth between 20 and
36.6 gestational weeks and premature rupture of membranes
as water breaking before the onset of labor.?*

Pre-gestational BMI was calculated according to self-
reported pre-gestational weight during the first clinical
interview and was classified as normal (BMI <25 kg/m?)
or obese (BMI >30 kg/m?) for analysis.

Sample Size
The sample size was calculated based on a 12% preva-
lence of LGA newborns in women with mild untreated

GDM; considering a 6% incidence of LGA in our popula-
tion without GDM, an alpha of 0.05, an 80% power and
a one-sided test, a sample size of 281 women per group
was required.

Statistical Analysis

Continuous variables were expressed as mean + standard
deviation, and categorical variables were expressed as fre-
quencies and proportions. Student’s t- or Mann—Whitney
U-tests were used to compare continuous variables according
to the variable distribution, and the chi-square test or Fisher’s
exact test were used to evaluate differences in proportions.
Statistical significance was considered if p < 0.05. Logistic
regression was used to calculate the odds ratio (OR) for APO
with 95% confidence intervals (CI). Pearson’s correlation
analysis was used to assess a linear association between
birth weight and other continuous variables. We used the
Statistical Package for Social Science Software to conduct
data analysis (SPSS 15, Chicago, IL, USA).

Results

During the study period, 320 women fulfilled the criteria of
mild GDM; 38 of them were excluded for comorbidities. The
282 women with mild GDM who fulfilled the inclusion
criteria (group 1) were matched for maternal age and pre-
gestational BMI, with as many women without GDM
(group 2). The characteristics of the participants are shown
in Table 1. There was no difference in terms of maternal age,
weight, and BMI at admission to prenatal care, parity, gesta-
tional age at OGTT and pre-gestational BMI at the time of
enrollment. The mean of three OGTT values was signifi-
cantly higher in group 1 vs group 2 (p = 0.0001).

For the diagnosis of mild GDM (group 1), a fasting glu-
cose value was the most frequently abnormal value in 90.7%
of the women, with only 9.3% having abnormal 2h glucose
values.

As to personal history, the group with mild GDM had
a higher frequency of family history of diabetes, abortion,
and infertility (Table 2).

Among perinatal outcomes (Table 3), gestational ages
at delivery were similar in both groups, 38.3+2.3 and 38.5
+2.4 for groups 1 and 2, respectively. Birthweight was
significantly higher in babies born to women in group 1
with mild GDM (3042.4 = 499 gr vs 2910 + 565 gr,
p=0.003), whereas the frequency of LGA and macrosomia
was similar in both groups (6 vs 5.7% and 2.1 vs 2.2%,
respectively). No differences were found in the frequency
of other adverse perinatal outcomes such as preeclampsia,
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Table | Clinical Characteristics at Enrollment of Mexican
Women with and Without Mild Gestational Diabetes Mellitus

Table 2 Personal History of Mexican Women with and Without
Mild Gestational Diabetes Mellitus (GDM)

(GDM) — :
Characteristics Group | Mild Group 2 p-value
Characteristics Group | Group 2 Without | p value GDM n=282 Without GDM
Mild GDM | GDM n=282 n (%) n=282 n (%)
n=282 Family history of 168 (59.6) 125 (44.3) 0.0001

Age (years)* 29972 304 £ 6.5 0.35 diabetes
Weight (kg)* 69.1 £ 121 | 692 £ 117 0.98 Infertility 39 (13.8) 7(25) 0.001
Height (m)* 1.55 £0.05 1.56 +0.06 0.49 Previous pregnancy

- Abortion 21 (7.4) 9(3.2) 0.7
BMI (kg/m~)* 284 + 47 282 £ 4.0 0.63 GDM 5 (1.8) | (0.4) 0.10
Gestational age 18266 | 17562 0.19 Stillbirth 2(07) 3010 0.65
(weeks)* Newborn >4000g | 3 (1) 4(11) 0.88

Preeclampsia 14 (5) 16 (5.7) 0.71

Pre-gestational 665+ 11.6 | 663+ 11.7 0.85
weight (kg)
Pre-gestational 273+46 | 271140 0.57 examined, i.e., fasting, 1h, and 2h OGTT, and clinical

2
BMI (kg/m”) parameters such as maternal weight and pre-gestational
Parity 2312 25+ 1.4 0.26 BMI, using a Bonferroni correction to control for risk of
Gestational age at | 225+ 67 | 22.1 £5.9 05| type 1 error; a p-value of <0.05 was considered as signifi-
OGTT (weeks) cant. The results showed a correlation between newborn
Fasting glucose 917+67 |822+67 0.000] weight and fasting glucose with r=0.132 (p=0.002), and
(mg/dL) between maternal pre-gestational weight and BMI with

r=0.235 (p=0.0001) and r= 0.124 (p=0.007), respectively.

I hr post OGTT 1392 +£258 | 121.9 + 26.5 0.0001
(mg/dL)
2 hr post OGTT | 12024202 | 1074 + 197 0.0001 Discussion
(mg/dL) The results of this retrospective cohort study do not show

Note: *At admission to prenatal care.
Abbreviations: BMI, body mass index; OGTT, oral glucose tolerance test.

gestational hypertension, cesarean delivery, preterm deliv-
ery, or premature rupture of membranes.

As many as 27% of the women in group | presented
with pre-gestational obesity (BMI >30 kg/m*) compared
with 25% in group 2. In a sub-group analysis by maternal
pre-gestational BMI (Table 4), the frequency of LGA was
significantly higher when the mother presented with pre-
gestational BMI >30 kg/m? in both groups, 4.5 vs 13.6%
p =0.01 OR: 3.31 (95% CI 1.22—9.00) in the group with
mild GDM and 4.1 vs 12.3% p = 0.02 OR: 3.24 (95% CI
1.08—9.68) in the no-GDM group but no differences were
found in the frequency of macrosomic newborns. Only in
the group with mild GDM did pre-gestational BMI
>30 kg/m? increase the prevalence of cesarean delivery
69.3% vs 84.8% p = 0.01 OR: 2.47 (95% CI 1.17—5.22).

A correlation analysis was performed between new-
born’s birth weight, and the three biochemical parameters

significant differences in the risk of LGA or macrosomia
in babies born to women with mild untreated GDM com-
pared to those born to women without GDM; however,
birthweight was significantly higher in babies born to
women with mild GDM. There were no differences in
the risk of adverse perinatal outcomes such as preeclamp-
sia, gestational hypertension, cesarean delivery, preterm
delivery, or premature rupture of membranes.

The perinatal outcomes analyzed by maternal pre-
gestational BMI showed that the frequency of LGA was
significantly higher in both groups when maternal pre-
gestational BMI was >30 kg/m?; this finding is in agreement
with the correlation analysis showing a positive correlation
between maternal pre-gestational weight and BMI, and neo-
natal birth weight. These findings are in accordance with
those from other authors who demonstrated that maternal pre-
gestational BMI and gestational weight gain are more closely
associated in women diagnosed with GDM at lower glucose
thresholds, and both maternal GDM and obesity are indepen-

dently associated with adverse pregnancy outcomes.”>*°
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Table 3 Perinatal Outcomes of Mexican Women with and Without Mild Gestational Diabetes Mellitus (GDM)

Outcome Group | Mild GDM n=282 n (%) | Group 2 Without GDM n=282 p-value | OR (95% CI)
or Mean 1£SD n (%) or Mean £SD

Gestational age at delivery (wk) 382 +23 385+24 0.51

Gestational weight gain 9.0 £39 94 + 4.1 0.21

Birthweight (g) 3042 + 499 2910 + 565 0.003

Height at birth (cm) 488 + 2.6 48.1 £32 0.007

Large for gestational age 17 (6) 16 (5.7) 0.85 1.06 (0.55-2.1)

Newborn > 4000g 6 (2.1) 6(22) 0.92 1 (0.32-3.1)

Gestational Hypertension 9 (3.2) 12 (4.3) 0.51 0.75(0.32-1.7)

Preeclampsia 22 (7.8) 22 (7.8) 0.98 I (0.56-1.76)

Cesarean delivery 210 (74.5) 208 (73.8) 0.65 1.0l (0.91-1.1)

Preterm delivery 23 (8.2) 28 (9.9) 0.46 0.82 (0.48-1.4)

Premature rupture of membranes | 8 (2.8) 10 (3.5) 0.63 0.80 (0.3-1.03)

Table 4 Perinatal Outcomes by Maternal Pre-Gestational BMI of Mexican Women with and Without Mild Gestational Diabetes

Mellitus (GDM)

Outcome Group | Mild GDM n (%) or Mean £SD p Group 2 Without GDM n (%) or Mean ¥SD | p
Pre-Gestational BMI | Pre-Gestational Pre-Gestational BMI | Pre-Gestational
<30* n=176 BMI >30* n=66 <30* n=169 BMI >30* n=57
Fasting glucose (mg/dL) | 91.6 + 4.1 91.9 + 36 057 | 823 +5.9 838+ 5.0 0.09
2-h post OGTT (mg/dL) | 121.3 + 204 121.2 £ 19.8 0.96 | 105.6 £ 19.9 113 £ 17.1 0.01
Birthweight (g) 3027.2 + 478 3135.8 + 601 0.14 | 2858.6 £ 574 3033.4 + 582 0.04
LGA 8 (4.5%) 9 (13.6%) 0.0l | 7 (4.1%) 7 (12.3%) 0.02
Newborn 24000g 3 (1.7%) 3 (4.5%) 0.20 | 3 (1.8%) 3 (5.3%) 0.15
Preeclampsia 12(6.8%) 6 (9.1%) 054 [ 12 (7.1%) 7 (12.3%) 0.22
Gestational 4 (2.3%) 5 (7.6%) 0.06 | 8 (4.7%) 2 (3.5%) 0.697
Hypertension
Premature rupture of 5 (2.8%) 3 (4.5%) 0.50 | 8 (4.7%) 2 (3.5%) 0.69
membranes
Cesarean delivery 122 (69.3%) 56 (84.8%) 0.01 | 127 (75.1%) 44 (77.2%) 0.75
Preterm delivery 16 (9.1%) 6 (9.1%) | 21 (12.4%) 4 (7%) 0.26

Note: *kg/m.

Abbreviations: BMI, body mass index; OGTT, oral glucose tolerance test; LGA, large for gestational age.

Therefore, these results show that there is no higher fre-
quency of APO in women with mild GDM, not undergoing
any specific treatment (diet, exercise, or antidiabetic medica-
tions). The condition is defined according to the IADPSG
criteria by one abnormal value at a 75g OGTT, with fasting
levels between 5.1 and 5.2 mmol/L (92-94 mg/dL) or 2h post
load between 8.5 and 8.56 mmol/L (153—154 mg/dL), allow-
ing these women to undergo regular obstetric follow-up.

One of the strengths of our study is the inclusion of
women matched 1:1 for maternal age and pre-gestational
BMI, which rules out the possible effect of the main con-
founding factors on the incidence of APO. In addition to its
retrospective design, the main limitation of our study is the
inclusion of only women with a limited spectrum of

hyperglycemic episodes. We defined this condition as
“mild” GDM, to identify a group of women diagnosed with
GDM according to new IADPSG criteria, which set lower
levels of hyperglycemia than those defined by Carpenter and
Coustan. This might make these findings specific for this
subgroup of women; indeed, we should consider that over
60% of our population is at high risk for GDM because of
ethnicity, 80% is overweight or obese, and 50% has a family
history for type 2 diabetes. Considering these epidemiologi-
cal cornerstones, in our setting, women undergo the first
prenatal visit before the 20th gestational week—and OGTT
is requested as a baseline evaluation. Besides, this population
underwent OGTT between the 24th and the 28th gestational
week again, following the IADPSG recommendations.

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2019:12
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Other limitations of this study were that each partici-
pant reported pregestational weight. However, the BMI at
admission to prenatal care was similar in both groups that
could decrease this possible bias. Finally, in this study, we
did not evaluate the efficacy of the treatment of women
with mild GDM on the incidence of APO. Randomized
clinical trials are required for it.

In 2013, a WHO panel recommended the use of IADPSG
cut-off levels; however, the level of these recommendations
was graded as weak, and the quality of the evidence very
low.” Other authors suggested some modifications in differ-
ent settings, for instance, when health services cannot rea-
sonably be expected to handle the higher number of GDM
cases that would be detected by the IADPSG criteria.'”

On the other hand, the possible problems of overdiag-
nosing GDM could be more intensive surveillance during
pregnancy and a higher overall number of primary cesar-
ean deliveries, diagnosis and management, and more sig-
nificant maternal anxiety.”’*® As for cost-effectiveness,
the information available is still limited; in fact, two stu-
dies reported that screening using IADPSG criteria was
cost-effective only when the long-term benefits of prevent-
ing diabetes development in the mother were considered,
but not for the prevention of major perinatal outcomes.*~*°

In this scenario, GDM diagnostic criteria in Mexican
women with “mild GDM” may be re-evaluated, and
women with only one abnormal value could be considered
just as being “at risk” of developing GDM.

Although a mild increase in glucose levels of Mexican
pregnant women did not increase the risk of giving birth to
LGA or macrosomic newborns, more prospective and
randomized clinical trials are required to corroborate
these findings. Likewise, studies to assess the long-term
risk of women with “mild GDM” are needed to predict the
risk of developing DM2 and other cardiovascular comor-
bidities, given the available evidence that women with
GDM diagnosed by Carpenter and Coustan’s criterion
have a seven-fold higher risk to develop DM2 compared
with those who experience a normoglycemic pregnancy
(RR 7.43, 95% CI 4.79-11.51).*"

Conclusion
The risk of APO was similar among Mexican women
with mild untreated GDM diagnosed by IADPSG cri-
teria, compared to pregnant women without GDM. Pre-
gestational BMI > 30 kg/m” was an independent risk
factor for LGA.
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