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Summary

We prospectively studied pregnancy outcome in
428 women with gestational diabetes mellitus
(DM) and 196 women with pregestational DM,
with particular reference to the influence of
maternal obesity and excessive weight gain. These
were consecutive singleton pregnancies delivered
in our institution over 5 years. After controlling for
multiple risk factors, including maternal BMI and
pregnancy weight gain, women with pregestational
DM were at increased risk (compared to those with
gestational DM) for Caesarean delivery (OR 3.6,
95%CI 2.3-5.6), shoulder dystocia or cephalo-
pelvic disproportion (OR 2.2, 95%CIl 1.3-3.6), and

gestational hypertension or toxaemia (OR 3.0,
95%Cl 1.7-5.4). The offspring of these women
were also at increased risk for admission to
the neonatal intensive care unit (OR 4.0, 95%CI
2.3-6.8), large-for-gestational-age birthweight (OR
3.5, 95%Cl 2.2-5.6), and preterm birth before
37 weeks (OR 3.8, 95%CI 2.5-5.9). Maternal
obesity, and, to a lesser degree, excessive weight
gain, were also independent risk factors for all
these adverse maternal and neonatal outcomes,
regardless of the type of DM, except for shoulder
dystocia/cephalopelvic disproportion.

Introduction

The presence of maternal diabetes mellitus (DM)
during pregnancy has important consequences
for both mother and child. Women with DM are
at increased risk for pre-eclampsia'~* and Caesarian
delivery,” while their infants tend to experi-
ence higher rates of macrosomia® and shoulder
dystocia.”®

The development of gestational DM®? is directly
related to increased maternal body mass index

(BMI). For example, the Nurse’s Health Study
investigators found that a pre-pregnancy BMI of
30 kg/m” or greater was a strong risk factor for
the development of gestational DM (RR 2.9,
95%Cl 2.2-3.9).% Others have defined both mater-
nal obesity and excessive weight gain as major risk
factors for pre-eclampsia,'®™'? Caesarian section,'®
preterm delivery,"” fetal macrosomia'*'® and fetal
death.” What remains unclear, however, is to what
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degree the presence of maternal obesity and weight
gain among women with DM also contributes
to the risk for adverse outcomes. For example,
in a prospective study of 2272 women with
gestational DM, only maternal BMI predicted
neonatal birth weight, while plasma glucose levels
did not.'® In another study, tight glucose control
was effective at lowering the risk for adverse
perinatal events among obese women with gesta-
tional DM, but not among those whose BMI was
normal.'” Similarly, limiting weight gain in the
presence of gestational DM was most effective at
reducing the number of adverse events within the
obese subgroup.'®

Our current understanding of the influence of
DM sub-type, obesity and weight gain on preg-
nancy outcome is limited by the fact that most
data originate from studies comparing women with
DM to healthy controls without DM.'®'? Using
such controls may exaggerate the true effect size
for adverse obstetrical outcomes compared to the
real population, since the latter typically includes
women who are obese, or who have undetected
DM or concomitant maternal or fetal health
problems. Moreover, previous studies rarely con-
trolled for maternal BMI or pregnancy weight gain,
while exploring the relationship between DM and
adverse obstetrical and neonatal outcomes.

In an attempt to overcome some of these
limitations, we studied over 600 women with
gestational and pregestational DM, and asked two
principal questions: (i) After adjusting for pre-
pregnancy BMI and weight gain during pregnancy,
do maternal and neonatal morbidity differ among
women with gestational compared with pregesta-
tional DM? (ii) To what degree do maternal obesity
and excess weight gain contribute to the develop-
ment of adverse outcomes among women with DM
during pregnancy?

Methods

Patients and data collection

We included all consecutive women with DM
and a singleton pregnancy who delivered at the
Women’s College Hospital between 1 May 1993
and 31 August 1998. If a woman delivered more
than once during this time, her first pregnancy was
selected. We included those diagnosed with either
pregestational DM (i.e. type 1 and type 2 DM) or
gestational DM, according to established criteria.°
Women without pregestational DM were uni-
versally screened at between 24 and 28 weeks
gestation using a 1-h 50 g glucose challenge test.
Those whose initial screening test was abnormal

went on to complete a 3-h 100 g oral glucose
tolerance test (OGTT). Gestational DM was con-
firmed by the presence of at least two abnormal
OGTT glucose values.?® Dietary counselling and
capillary blood sugar testing were typically offered
to women diagnosed with gestational DM, with the
addition of insulin therapy for those whose 2-h PC
sugars remained >7.0-8.0 mmol/l. Measurements
typically used to assess glycaemic control during
pregnancy (e.g. capillary glucose or glycosylated
hemoglobin concentrations) were not collected in
a systematic fashion for this study, and accordingly,
are not reported.

The Women’s College Hospital is a tertiary care
facility with an average of 3800 deliveries per
year, and is equipped with a High-Risk Obstetrics
service, as well as a level 3 neonatal intensive care
unit (NICU). The usual practice at this centre was
to induce labour at 38 weeks among women with
pregestational DM, and to maintain maternal
glucose levels at between 3.5 and 7.0 mmol/l
during delivery. Each newborn of a mother with
DM was evaluated using Apgar scores, a general
physical examination, and a capillary blood sugar
level. Provided that the Apgar scores were satis-
factory and gestational maturity was achieved, most
neonates were sent to the level 1 newborn nursery
for further glucose monitoring and oral feeding.
Although this was the policy, no system had been
set up to ensure that this was carried out in practice.

Since May 1993, data were collected on all
women who delivered at the Women’s College
Hospital, regardless of maternal health, mode of
delivery, or perinatal outcome. These data were
prospectively entered into an on-site computer by
the attending nurse, generally within a few hours
of delivery. Variables included maternal age at
delivery, gravidity and parity, previous obstetrical
history (e.g. stillbirth, abortion, preterm birth,
neonatal death, Caesarian section), and past med-
ical history, including presence of DM or chronic
hypertension. Data related to delivery included
placental position, need and reasons for induction
of labour, and use of epidural anaesthetic. Baseline
perinatal/fetal data included fetal presentation,
administration of maternal corticosteroids for fetal
lung maturity, and administration of maternal
antibiotics during labour.

To complete the data set, two authors (JR and JS)
reviewed the standard antenatal sheets of all
women included in the study. We collected addi-
tional information on pre-pregnancy weight (kg),
height (cm) and net weight gain during pregnancy,
and calculated the pre-pregnancy body-mass index
(kg/mz). We also verified that the correct DM classi-
fication was applied to each patient. If the antenatal
records were not available through the hospital
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chart, then the primary care obstetrician or family
physician was contacted for these data.

Study outcomes

The following maternal and delivery outcomes
were assessed: (i) A diagnosis of shoulder dystocia;
(ii) a composite of either shoulder dystocia or cepha-
lopelvic disproportion; (iii) all-cause Caesarean
section, as well as Caesarean delivery with and
without labour; (iv) a composite of either all-cause
Caesarian or forceps delivery; (v) development of
a second, third or fourth degree vaginal tear;
and (vi) development of either gestational hyper-
tension or pre-eclampsia. The composite outcome
of shoulder dystocia or cephalopelvic dispropor-
tion was chosen because both are attributable to
maternal obesity, DM and fetal macrosomia, and
both typically necessitate Caesarian delivery.?'*?
Neonatal study outcomes included: (i) admission to
the NICU, regardless of cause or duration; (ii) large
for gestational age birthweight (LGA), defined as
a birthweight greater than two standard deviations
above the 50th percentile weight for gestational
age;”? and (iii) preterm delivery before 32 or 37
weeks gestation.

Statistical analysis

The association between DM type (i.e. pregesta-
tional vs. gestational) and each study outcome was
evaluated using multiple logistic regression ana-
lysis. All odds ratio estimates were adjusted for
specific covariates, as defined a priori. Maternal
covariates included maternal age (1 year incre-
ments); parity; pre-pregnancy BMI; net weight gain
during pregnancy (5 kg increments); history of
chronic hypertension; history of preterm delivery
before 37 weeks; history of neonatal death or still-
birth; and history of previous Caesarian section or
uterine surgery. Fetal presentation (vertex vs. breech)
was only included in the analyses of Cesarean
delivery outcome. In the analyses of neonatal
outcomes, the presence of placenta previa,
gestational age at deliver and maternal receipt
of betamethasone for fetal lung maturity were
included solely in NICU admission.

Baseline maternal characteristics, gestational age
at delivery and neonatal birthweight were com-
pared across groups using either an unpaired t-test
for continuous variables or the y” test for categorical
data. All p values were two-sided, and a signi-
ficance level of 0.05 was set a priori. Statistical
analyses were performed using SAS Version 6.12.
Permission to conduct this study was granted by the
Sunnybrook and Women’s College Hospitals’

Medical Records Department and the Hospital
Research Review Board.

Comparability with other studies

For the Discussion, we compared our results to
those of other investigators, and examined whether
the rates for Caesarean delivery and LGA have
changed with time. We searched MEDLINE for all
English language reports published between 1985
and May 2000 that included women with either
gestational or pregestational DM. Only studies
that presented data on both LGA and all-cause
Caesarian delivery were included. For studies that
compared different periods of observation, rates
were abstracted for the latest period of study.
Similarly, when groups were compared for different
degrees of glycemic control, data were used for
women with the strictest glycaemic control. All
rates were presented in graphical form, according to
year of publication. Acknowledging its limitations,
we calculated crude, non-weighted mean rates
for Caesarean section and LGA across the all
studies of gestational DM and pregestational DM.
In a descriptive manner, we then compared our
own results to these crude averages.

Results
Study findings

Between 1 May 1993 and 31 August 1998, 428
women with gestational DM and singleton preg-
nancies, and 196 women with pregestational DM
and singleton pregnancies were delivered at our
hospital. Of those with pregestational DM, 146
(74.5%) had type 1 DM and 50 (25.5%) had type 2
DM. Complete data were available on all women,
with the exception of BMI, for which height was not
measured in 67 (16%) women with gestational DM
and in 21 (11%) with pregestational DM. Selected
baseline maternal and neonatal characteristics are
listed in Table 1. Women with gestational DM
were slightly older (33.1 vs. 31.5 years), and there
was a higher rate of chronic hypertension in the
pregestational DM group (6.1 vs. 1.9%). Although
the mean birthweight did not differ between
groups, the infants of mothers with pregestational
DM were delivered a mean of 1.5 weeks earlier, at
a mean gestational age of 36.1 weeks.

Shoulder dystocia was diagnosed among
3.0% of women with gestational DM and 4.1%
of those with pregestational DM (OR 1.8, 95%Cl
0.6-5.1). Compared to those with gestational
DM, women with pregestational DM were at
significantly increased risk for shoulder dystocia
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or cephalopelvic disproportion (OR 2.2, 95%Cl
1.3-3.6), and were at even greater risk for all-cause
Caesarian section (rate 60.2%; OR 3.6, 95%ClI
2.3-5.6) (Table 2). The risk for Caesarean delivery
among women with pregestational compared to
gestational DM was more pronounced for the
subgroup who did not experience labour (OR 4.4,
95%Cl 2.2-9.0) than for those who did labour
(OR 3.3, 95%CI 2.0-5.4). After adjusting for DM
type and other potential confounders, it appeared
that the risk for all-cause Caesarian section rose
progressively with increasing pre-pregnancy BMI,
and was highest among those whose BMI
was >30.0 kg/m2 (rate 55.3%; OR 3.5, 95%CI
1.4-8.6). This was evident despite the absence of a
relationship between higher BMI and the develop-
ment of either shoulder dystocia or cephalopelvic
disproportion (OR 1.2, 95%Cl 0.4-3.4). Weight
gain conferred a slightly increased risk for both
all-cause Caesarean delivery (OR 1.2 for each 5 kg
increment, 95%Cl 1.0-1.4) and the composite
of all-cause Caesarian or forceps delivery (OR
1.2, 95%Cl 1.0-1.4) (Table 2).

There was no significant difference in the rate
of second, third or fourth degree vaginal tears
between women with gestational vs. pregestational
DM, nor with higher maternal BMI or weight gain

(Table 2). However, compared to those with gesta-
tional DM, women with pregestational DM experi-
enced higher rates of gestational hypertension
and toxaemia (20.4%; OR 3.0, 95%Cl 1.7-5.4). A
non-significant association with the hypertensive
disorders of pregnancy was seen with increasing
BMI, but weight gain was a significant risk factor
for this outcome (OR 1.4 for each 5 kg increment,
95%Cl 1.2-1.7) (Table 2).

Neonatal outcomes are presented in Table 3.
The rate of admission to the NICU was significantly
higher among the offspring of women with pre-
gestational (83.7%) than gestational (45.8%) DM
(OR 4.0; 95%CI 2.3-6.8). There was also a graded
increase in risk for NICU admission according
to increasing maternal BMI, with the highest
risk among those whose BMI was >30.0 kg/m’
(OR 2.4, 95%Cl 1.0-5.9). Weight gain during
pregnancy also conferred an increased risk for
NICU admission (OR 1.2 for each 5 kg increment,
95%CI 1.0-1.4).

LGA infants were born more commonly to
women with pregestational DM (rate 37.2%; OR
3.5, 95%Cl 2.2-5.6) (Table 3). Both maternal
obesity (OR 3.3, 95%Cl 1.0-10.6) and 5 kg interval
weight gain (OR 1.3, 95%CI 1.1-1.6) were
independent predictors of LGA birthweight. The

Table 1 Characteristics of singleton women with gestational and pregestational diabetes mellitus, as well as gestational

age and neonatal birthweight at delivery

Gestational diabetes
mellitus (n=428)

Characteristic

Statistical
comparison
between groups

Pregestational diabetes
mellitus (n=196)

Mean (SD) maternal age (years) 33.1 (4.5)

No. (%) primigravidae 226 (52.8)

No. (%) prior Caesarian section” 50 (24.8)

No. (%) prior preterm delivery 41 (20.3)
before 37 weeks”

No. (%) previous stillbirth or 33 (16.3)
neonatal death”

No. (%) chronic hypertension 8(1.9)

Mean (SD, 95%Cl) pre-pregnancy
BMI (kg/m?)
No. (%)
BMI <20.0 309.1
BMI 20.0-24.9 138 (38.2)
BMI 25.0-29.9 106 (29.4)
BMI >30.0 4 (23.3)
Mean (SD, 95%Cl) weight gain 12 9 (
during current pregnancy (kg)
Mean (SD, 95%Cl) gestational
age at current delivery (weeks)
Mean (SD, 95%Cl) neonatal

birthweight at current delivery (g)

26.6 (6.3, 25.9-27.2)

7.0, 12.2-13.6)

37.6 (2.8, 37.3-37.8)

31.5 (4.9) p<0.001
116692) p=0.2
0(37.5) p=0.3
4(17.5) p=0.4
4(17.5) p=0.9
12 (6.1) p=0.01
26.2 (5.5, 25.4-27.0) p=0.4
0(5.7) NA
0 (45.7) NA
6 (26.3) NA
9 (22.3) NA
122@111313n p=0.2
36.1 (2.5, 35.7-36.4) p<0.001

3265.4 (785.6, 3200.8-3350.1) 3266.6 (877.2, 3143.0-3390.2) p=1.0

“Excludes all primigravidae.

“BMI data were unavailable for 67 (16%) women with gestational DM and 21 (11%) with
pregestational DM. BMI, body mass index; NA, not applicable.



Table 2 Rates and adjusted odds ratios (OR) for delivery and maternal health outcomes among women with pregestational and gestational diabetes mellitus

Maternal characteristic Shoulder dystocia All-cause Caesarian All-cause Caesarian Second, third or fourth Hypertensive disorders
or cephalopelvic delivery or forceps delivery degree vaginal tear of pregnancy”
disproportion

Rate (%) OR (95%Cl)  Rate (%) OR" (95%Cl) Rate (%) OR (95%Cl)  Rate (%)  OR (95%Cl) Rate (%) OR (95%Cl)

Diabetes mellitus type

Gestational 14.2 1.0 341 1.0 40.6 1.0 23.5 1.0 8.9 1.0

Pregestational 25.5 2.2 (1.3-3.6) 60.2 3.6 (2.3-5.6) 66.3 3.3 (2.1-5.1) 184 0.8 (0.5-1.3) 20.4 3.0 (1.7-5.4)
Pre-pregnancy BMI (kg/m?)

<20.0 14.0 1.0 30.2 1.0 41.9 1.0 25.6 1.0 4.6 1.0

20.0-24.9 21.1 1.5 (0.6-3.8) 39.0 1.2 (0.5-2.8) 45.4 0.9 (0.4-2.0) 21.1 0.7 (0.3-1.6) 10.6 1.8 (0.4-8.1)

25.0-29.9 16.4 1.3 (0.5-3.5) 43.4 1.3 (0.6-3.3) 50.7 1.1 (0.5-2.5) 27.0 1.3 (0.6-2.9) 13.2 2.6 (0.6-11.8)

>30.0 15.4 1.2 (0.4-3.4) 553 3.5 (1.4-8.6) 58.5 2.3(1.0-5.4) 146 0.4 (0.2-1.1) 17.1 4.1 (0.9-18.9)
Weight gain (5 kg increments) - 1.1 (0.9-1.3) - 1.2(1.0-14) - 1.2 (1.0-14) - 0.9 (0.8-1.1) - 1.4 (1.2-1.7)

“All odds ratios were adjusted for DM class (gestational or pregestational), maternal age, parity, pre-pregnancy BMI, net weight gain during pregnancy, history of chronic
hypertension, history of preterm delivery before 34 weeks, history of neonatal death or stillbirth, history of prior Caesarian section or uterine surgery, and the presence of placenta
previa. Fetal presentation was added to the analysis of Caesarean delivery. ~Defined as either gestational hypertension, pre-eclampsia or the HELLP (Haemolysis, Elevated Liver
enzymes, Low Platelets) syndrome. BMI, body mass index.
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Table 3 Rates and adjusted odds ratios (OR) for neonatal outcomes among women with pregestational and gestational

diabetes mellitus

Maternal

characteristics NICU admission LGA

Preterm birth
<37 weeks

Preterm birth
<32 weeks

Rate (%) OR" (95%Cl) Rate (%) OR (95%Cl)

Rate (%) OR (95%Cl) Rate (%) OR (95%ClI)

Diabetes mellitus type

Gestational 45.8 1.0 15.9 1.0 4.7 1.0 19.2 1.0

Pregestational 83.7 4.0 (2.3-6.8) 37.2 3.5(2.2-5.6) 7.1 2.1 (0.8-5.1) 43.4 3.8 (2.5-5.9)
Pre-pregnancy BMI (kg/m?)

<20.0 39.5 1.0 9.3 1.0 4.6 1.0 7.0 1.0

20.0-24.9 54.1 1.2 (0.5-2.7) 24.8 2.5(0.8-7.7) 3.2 0.6 (0.1-3.3) 28.0 5.0 (1.4-17.6)

25.0-29.9 61.8 1.9 (0.8-4.4) 243 2.6 (0.8-8.2) 4.6 0.9 (0.2-4.6) 28.3 5.5 (1.5-19.4)

>30.0 65.0 2.4 (1.0-5.9) 26.0 3.3 (1.0-10.6) 6.5 0.8 (0.4-4.4) 27.6 5.1 (1.4-18.6)
Weight gain - 1.2 (1.0-1.4) - 1.3 (1.1-1.6) - 0.9 (0.6-1.3) — 1.0 (0.8-1.2)

(5 kg increments)

“All odds ratios were adjusted for DM class (gestational or pregestational), maternal age, parity, pre-pregnancy BMI, net
weight gain during pregnancy, history of chronic hypertension, history of preterm delivery before 34 weeks, history of
neonatal death or stillbirth, and history of prior Caesarian section or uterine surgery. The presence of placenta previa,
gestational age at delivery and maternal receipt of betamethasone were added to the analysis of NICU admission. NICU,
neonatal intensive care unit; LGA, large-for-gestational-age birthweight; BMI, body mass index.

risk for preterm delivery before 32 weeks was not
significantly associated with DM type, BMI, or
weight gain; however, infants born to mothers with
pregestational DM were at increased risk for
preterm birth before 37 weeks (OR 3.8, 95%Cl
2.5-5.9). Compared with a BMI of <20.0 kg/m?,
each BMI group above this value had a significant
association with preterm delivery before 37 weeks
regardless of DM type (OR 5.0-5.5) (Table 3).

There were 17 (2.7%) congenital defects
detected at birth in our study. The number of anom-
alies that may have resulted in a either spontan-
eous or therapeutic termination before birth was
not available. Five (2.6%) anomalies were seen in
the offspring of mothers with pregestational DM, of
whom four had type 1 DM. The remaining 12
(2.8%) congenital anomalies arose in the offspring
of mothers with gestational DM.

Discussion

We studied the pregnancy outcomes of 428
women with gestational DM and 196 women with
pregestational DM. After controlling for multiple
risk factors, including maternal BMI and pregnancy
weight gain, we observed that women with
pregestational DM were at an increased risk for
operative delivery, shoulder dystocia or cephalo-
pelvic disproportion, and gestational hypertension
or pre-eclampsia. The offspring of these women
were also at a significantly increased risk for NICU
admission, LGA birthweight, and preterm birth.

We also found maternal obesity, and, to a lesser
degree, excessive weight gain, to be independent
risk factors for adverse maternal and neonatal
outcomes.

There were several limitations to our study. First,
due to the absence of a control group without DM,
we did not compare the risk for adverse events
between women with and without DM. This
decision was made on the basis that previous
studies have clearly established this point."™®
Second, we did not define or control for maternal
ethnicity, which is a known risk factor for the
development of both gestational” and type 2** DM.
A third limitation is that neither the nurses nor
physicians in our study were blinded to the
patients’” DM subtype, past medical and obstetrical
history, or fetal status. Furthermore, we did not
control for maternal co-morbidity, such as the
presence of diabetic nephropathy.”® Each of these
factors may have influenced the endocrinologists’
and obstetricians’ choice regarding timing and
mode of delivery, and the pediatricians’ decision
to admit a newborn to the NICU.

In the current study, we did not collect data on
maternal insulin use or glycemic control in preg-
nancy, both of which may influence perinatal
outcome.” We chose to omit the use of the glyco-
sylated haemoglobin concentration as a marker of
early pregnancy glycemic control, because this test
is rarely ordered in women with gestational DM.
Although we might have used the mean serum
glucose values in both groups of women, we knew
that fewer results would be available for those
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with gestational DM, and the majority would have
been collected after 32 weeks gestation. Had we
incorporated these data, knowing the degree to
which they were imbalanced, we might have intro-
duced, rather than attenuated, study bias. Finally,
some clinicians may challenge our decision to
classify women with type 1 and type 2 DM together,
since they differ in terms of pathophysiology and
maternal complications. However, others have
found little or no difference between individuals
with type 1 and type 2 DM, in terms of rates for
Caesarean section, shoulder dystocia or LGA
birthweight.”®

The strengths of the DEPOSIT study lie in its
originality, modest sample size, and the adjustment
for several important maternal confounders. We
are not aware of other investigations of the
relative contributions of pregestational and gesta-
tional DM to both maternal and neonatal complica-
tions that also consider the concomitant impact of
pre-pregnancy BMI and weight gain.

The observation that pregestational DM confers
a higher risk for obstetrical complications com-
pared to gestational DM, independent of baseline
weight and weight gain, may be explained by one
or more factors. For example, fetal exposure to
the hyperglycaemic milieu of pregestational DM is
typically more prolonged and severe, and hence,
may be more pathogenic, than with gestational
DM.?” This is paralleled by higher fetal production
of endogenous insulin and C-peptide.”® The fact
that we did not record either insulin dosing or
adequacy of glycemic control for all of our partici-
pants precludes us from addressing this issue more
directly, however.

The rates for LGA birthweight and Caesarean
section in our study compared with other studies
are presented in Figures 1 and 2. The frequency of
Caesarean delivery observed in our population was
appreciably higher than the crude mean across
all studies of both gestational DM (34% vs. 25%)
(Figure 1) and pregestational DM (60% vs. 49%)
(Figure 2). However, the rate of LGA in our study
approximated the crude mean rate for all studies of
gestational DM (16% vs. 19%) and pregestational
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DM (37% vs. 34%). We caution against drawing
strong conclusions from these comparisons, how-
ever, since these crude mean rates were derived
from studies comprising different populations at
different periods, and were not based on formal
meta-analytical principles.””

Using year of publication as a reference point,
Figures 1 and 2 suggest that the rates of LGA and
Caesarean section have not declined appreciably
over time. We acknowledge that the year of
publication was only an approximate indicator
of the period of study. Nonetheless, the fact that
we and others have demonstrated that women with
pregestational DM remain at greatest risk for
operative delivery, independent of several maternal
covariates or the presence of an LGA infant, is
an important one. Caesarian delivery is associated
with increased health care costs,”®? as well as
higher maternal®® and neonatal morbidity.®® Further-
more, relative to those with gestational DM, we
have found that women with pregestational
DM are even more likely to undergo Caesarean
delivery without labour. One can speculate as to
whether such behaviour reflects a ‘play it safe’
strategy among obstetricians who care for women
with pregestational DM, an observation already
noted for women with gestational DM.*”

We were most interested to find a higher risk
for Caesarian delivery related to maternal obesity
despite little association between elevated BMI
and the diagnosis of shoulder dystocia or cephalo-
pelvic disproportion. Future research should attempt
to identify the reasons for Caesarian delivery
in these women, including the preferences of both
obstetricians and patients,®' as well as the limita-
tions of ultrasonography for accurately predicting
the presence of fetal macrosomia at birth.®”
This may enhance our understanding of ways to
reduce the rate of complications among women
with DM who undergo a trial of labour,®® especially
in terms of progression to Caesarean delivery. There
also remains an urgent need to evaluate whether
policies aimed at the appropriate use of elective
Caesarean delivery>”®® can be safely applied to
women with DM.

40

—~ 30

8

< 201

<

S i 1 N H
0 1985 1989 1989 1991 1991 1993 1994 1995 1996 1997 1998 1999 2000 2000
29 @B0) 3D (G2 33 G4 @ @) @33 19 @G6) (@27 (37) (Current)

Year of publication (reference)

Figure 1. Rates for Caesarian delivery (empty bars) and LGA birthweight (solid bars) from published studies of women with

gestational diabetes mellitus.
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Figure 2. Rates for Caesarian delivery (empty bars) and LGA birthweight (solid bars) from published studies of women with

pregestational diabetes mellitus.

In our population of women with DM,
both pregestational and gestational, we found
pre-pregnancy obesity to be independently and
strongly associated with both LGA and birth before
37 weeks, while net weight gain during pregnancy
had a more modest effect. Others have observed
a strong association between pre-pregnancy BMI
and adverse perinatal events within non-diabetic
populations, despite little or no influence from
pregnancy weight gain.®*®> Furthermore, among
women with pregestational DM, the development
of LGA has been mostly attributed to the level of
glycaemic control during the early®® and late®”®®
first trimester, but not at subsequent gestational
periods. Together, these data suggest that the timing
for the development of LGA among the infants of
women with DM may depend on the presence
of periconceptual insulin resistance® as well
as concomitant hyperglycemia.®® Future clinical
research should evaluate whether limiting weight
gain during pregnancy can reduce the risk for
adverse perinatal events among women with all
forms of DM,”® and more specifically, whether
there is any benefit from a preconceptual weight
reduction program among obese women with
DM who are planning to conceive.®®”"

In our study, we found that the infants of mothers
with gestational and pregestational DM were
admitted to NICU at rates of 46% and 84%,
respectively. The risk for NICU admission was
even more pronounced among the offspring of
obese mothers, as noted previously in a population
of women without known DM,”? and was independ-
ent of gestational age. Although we did not assess
the duration of stay in our study, a single day in
the NICU is associated with high health care
costs”*’* and parental stress.”® Our own institu-
tional policy was to admit these infants selectively;
nonetheless, the admission rate remained high.
Others have observed NICU admission rates of
25% among the offspring of mothers with gesta-
tional DM,” and respective rates of 43% and 70%
among the infants of mothers with White Class B

and Class F/R DM.”® Again, future research is
needed to determine the latest gestational age at
which delivery is safest for both mother and child,
while minimizing the need for NICU admission.
There also remains an urgent need to further define
the effect of maternal obesity on fetal growth and
maturation in the heterogeneous group of women
who share DM in common.
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