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Context: Prevalence of gestational diabetes mellitus (GDM) and obesity continue to increase.

Objective: This study aimed to ascertain whether diet and exercise is a successful intervention for
women with GDM and whether a subset of these women have comparable outcomes to those with
normal glucose tolerance (NGT).

Design, Setting, and Participants: This was a retrospective cohort study of five antenatal centers
along the Irish Atlantic seaboard of 567 women diagnosed with GDM and 2499 women with NGT
during pregnancy.

Intervention: Diet and exercise therapy on diagnosis of GDM were prescribed and multiple ma-
ternal and neonatal outcomes were examined.

Results: Infants of women with GDM were more likely to be hypoglycemic (adjusted odds ratio
[aOR], 7.25; 95% confidence interval [CI], 2.94–17.9) at birth. They were more likely to be admitted
to the neonatal intensive care unit (aOR, 2.16; 95% CI, 1.60–2.91). Macrosomia and large-for-
gestational-age rates were lower in the GDM group (aOR, 0.48; 95% CI, 0.37–0.64 and aOR, 0.61;
95% CI, 0.46–0.82, respectively). There was no increase in small for gestational age among off-
spring of women with GDM (aOR, 0.81; 95% CI, 0.49–1.34). Women with diet-treated GDM and
body mass index (BMI) � 25 kg/m2 had similar outcomes to those with NGT of the same BMI group.
Obesity increased risk for poor pregnancy outcomes regardless of diabetes status.

Conclusion: Medical nutritional therapy and exercise for women with GDM may be successful in
lowering rates of large for gestational age and macrosomia without increasing small-for-gesta-
tional-age rates. Women with GDM and a BMI less than 25kg/m2 had outcomes similar to those with
NGT suggesting that these women could potentially be treated in a less resource intensive setting.
(J Clin Endocrinol Metab 100: 4629–4636, 2015)

The rates of both obesity and gestational diabetes mel-
litus (GDM) have increased significantly during the

last decade (1). These two variables have been indepen-
dently linked with adverse maternal and neonatal out-

comes (2, 3). These include but are not limited to large-
for-gestational-age (LGA) infants (4), pregnancy
hypertensive disorders (4–6), cesarean delivery (4, 7),
polyhydramnios (4), neonatal hypoglycemia (4, 5), mac-
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Abbreviations: aOR, adjusted odds ratio; AWG, appropriate weight gain; BMI, body mass
index; BP, blood pressure; CD, cesarean delivery; CI, confidence interval; DBP, diastolic
blood pressure; EWG, excessive weight gain; GDM, gestational diabetes mellitus; HAPO,
Hyperglycemia and Pregnancy Outcomes; HbA1c, glycosylated hemoglobin; IADPSG, In-
ternational Association of the Diabetes and Pregnancy Study Group; LGA, large for ges-
tational age; MNT, medical nutritional therapy; NGT, normal glucose tolerance; NICU,
neonatal intensive care unit; OGTT, oral glucose tolerance test; OR, odds ratio; PIH, preg-
nancy-induced hypertension; SBP, systolic blood pressure; SGA, small for gestational age.
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rosomia (5), and admission to the neonatal intensive care
unit (NICU) (4, 5). In addition, GDM and obesity seems
to have an additive effect in terms of adverse outcomes (8).
Ongoing obesity and increasing prevalence of GDM have
significant socioeconomic implications. Women with
GDM have a 7-fold increased risk of developing type 2
diabetes mellitus in later life (9). The increasing prevalence
of type 2 diabetes mellitus has already been shown to be a
significant consumer of healthcare budgets nationally and
internationally and is a challenge to health care delivery
(10, 11).

The new International Association of the Diabetes and
Pregnancy Study Group (IADPSG) diagnostic criteria
based in part on the outcomes of the Hyperglycemia and
Adverse Outcomes (HAPO) study (12) are already trans-
lating into an increase in prevalence of GDM. Along the
Irish Atlantic seaboard, in a mainly white population, the
prevalence of GDM was 12.4% when the IADPSG criteria
were applied to a universally screened population com-
pared with 9.4% when the World Health Organization
criteria were applied (4). In the United States researchers
report a 3-fold increase in prevalence of GDM using the
IADPSG in urban Mexican women when compared with
the prevalence using American Diabetes Association cri-
teria (13). This increase in prevalence is translating into an
increase in workload and medical care costs which pose a
significant challenge in the current economic climate. The
National Institutes of Health: CDC Diagnosing Gesta-
tional Diabetes Mellitus Conference (14) estimates that
the IADPSG criteria will result in 450 000 more patient
education visits, 1 million more clinic visits, and 1 million
more prenatal testing appointments each year in the
United States. Gillespie et al (15) estimated the total
healthcare cost at €46 311 301 in Ireland using universal
screening and ongoing management.

International research illustrates that both medical nu-
tritional therapy (MNT) and exercise can alter the usual
and expected increase in insulin resistance seen in Western
societies during mid and late pregnancy (16). A limited
number of small studies have addressed pregnancy out-
comes in women with GDM treated by MNT and exercise
only, stratified according to BMI (17–19). There are no
similar studies in which the diagnosis of GDM has been
made using the IADPSG criteria.

Thus, given the increasing prevalence of GDM, the in-
creasing obesity rates, current dietary trends high in re-
fined carbohydrates, lack of exercise, and the introduction
of the IADPSG diagnostic criteria, it is timely to examine
whether pregnancy outcomes (maternal and neonatal) for
women with GDM treated with MNT and exercise only,
can be stratified according to the woman’s BMI at the
commencement of pregnancy. This will allow us to deter-

mine whether there is a group of women with GDM whose
pregnancy outcomes are comparable to women with nor-
mal glucose tolerance (NGT) who could consequently be
managed in a less costly clinical service (eg, in primary care
or at a midwifery-led clinic). This would translate into
more appropriate resource allocation without increasing
adverse effects to mother and neonate.

The aim of this research was to ascertain whether MNT
and exercise is a successful intervention for women with
IADPSG-diagnosed GDM and whether there is a subset of
women with GDM receiving MNT and exercise only, who
have comparable pregnancy outcomes with women with
NGT stratified according to maternal booking BMI. Our
hypothesis was that women with GDM and a BMI less
than 25 kg/m2 were more likely to have similar outcomes
to those with NGT and a similar BMI and could poten-
tially be treated in a less intensive clinical environment.

Materials and Methods

The ATLANTIC Diabetes in Pregnancy initiative involves
five antenatal centers along the Irish Atlantic seaboard. Its over-
all aim is to improve outcomes for women with diabetes in preg-
nancy through research and changes in the process of health care
delivery. This retrospective cohort study included one group of
women with IADPSG-diagnosed GDM treated with MNT and
exercise and another group of women with confirmed NGT by
IADPSG criteria during the period of September 2009 to August
2013. The Health Service Executive Research Ethics Committee
provided ethical approval. The exclusion criteria included
women less than 18 years old at time of oral glucose tolerance test
(OGTT), treatment with either insulin or oral hypoglycemic
agents at any time during the pregnancy, pregestational diabetes,
and higher-order gestations. The IADPSG criteria confirm a di-
agnosis of GDM when fasting glucose at least 5.1 mmol/L, 1 hour
at least 10.0 mmol/L or 2 hours at least 8.5 mmol/L following a
standard 75-g OGTT. Booking BMI for all participants was
stratified as normal (� 25 kg/m2), overweight (25–29.9 kg/m2),
and obese (� 30 kg/m2). In total, 3066 women eligible for in-
clusion were identified, 567 with GDM and 2499 with NGT.

Women diagnosed with GDM were referred to the combined
diabetes antenatal clinic and attended for the duration of their
pregnancy where they were reviewed by a multidisciplinary team
including an obstetrician, diabetologist, and midwife/diabetes
nurse specialist at each visit. Up to 34 weeks’ gestation, women
were reviewed on a 2–4-weekly basis and weekly thereafter until
delivery. Each patient received an hour-long, individual consul-
tation with a dietician at time of GDM diagnosis and additional
consultations were arranged if deemed necessary. Exercise was
tailored to the individual woman basing on the American Con-
gress of Obstetrics and Gynaecology (20). In addition, women
had access to a phone service to contact the midwife/diabetes
nurse specialist during office hours for advice.

Women were advised to monitor their blood glucose levels
using a glucometer (capillary glucose monitoring) at least 7 times
a day (premeals, 1 h postmeals, and at bedtime). Blood glucose
targets were set at � 5.3 mmol/L for fasting/premeal glucose
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levels and � 7.8 mmol/L 1 hour postmeals. If women did not
reach these targets insulin was introduced and these women were
excluded from this study.

The following maternal outcomes: cesarean delivery (CD),
polyhydramnios, pre-eclampsia, pregnancy induced hyperten-
sion (PIH), and infant outcomes: congenital malformations,
mortality, admission to the NICU, prematurity, LGA, macroso-
mia, small for gestational age (SGA), neonatal hypoglycemia,
and shoulder dystocia were recorded. Pre-eclampsia was diag-
nosed as new-onset systolic blood pressure (BP) (SBP) of at least
140 mm Hg and/or diastolic BP (DBP) of at least 90 mm Hg at
more than 20 weeks’ gestation with proteinuria of greater than
300 mg/day. PIH was diagnosed as new-onset BP at least 140/90
after 20 weeks’ gestation with no proteinuria. LGA was defined
as baby weight greater than 90th percentile on standard growth
chart and macrosomia as birth weight greater than 4 kg. SGA
was defined as baby weight less than 10th percentile for gesta-
tional age. Hypoglycemia was diagnosed as blood glucose level
of less than 3 mmol/L in the first 24 hours postdelivery. The
decision to proceed with CD and admission to NICU was made
by the woman’s obstetrician. Polyhydramnios was diagnosed
when the amniotic fluid index measured greater than 24 cm on
fetal ultrasound. Shoulder dystocia was described as fetal shoul-
ders not delivering after the head has emerged from the mother’s
introitus due to either one or both shoulders becoming impacted
against the bones of the maternal pelvis.

The effect of weight gain during pregnancy in women with
GDM on significant pregnancy outcomes was also assessed.

These women were classified as those with excessive weight gain
(EWG) and those with appropriate weight gain (AWG) as per the
Institute of Medicine guidelines according to previously pub-
lished methods (21, 22).

Data were analyzed using SPSS version 20 (IBM). No impu-
tations were carried out for missing data. Multiple logistic re-
gression was used to model relationships between glycemic sta-
tus and the various maternal and infant outcomes correcting for
age, BMI, smoking status, parity, ethnicity, and family history of
diabetes (first-degree relatives). In addition, macrosomia, LGA,
and SGA were corrected for gestation week at delivery. Differ-
ences between the two groups were reported in adjusted odds
ratio (aOR) and their 95% confidence interval (CI). Pearson’s �2

test was used to compare sample proportions. Fisher’s exact test
was used for those with an expected frequency of less than five.
Hypothesis testing was performed on the data of equal variance
and normal distribution using an unpaired Student t test. Mann-
Whitney U test was used as the nonparametric alternative. Sta-
tistical significance was set at P � .05.

Results

Maternal and neonatal characteristics are illustrated in
Table 1. Women with GDM were older (mean age, 33.4 �

4.9 vs 31.5 � 5.2 y; P � .01), were more likely to have a

Table 1. Maternal and Neonatal Characteristics

Characteristics
GDM
(n � 567)

NGT
(n � 2499)

P
Value

Mean age (�SD), y 33.4 (4.9) 31.5 (5.2) �.01
75-g OGTT mean glucose (�SD)

Fasting glucose 4.94 (0.71) 4.29 (0.30) �.01
1 h 10.2 (1.67) 6.56 (1.42) �.01
2 h 7.47 (1.98) 5.20 (1.03) �.01

Parity n (%)
0 251 (44) 1098 (44)
1 148 (26) 764 (31) �.01
�2 168 (30) 623 (25)

Ethnicity n (%)
White 468 (84) 2355 (94)
Other 87 (16) 158 (6) �.01

Family history n (%) 326 (57%) 796 (30%) �.01
Smoker n (%) 20 (3.5%) 172 (6.9%) �.01
Mean HbA1c -

mmol/mol (�SD) 36 (2) —
% (�SD) 5.4 (0.4)

Mean BMI (�SD), kg/m2 30.5 (6.1) 26.7 (4.8) �.01
BMI category, n (%)

�25 kg/m2 106 (19) 1028 (41) �.01
25–29.9 kg/m2 182 (32) 934 (38)
�30 kg/m2 279 (49) 522 (21)

Mean SBP (�SD), mm Hg 119.7 (13.3) 116.3 (17.1) �.01
Mean DBP (�SD), mm Hg 70.7 (9.8) 70.3 (11.5) .40
Mean gestation week (�SD) 39.3 (1.8) 39.9 (1.7) �.01
Mean birth weight (�SD), kg 3.4 (0.6) 3.6 (0.6) �.01
Median APGARS

1 min (range) 9 (0–10) 9 (0–10) .88
5 min (range) 9 (0–10) 10 (0–10) �.01

Male sex, n (%) 289 (51.0) 1283 (51.3) .21
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family history of type 2 diabetes mellitus (57 vs 30%; P �
.01) and were heavier (mean BMI, 30.5 � 6.1 vs 26.7 � 4.8
kg/m2; P � .01) than those with NGT. A greater propor-
tion of women with GDM were obese with a BMI of at
least 30 kg/m2 in almost half of the cohort (49 vs 21%; P �
.01) compared with those with NGT. Women with GDM
were also more parous (30 vs 25%; P � .01 with at least
two previous deliveries). Although most participants were
white, there was a greater representation of other ethnici-
ties in the GDM group compared with NGT group (16 vs
6%; P � .01). Mean glycosylated hemoglobin (HbA1c) in
women with GDM was 36 mmol/mol (5.4%). Mean
booking SBP was greater in women with GDM (119.7 �
13.3 vs 116.3 � 17.1 mm Hg; P � .01).

Offspring of women with GDM were born slightly ear-
lier (39.3 � 1.8 vs 39.9 � 1.7 wk; P � .01) and weighed
on average 200 g less than those born to mothers with
NGT (3.4 � 0.6 vs 3.6 � 0.6 kg; P � .01). APGAR scores
showed no significant difference at 1 minute but were sig-
nificantly lower in neonates born to GDM mothers at 5
minutes (score, 9 vs 10; P � .01).

Logistic regression was used to compare the various
pregnancy outcomes between women with GDM and
NGT. The rates and aOR of adverse maternal and neo-
natal outcomes are displayed in Table 2. In general,
women with GDM treated with MNT and exercise only
had similar rates of adverse maternal outcomes compared
with women with NGT except for polyhydramnios (aOR,
3.60; 95% CI, 1.82–7.11). Overall, neonates born to
mothers with GDM were more likely to be admitted to
NICU compared with neonates born to mothers with

NGT (aOR, 2.16; 95% CI, 1.60–2.91). Prematurity and
respiratory distress were the main reasons for admission to
NICU for infants of women with NGT, and prematurity
and general observation for those with GDM (Table 3).
The difference in mean length of stay range in NICU be-
tween groups was not significant (GDM vs NGT; 4 [1–
120] vs 5 [1–93] d; P � .11). Infants of women with GDM
were also at higher risk of developing hypoglycemia after
birth (aOR, 7.25; 95% CI, 2.94–17.9). LGA and macro-
somia rates were lower in the MNT and exercise-treated
GDM group compared with the NGT group (aOR, 0.61;
95% CI, 0.46–0.82 and OR, 0.48; 95% CI, 0.37–0.64,
respectively) after correcting for gestation week. There
was no corresponding increase in rate of SGA (OR, 0.81;
95% CI, 0.49–1.34). The number to treat for LGA was 31
and 14 for macrosomia. All other adverse outcomes were
similar between groups. A composite of neonatal adverse

Table 2. Adverse Maternal and Neonatal Outcomes Among Women With GDM Compared With Women With
NGT

Outcome
GDM, n (%)
(n � 567)

NGT, n (%)
(n � 2499) aORb 95% CI

P
Value

CD 172 (30.3) 610 (24.4) 0.94 0.75–1.17 .55
Polyhydramnios 21 (3.7) 21 (0.8) 3.60 1.82–7.11 �.01
Pre-eclampsia 24 (4.2) 95 (3.8) 0.81 0.49–1.34 .41
PIH 66 (11.6) 192 (7.7) 1.16 0.84–1.60 .38
HPD 66 (11.6) 207 (8.3) 1.06 0.77–1.47 .72
CMO 226 (39.9) 749 (30.0) 1.10 0.90–1.36 .36
Malformations 10 (1.8) 35 (1.4) 0.78 0.36–1.70 .54
Prematurity 31 (5.5) 85 (3.4) 1.51 0.94–2.43 .86
Mortality 1 (0.2) 12 (0.5) 0.64 0.08–5.19 .68
NICU 88 (15.5) 189 (7.6) 2.16 1.60–2.91 �.01
LGAa 71 (12.5) 392 (15.7) 0.61 0.46–0.82 �.01
Macrosomiaa 77 (13.6) 515 (20.6) 0.48 0.37–0.64 �.01
SGAa 23 (4.1) 129 (5.2) 0.81 0.49–1.34 .40
Hypoglycemia 18 (3.2) 8 (0.3) 7.25 2.94–17.9 �.01
Shoulder dystocia 9 (1.6) 39 (1.6) 1.19 0.55–2.58 .66
CNO 167 (29.5) 756 (30.3) 0.79 0.64–0.98 .03

Abbreviations: CMO, composite maternal outcome; CNO, composite neonatal outcome.
a aOR additionally corrected for week of gestation at birth. Reference group: women with NGT.
b aOR corrected for age, BMI, smoking status, parity, ethnicity, and family history of diabetes.

Table 3. Reasons for Admission to NICU (P � .14).

Reason
GDM, n (%)
(n � 567)

NGT, n (%)
(n � 2499)

Hypoglycemia 14 (2.4) 10 (0.4)
Infection 9 (1.6) 17 (0.7)
IUGR 0 (0.0) 8 (0.3)
Jaundice 3 (0.5) 4 (0.2)
Malformations 1 (0.2) 7 (0.3)
Observation 17 (3.0) 24 (1.0)
Prematurity 18 (3.2) 41 (1.6)
Respiratory Distress 14 (2.5) 39 (1.6)
Social Reasons 0 (0.0) 4 (0.2)
Unknown 12 (2.1) 35 (1.4)

Abbreviation: IUGR: Intrauterine growth retardation.
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outcomes was lower among offspring of women with
GDM compared with mothers with NGT (OR, 0.79; 95%
CI, 0.64–0.98).

GDM and BMI are both significant and independent
risks of poor outcome and to further assess the effect of
BMI, significant outcomes from Table 2 were examined
according to BMI category. The results are displayed in
Table 4. Women with GDM had higher rates of polyhy-
dramnios with the highest rate in those with GDM and
obesity (5% in women with GDM and BMI � 30 kg/m2

vs 1% in women with NGT and BMI � 30 kg/m2; P � .02).
Infants born to women with GDM were at a higher risk of
admission to NICU with increasing BMI category (P �
.01). Although overall infants of mothers with GDM were
more likely to experience hypoglycemia after birth com-
pared with infants of NGT mothers, there was not a sig-
nificant difference across BMI categories (P � .59). LGA
rates were lower in offspring of women with GDM com-
pared with women with NGT across all maternal BMI
categories and increased in both groups with increasing
BMI (P � .01). A similar pattern was seen for macrosomia
(P � .01).

Outcomes of women with GDM treated with MNT
and exercise were further assessed to elucidate whether
EWG during pregnancy was associated with poor out-
come. Significantly higher rates of polyhydramnios, mac-

rosomia, LGA, NICU admission, hypoglycemia, and com-
posite neonatal outcome were associated with EWG
compared with AWG as illustrated on Table 5. CD and
SGA rates were similar between groups with EWG (OR,
1.08; 95% CI, 0.75–1.5 and OR, 0.69; 95% CI, 0.3–1.64,
respectively).

Given that there was no increased risk of hypertensive
pregnancy disorders associated with GDM, further anal-
ysis was undertaken to evaluate the role of obesity. Table
6 evaluates the risk of these disorders among obese vs
nonobese women with OR adjusted for smoking, parity,
glycemic control, ethnicity, and family history of diabetes.
Obese women had at least twice the risk of developing
hypertensive pregnancy disorders (OR, 2.25; 95% CI,
1.74–2.91).

Discussion

In this study IADPSG-diagnosed GDM and BMI are as-
sociated with the development of adverse pregnancy out-
comes. In particular, women with GDM receiving MNT
and exercise therapy had a higher risk of polyhydramnios
and their neonates had a higher risk of hypoglycemia and
admission to NICU. Neonates of women with GDM had
a lower risk for the development of macrosomia and LGA.
Increasing BMI was associated with an increase in adverse
outcomes in women with and without GDM.

Offspring of women with GDM treated with MNT and
exercise were at a greater risk of developing hypoglycemia
and requiring admission to NICU. One possible explana-
tion for a higher rate of hypoglycemia in the GDM group
could be because these infants are more likely to be tested
for hypoglycemia compared with those born to mothers
with NGT. There existed a variety of reasons for neonatal
admission to NICU as outlined in Table 3 but prematurity
was the main reason for admission to NICU in our cohort
for both groups. There was no difference between groups
for reasons for NICU care. In this study, treatment of
women with GDM by MNT and exercise was successful
in lowering the rates of LGA and macrosomia compared
with BMI-matched offspring of women with NGT with-

Table 4. Pregnancy Outcomes for Women With GDM
Versus NGT According to BMI

Outcome, BMI,
kg/m2

GDM
N/T (%)

NGT
N/T (%)

P
Value

Polyhydramnios
BMI �25 3/106 (2.8) 5/1028 (0.5)
BMI 25–29.9 4/182 (2.2) 11/934 (1.2)
BMI �30 14/279 (5.0) 5/505 (1.0) .02

NICU
BMI �25 11/105 (10.5) 72/1020 (7.1)
BMI 25–29.9 26/181 (14.4) 65/926 (7.0)
BMI �30 51/278 (18.3) 47/503 (9.3) �.01

Hypoglycemia
BMI �25 3/106 (2.8) 2/1028 (0.2)
BMI 25–29.9 3/182 (1.6) 2/934 (0.2)
BMI �30 12/279 (4.3) 4/505 (0.8) .59

LGA
BMI �25 10/106 (9.4) 125/1025 (12.2)
BMI 25–29.9 19/182 (10.4) 149/932 (16.0)
BMI �30 42/278 (15.1) 110/505 (21.8) �.01

Macrosomia
BMI �25 8/106 (7.5) 169/1024 (16.5)
BMI 25–29.9 20/181 (11.0) 203/930 (21.8)
BMI �30 49/278 (17.6) 136/503 (27.0) �.01

CNO
BMI �25 21/105 (20.0) 265/1016 (26.1)
BMI 25–29.9 46/180 (25.6) 282/924 (30.5)
BMI �30 100/278 (36.0) 197/502 (39.2) �.01

Abbreviations: CNO, composite neonatal outcome; N, number; T, total
in diabetes group, BMI category, and outcome.

Table 5. Outcomes of Women With GDM Classified
According to EWG Compared With AWG (n � 567)

Outcome n
EWG, n
(%)

AWG,
n (%)

P
Value

Macrosomia 77 51 (66.2) 26 (33.8) �.01
LGA 71 50 (70.4) 21 (29.6) �.01
NICU 88 52 (59.1) 36 (40.9) �.01
Hypoglycemia 18 12 (66.7) 6 (33.3) �.01
CNO 167 102 (61.7) 65 (38.9) .02

Abbreviation: CNO, composite neonatal outcome.
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out any increase in SGA. In terms of maternal outcomes,
there was no increased risk of CD, PIH, or pre-eclampsia
in women with GDM compared with women with NGT
as outlined in Table 2. Even though there was an excess
risk of developing polyhydramnios in women with GDM,
this did not result in a similar increase in rates of possible
complications such as CD, neonatal death, and prematu-
rity. There was a similar risk of women delivering via CD
regardless of diabetes status (OR, 0.94; 95% CI, 0.75–
1.17 for GDM vs NGT). O’Sullivan et al (4) using a similar
dataset but encompassing all women with GDM regard-
less of treatment modality found that women with GDM
were at a higher risk of delivering via CD compared with
women with NGT (4). However, in our study this differ-
ence was not observed, suggesting that the indications for
performing CD in this cohort at least are not merely due
to the woman having the label of GDM but may be related
to GDM treatment with insulin.

In this study, increasing BMI was associated with in-
creased rates of adverse pregnancy outcomes for those
with and without GDM. Our findings support previous
work in this area (4, 18, 23). It is also well established that
in addition to obesity, rates of adverse pregnancy out-
comes are further augmented by excessive weight gain in
pregnancy (22, 24). Our data reveals that among women
with GDM, adverse outcomes occur more frequently in
women with excessive gestational weight gain. In relation
to treatment, Most and Langer (19) found that obese and
overweight patients with GDM treated with diet and ex-
ercisehada2–3-fold increased rateofLGAcomparedwith
women with normal prepregnancy BMI. In contrast,
women with GDM in our cohort produced infants of
lower birth weight with a decreased aOR (0.61; 95% CI,
0.46–0.82; P � .01) of LGA without subsequent increase
in SGA after correcting for gestational age at delivery. This
finding was further supported by a macrosomia aOR of
0.48 in women with GDM compared with those with
NGT. Overall, the composite neonatal outcome was lower
in offspring of women with GDM compared with neo-
nates of mothers with NGT (OR, 0.79; 95% CI, 0.64–
0.98; P � .03). These findings suggest that MNT and
exercise were successful in reducing the rates of LGA and

macrosomia to levels lower than that seen in BMI-
matched NGT women.

Women with GDM had a higher booking systolic BP
compared with women with NGT (mean booking SBP of
119.7 � 13.3 mm Hg vs 116.3 � 17.1 mm Hg, respec-
tively; P � .01). Despite this, there was no excess of pre-
eclampsia or PIH rates in the GDM group. Hypertensive
pregnancy disorders including pre-eclampsia occurs in
obesity with a frequency of two to four times that of moth-
ers with healthy BMI (23). Some studies have also found
that the association between pre-eclampsia and raised
BMI occurs independently of GDM, and demonstrates a
linear increase in risk with increasing BMI (7, 25). Simi-
larly, in our study as shown in Table 6, obese women have
at least twice the risk of developing hypertensive preg-
nancy disorders (OR, 2.25; 95% CI, 1.74–2.91).

This is a large cohort study and includes a wide range
of women from urban and rural settings across all BMI
categories, making the results generalizable and externally
valid. In addition, the comparative group of women had
proven NGT on a 75-g OGTT. Finally, this study is the
only one to date analyzing pregnancy outcomes in GDM
women diagnosed using the IADPSG criteria and receiving
MNT and exercise only. Other studies have either used the
World Health Organization criteria for GDM diagnosis or
included all patients regardless of treatment modality
(4–6, 17). Limitations of this study include missing data.
Collaborators of the initial ATLANTIC Diabetes in Preg-
nancy study were contacted to amend missing data where
possible. In the end, there was less than 5% missing data
for analysis. Ascertainment bias could not be excluded as
a reason for the higher rates of neonatal hypoglycemia and
polyhydramnios in the GDM group. We do not have in-
formation on induction of labor, a factor that may have
resulted in the lower gestational age at delivery among
women with GDM.

In summary, MNT and exercise in women with GDM
diagnosed by IADPSG criteria may be successful in low-
ering LGA and macrosomia rates without increasing SGA
rates. However, polyhydramnios remains a risk in women
with GDM with no subsequent increase in complications
of polyhydramnios including CD and prematurity. Hypo-

Table 6. Pregnancy Hypertensive Disorders in Relation to Obesity (BMI � 30 kg/m2)

Hypertensive
Disorder

Obese, n (%)
(n � 784)

Nonobese, n (%)
(n � 2250) aORa 95% CI

P
Value

PIH 106 (13.5) 149 (6.6) 2.21 1.69–2.87 �0.01
Pre-eclampsia 47 (6.0) 71 (3.2) 2.96 1.34–2.86 �0.01
PHD 113 (14.5) 157 (7.0) 2.25 2.74–2.91 �0.01

Abbreviation: PHD, pregnancy hypertensive disorders (pre-eclampsia and PIH).
a Corrected for age, smoking status, parity, ethnicity, and family history of diabetes.
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glycemia in the newborn also remains a risk for infants of
women with GDM although this result may be due to
ascertainment bias. Overall, offspring of women with
GDM and a BMI less than 25 kg/m2 are less affected and
we propose that these women could be treated in a less
intensive clinical environment—for example a midwifery-
led rather than physician-led clinic. Patients would con-
tinue to participate in home glucose monitoring and re-
ceive dietary and exercise advice with physician referral if
targets are not met.

Although prior explorations of alternative models of
GDM care are limited, Perez-Ferre et al (26) found that
there was no difference in HbA1c, normal delivery, and
LGA rates between women randomly assigned to tradi-
tional face-to-face outpatient clinic visits and an interven-
tion group, which was provided with a Telemedicine sys-
tem for the transmission of capillary glucose data and
short text messages with weekly professional feedback.
Chase et al (27) showed that in a nonpregnant, diabetes
type 1 population, electronic transmission of blood glu-
cose levels and other diabetes data every 2 weeks, in lieu
of a clinic visit, resulted in a similar level of glucose control
when compared with current standard care. Although our
study supports the ongoing use of MNT and exercise for
treatment of IADPSG-diagnosed GDM, additional ran-
domized controlled studies are needed to confirm whether
women with GDM and BMI less than 25 kg/m2 could be
treated in a less intensive setting. These studies should also
include a cost analysis to ensure these women are managed
in a safe and efficient manner.
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