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Contemporary type 1 diabetes pregnancy
outcomes: impact of obesity and
glycaemic control
Sally K Abell1,2, Jacqueline A Boyle1,3, Barbora de Courten1,2, Michelle Knight3, Sanjeeva Ranasinha1, John Regan3,
Georgia Soldatos1,2, Euan M Wallace3,4, Sophia Zoungas1,2, Helena J Teede1,2
Abstract

Objective: To compare contemporary pregnancy outcomes in
women with and without type 1 diabetes, and to examine the
The known Type 1 diabetes in pregnant women is associated
with complications for both mother and baby. Optimal
effects of obesity and glycaemic control on these outcomes.

Design and setting: Historical cohort study in a specialist
diabetes and maternity network in Victoria.

Participants: All singleton births (at least 20 weeks’ gestation),
2010e2013, were analysed: 107 pregnancies to women with type
1 diabetes and 27075 pregnancies to women without diabetes.
Women with type 2 diabetes or gestational diabetes were
excluded.

Methods: Data were extracted from the Birthing Outcomes
System database; associations between type 1 diabetes and
pregnancy outcomes were analysed by multivariable regression.

Main outcome measures: Mode of birth; maternal and
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glycaemic control reduces the likelihood of these adverse
outcomes.

The new The mean body mass index of Australian women
with type 1 diabetes is greater than that of women without
diabetes. Even with multidisciplinary specialist care and good
glycaemic control, their likelihood of adverse outcomes was
greater than for women without diabetes because of this
additional risk factor.

The implications Pre-conception care is important, but
optimising glycaemic control is not sufficient to prevent
complications associated with type 1 diabetes during
pregnancy. Preventing obesity in childbearing women with
type 1 diabetes requires greater attention.
neonatal outcomes.

Results: The mean body mass index was higher for women with
type 1 diabetes than for women without diabetes (mean,
27.3 kg/m2 [SD, 5.0] v 25.7 kg/m2 [SD, 5.9]; P¼0.01); the median
gestation period for their babies was shorter (median,
37.3 weeks [IQR, 34.6e38.1] v 39.4 weeks [IQR, 38.4e40.4];
ype 1 diabetes accounts for 5e10% of diabetes diagnoses,

and is a well recognised and important risk factor for a
 P<0.001) and they were more likely to be large for gestational
age (LGA) (adjusted odds ratio [aOR], 7.9; 95% CI, 5.3e11.8).
Women with type 1 diabetes were more likely to have had labour
induced (aOR, 3.0; 95% CI, 2.0e4.5), a caesarean delivery
(aOR, 4.6; 95% CI, 3.1e7.0), or a pre-term birth (aOR, 6.7;
95% CI, 4.5e10.0); their babies were more likely to have
shoulder dystocia (aOR, 8.2; 95% CI, 3.6e18.7), hypoglycaemia
(aOR, 10.3; 95% CI, 6.8e15.6), jaundice (aOR, 5.1; 95% CI,
3.3e7.7), respiratory distress (aOR, 2.5; 95% CI, 1.4e4.4) or to
suffer perinatal death (aOR, 4.3; 95% CI, 1.9e9.9). In women
with type 1 diabetes, greater obesity was associated with
increased odds for an LGA baby or congenital malformation, and
increased HbA1c levels were associated with pre-term birth and
perinatal death.

Conclusion: Women with type 1 diabetes, even when
managed in a specialist setting, still experience adverse obstetric
and neonatal outcomes. Poor glycaemic control is not wholly
responsible for adverse outcomes, reinforcing the importance of
other risk factors, such as obesity and weight gain.
T number of complications during pregnancy.1 Women
with type 1 diabetes have a higher risk of miscarriage, hyper-
tensive complications and obstetric interventions, and their
babies have an increased risk of congenital malformations, still-
birth, macrosomia and birth trauma.2

In 1989, the St Vincent Declaration set a 5-year goal of improving
pregnancy outcomes for women with type 1 diabetes so that they
approximated those of women without diabetes.3 Although the
Diabetes Control and Complications Trial showed that improve-
ments are possible,4 they have not been seen in observational
studies.5,6

There are many gaps in the published literature about pregnancy
outcomes for women with type 1 diabetes and their babies. Some
studies have not distinguished the risks associated with type 1
and type 2 diabetes,7,8 others have used less informative
composite outcomes7-9 or have not accounted for important
confounders, such as maternal age, obesity and glycaemic con-
trol.5,10-12 The interaction between the effects of type 1 diabetes,
glycaemic control and bodymass index during pregnancy are not
well understood, and there are no Australian data on this ques-
tion. We accordingly aimed to compare contemporary adverse
pregnancy outcomes in women with or without type 1 diabetes
who were managed in a specialist maternity centre with optimal
health care. Further, we explored the influence of obesity and
glycaemic control on pregnancy outcomes in women with type 1
diabetes.
onash Centre for Health Research and Implementation, Monash University, Melbou
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Methods

Study design and population
This historical cohort study included all singleton births of at least
20 weeks’ gestation at Monash Health, including Clayton,
Dandenong and Casey hospitals. Monash Health is one of
rne, VIC. 2Diabetes and Vascular Medicine Unit, Monash Health, Melbourne, V
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Australia’s largest public maternity networks (7500 births each
year), providingquaternarycare facilities andspecialisedendocrine,
diabetes nurse educator, obstetric,midwifery andneonatal services.

Data were obtained from the Birthing Outcomes System (BOS)
database for the period 1 January 2010 e 31 December 2013. Data
were collated prospectively by midwives from the first antenatal
visit until delivery and discharge. The database contains routinely
recorded standardised pregnancy andneonatal health information
collected for statutorydata reporting, includingdemographic data,
medical history, and information about antenatal care and
complications.

More than 80% of women with type 1 diabetes attended pre-
conception care, half of whom attended a pre-conception and
early pregnancy clinic at our service. From 12 weeks’ gestation, all
attended a specialised multidisciplinary diabetes and maternity
service. Care for women without diabetes was provided by mid-
wives and obstetric staff at general antenatal clinics. Following
delivery, babies were admitted to the special care nursery if they
needed specialised care and observation; this is routine for babies
of women with type 1 diabetes. Babies were admitted to the
neonatal intensive care unit (NICU) only if they had potentially
life-threatening conditions.

Antenatal characteristics and maternal and neonatal outcomes for
mothers with type 1 diabetes and women with normal glucose
tolerance were compared. Women with type 2 diabetes and
gestational diabetes mellitus (GDM) were excluded. All women
were screened for GDM at 24e28 weeks’ gestation with a 75 g oral
glucose tolerance test; GDM was diagnosed if the fasting blood
glucose concentrationwas 5.5mmol/L ormore, or the 2-hour level
was 8.0mmol/L or more. Women with risk factors were screened
early for GDM and unrecognised diabetes. “Pre-existing diabetes”
was recorded if reported by thewomanandvalidatedby a clinician
reviewing individual medical records for type of diabetes, treat-
ment, and the presence of microvascular complications. Glycated
haemoglobin (HbA1c) levels were measured at booking and every
4e6weeks thereafter by high performance liquid chromatography
(HA-8160 Automatic Glycohemoglobin Analyzer, Arkray Adams;
coefficient of variation, 1.4%).
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Outcomes
The primary outcomes were large for gestational age (LGA; > 90th
percentile) and small for gestational age babies (SGA; < 10th
percentile), with weights adjusted for gestational age and sex
according to Australian birthweight percentiles.13 Secondary
maternal outcomes were induction of labour (IOL), caesarean
delivery, pre-term birth (< 37 weeks’ gestation), gestational
hypertension (new onset hypertension from 20 weeks’ gestation,
with blood pressure � 140/90mmHg) and pre-eclampsia
(hypertension with proteinuria > 300mg/24 hours, spot urine
protein:creatinine ratio � 0.03 g/mmol, or renal, hepatic, neuro-
logical or haematological involvement). Secondary neonatal
outcomes were admission to an NICU, hypoglycaemia (blood
glucose level < 2.6mmol/L), jaundice requiring phototherapy, and
respiratory distress syndrome. Shoulder dystocia and Apgar
scores below 7 at 5 minutes were reported for vaginal deliveries.
Major congenital malformations and perinatal death (stillbirths at
20weeks’ gestation or later, and neonatal deaths up to 28 days post
partum or while the mother was an inpatient) were reported.
163
Statistical analyses
Maternal characteristics are reported for the two groups of women
as descriptive statistics. Categorical data were compared using
Pearson c2 or Fisher exact tests; continuous data were compared
using Student t tests or ManneWhitney U tests as appropriate.
Multivariable logistic regression analysis generated crude and
adjusted odds ratios (ORs, aORs respectively) and 95% confidence
intervals (CIs) for each outcome for women with type 1 diabetes
(reference category: women without diabetes). Covariates that
were clinically or statistically significant (P< 0.1) in the univariable
analysis were included in multivariable models. Area under the
curve and the likelihood ratio test were used to determine themost
parsimonious multivariable models. Potential confounders ana-
lysed included maternal age, body mass index (BMI) at the first
antenatal visit, region of birth, parity, smoking status, and
gestational age. We accounted for repeated measurements in an
individual by adjusting analyses for clustering. A subanalysis of
data for women with type 1 diabetes assessed the effect of
obesity and glycaemic control. P<0.05 (two-sided) was deemed
statistically significant. Analyses were performed in Stata 12
(StataCorp).

Ethics approval
The study was approved by the Monash Health Human Research
Ethics Committee (reference, 14001Q, 2013).

Results

Maternal and neonatal health characteristics
Outcomes for 107 pregnancies in 94 women with type 1 diabetes
and 27 075 pregnancies in 21 370 women without diabetes were
analysed. The mean BMI was higher for women with type 1
diabetes than for women without diabetes (P¼ 0.01) (Box 1);
66% were overweight or obese, compared with 45% of women
without diabetes (data not shown). Women with type 1 diabetes
were more likely to have been born in Australia (P< 0.001), but
there were no significant differences in age, parity or smoking
status. A greater proportion of babies born to women with type 1
diabetes were girls (65% v 49%; P¼ 0.002) and the mean gestation
time was about 2 weeks shorter (37.3 v 39.4 weeks; P< 0.001), but
there was no significant difference in mean birthweight (Box 1).

Primary and secondary outcomes
The odds for women with type 1 diabetes giving birth to LGA
babies was higher than for women without diabetes, after adjust-
ment for BMI and other confounders (adjusted OR [aOR], 7.9;
95%CI, 5.3e11.8). Therewas no difference in the likelihood of SGA
births.Womenwith type 1 diabetes had a greater likelihood of IOL
(aOR, 3.0; 95% CI, 2.0e4.5) and caesarean delivery (aOR, 4.6;
95%CI, 3.1e7.0) than thosewithout diabetes (Box 2). Among those
who gave birth to LGA babies, the proportion of womenwith type
1 diabetes who had caesarean deliveries was greater than for
women without diabetes (62% v 35%; aOR, 3.0; 95% CI, 1.6e5.4); a
significant difference was also found for womenwho gave birth to
non-LGA babies (62% v 26%; aOR, 5.1; 95% CI, 2.9e8.9) (data not
shown).Womenwith type 1 diabetes had a higher rate of pre-term
births (aOR, 6.7; 95%CI, 4.5e10.0) (Box 2), aswell as a higher rate of
pre-term caesarean deliveries (39% v 11%; aOR, 4.7; 95% CI,
2.8e7.9) (data not shown)but not ofpre-term IOL (20% v 11%; aOR,
1.9; 95% CI, 0.9e4.0). There was no significant difference in
maternal hypertensive complications.

Babies of women with type 1 diabetes were more likely than those
of women without diabetes to be admitted to an NICU (aOR, 3.4;
95% CI, 1.8e6.4), and to have hypoglycaemia (aOR, 10.3; 95% CI,
6.8e15.6), jaundice (aOR, 5.1; 95%CI, 3.3e7.7), respiratory distress



1 Demographic and health characteristics of mothers with and without
type 1 diabetes, and health characteristics of their neonates

Women with type 1
diabetes

Women without
diabetes P

Number 107 27 075

Maternal age (years), mean (SD) 29.3 (5.3) 29.4 (5.4) 0.76

Maternal body mass index (kg/m2)
at booking visit, mean (SD)

27.3 (5.0) 25.7 (5.9) 0.01

Country of birth

Australia or New Zealand 95 (89%) 12 806 (47.3%) < 0.001

Europe or Americas 8 (7%) 1850 (6.8%) 0.79

Africa 2 (2%) 1798 (6.6%) 0.05

Asia 2 (2%) 10 620 (39.2%) < 0.001

Parity 0.40

Primiparous 51 (48%) 11 805 (43.6%)

Parous 56 (52%) 15 269 (56.4%)

Smoker 24 (22%) 4703 (17.4%) 0.20

Neonate sex 0.002

Boy 37 (35%) 13 896 (51.3%)

Girl 70 (65%) 13 156 (48.6%)

Gestation at birth (weeks),
median (IQR)

37.3
(34.6e38.1)

39.4
(38.4e40.4)

< 0.001

Birth weight (g), mean (SD) 3230 (997) 3305 (649) 0.26

2 Maternal and neonatal adverse outcomes for women with and without t

Women with type 1 diabetes Women w

Number 107

Large for gestational age baby 47 (44%) 20

Small for gestational age baby 7 (7%) 396

Induction of labour 51 (48%) 573

Caesarean delivery 66 (62%) 711

Pre-term birth 42 (39%) 21

Gestational hypertension 2 (2%) 52

Pre-eclampsia 5 (5%) 64

Neonatal intensive care unit admission 11 (11%) 72

Hypoglycaemia 41 (38%) 10

Jaundice requiring phototherapy 40 (37%) 173

Respiratory distress requiring resuscitation 16 (15%) 10

Shoulder dystocia†† 7 of 41 (17%) 498 of

Apgar score under 7 at 5min†† 7 of 40 (17%) 577 of

Congenital malformation 4 (4%) 99

Perinatal death 7 (7%) 39

Perinatal death, excluding congenital
malformation

7 (7%) 30

All outcomes adjusted for age and body mass index. Additional adjustments: * adjusted for parity, smo
status and country of birth; ‡adjusted for parity and pre-eclampsia; xadjusted for parity; {adjusted for sm
for vaginal delivery only. u
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(aOR, 2.5; 95% CI, 1.4e4.4) or shoulder dystocia (aOR,
8.2; 95% CI, 3.6e18.7) (Box 2). While there was no dif-
ference in the odds of NICU admission for pre-term
babies of women with and without type 1 diabetes
(aOR, 0.64; 95%CI, 0.29e1.42), theywerehigher for term
babies of womenwith type 1 diabetes (aOR, 4.3; 95%CI,
1.3e13.8) (data not shown). There was an interaction
between type 1 diabetes and gestation time for the
likelihood of hypoglycaemia: the odds were higher for
term babies of women with type 1 diabetes (aOR, 22;
95%CI, 13e37) than for pre-term babies of womenwith
type 1 diabetes (aOR, 2.9; 95% CI, 1.5e5.3) (data not
shown). The odds of anApgar score under 7 at 5minutes
was not significantly different in the two groups after
adjustment for gestation time (Box 2).

There was no difference in the likelihood of congenital
malformations, but that of perinatal death was higher
for babies of mothers with type 1 diabetes, after adjust-
ment for congenital malformations (aOR, 5.5; 95% CI,
2.4e12.8) (Box 2). There were five stillbirths (5 per 100
live births) to women with type 1 diabetes (three ter-
minations because of malformations, two intra-uterine
deaths at 34 and 37 weeks) and two neonatal deaths (2
per 100 live births: one termination, one instance of lung
disease in an extremely premature baby). Among
women without diabetes, there were 284 stillbirths
(1 per 100 live births) and 110 neonatal deaths (0.4 per
100 live births); of these babies, 53 and 34 respectively
had malformations.
ype 1 diabetes

ithout diabetes

Odds ratio (95% CI)
Reference category: women

without diabetes

Crude odds ratio Adjusted odds ratio

27 075

87 (7.7%) 9.4 (6.4e13.8) 7.9 (5.3e11.8)*

4 (14.7%) 0.41 (0.19e0.88) 0.52 (0.24e1.12)†

8 (21.2%) 3.4 (2.3e5.0) 3.0 (2.0e4.5)‡

6 (26.3%) 4.5 (3.1e6.7) 4.6 (3.1e7.0)‡

86 (8.1%) 7.4 (5.0e10.9) 6.7 (4.5e10.0)†

7 (2.0%) 0.96 (0.24e3.9) 0.86 (0.21e3.5)§

5 (2.4%) 2.0 (0.8e5.0) 1.8 (0.7e4.5)§

7 (2.7%) 4.3 (2.3e8.1) 3.4 (1.8e6.4){

74 (4.0%) 15.0 (10.1e22.3) 10.3 (6.8e15.6)**

7 (6.4%) 8.7 (5.9e12.9) 5.1 (3.3e7.7)

39 (3.8%) 4.4 (2.6e7.5) 2.5 (1.4e4.4)

19 958 (2.5%) 8.1 (3.5e18.2) 8.2 (3.6e18.7)

19 887 (2.9%) 7.1 (3.1e16.1) 2.7 (0.90e8.1)**

6 (3.7%) 1.02 (0.4e2.8) 1.05 (0.39e2.9)

4 (1.5%) 4.7 (2.2e10.3) 4.3 (1.9e9.9)

7 (1.2%) 6.1 (2.8e13.3) 5.5 (2.4e12.8)

king status and country of birth; †adjusted for pre-eclampsia, smoking
oking status and country of birth; **adjusted for gestation. ††Reported



3 Association between maternal body mass index and pregnancy
outcomes for 107 women with type 1 diabetes

Women with
type 1

diabetes

Odds ratio (95% CI)

Crude
odds ratio

Adjusted
odds ratio

Body mass index as continuous variable (per 1 kg/m2 difference in body
mass index)

Large for gestational age baby 47 (44%) 1.06 (0.98e1.14) 1.08 (0.98e1.18)*

Small for gestational age baby 7 (8%) 1.07 (0.93e1.24) 1.06 (0.91e1.22)

Induction of labour 51 (48%) 0.98 (0.91e1.06) 0.99 (0.91e1.07)†

Caesarean delivery 66 (62%) 1.03 (0.95e1.12) 1.03 (0.94e1.12)†

Pre-term birth 42 (39%) 0.98 (0.91e1.06) 0.99 (0.90e1.09)‡

Hypertensive complications†† 7 (7%) 1.08 (0.93e1.25) 1.07 (0.93e1.24)

Hypoglycaemia 41 (38%) 1.03 (0.95e1.11) 1.03 (0.92e1.14)§

Jaundice 40 (37%) 1.01 (0.94e1.10) 0.99 (0.88e1.10)§

Shoulder dystocia‡‡ 7 (17%) 1.07 (0.92e1.24) 1.10 (0.93e1.29){

Congenital malformation 4 (4%) 1.22 (1.01e1.48) 1.51 (1.03e2.23)**

Perinatal death 7 (7%) 0.77 (0.61e0.98) 0.91 (0.70e1.17)*

Body mass index as categorical variable

Large for gestational age baby (n¼47)

Normal weight
(<25.0 kg/m2)

13 (28%) 1.00 1.00

Overweight
(25.0e29.9 kg/m2)

18 (38%) 1.5 (0.6e3.6) 2.7 (0.77e9.2)

Obese (�30.0 kg/m2) 16 (34%) 2.2 (0.8e5.9) 3.7 (1.02e13.2)

All variables adjusted for age. Additional adjustments: * adjusted for mean HbA1c level; †adjusted
for parity and smoking status; ‡adjusted for mean HbA1c level and pre-eclampsia; xadjusted for
third trimester HbA1c level; {adjusted for gestation; ** adjusted for first trimester HbA1c level.
††Pre-eclampsia and gestational hypertension. ‡‡Reported for vaginal delivery only. u
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Subgroup analysis for women with type 1 diabetes
The mean HbA1c level of women with type 1 diabetes during
pregnancy was 53mmol/mol (SD, 13). The median levels were
61mmol/mol during the first, 52mmol/mol during the second,
and 51mmol/mol during the third trimester. Nephropathy was
documented in 14 women (15%) and retinopathy in 19 (20%), but
microvascular complications were not associated with adverse
outcomes.When analysed as a continuous variable, increased BMI
was associated with increased odds of congenital malformations
after adjustment for age and first trimester HbA1c levels (aOR
[for kg/m2 difference in BMI], 1.5; 95% CI, 1.03e2.2). It was not
associated with an increased likelihood of the primary outcomes,
LGA and SGA babies, nor with increased odds for the secondary
outcomes. When BMI was analysed as a categorical variable,
however, obese women with type 1 diabetes were more likely to
give birth to LGA babies than normal weight women, after
adjustment for age and first trimester HbA1c levels (aOR, 3.7;
95% CI, 1.02e13.2) (Box 3).

A one percentage point increase in mean HbA1c level during
pregnancy was associated with increased odds of pre-term birth
(aOR, 1.9; 95% CI, 1.1e3.0) and perinatal death (aOR, 5.1; 95% CI,
1.5e17.5), but not with other adverse outcomes. Women with a
mean HbA1c level of 64mmol/mol or more were less likely to give
birth to LGA babies than those with levels below 53mmol/mol
(aOR, 0.20; 95% CI, 0.05e0.80) (Box 4). Pre-eclampsia and
nephropathy were not associated with a change in the
odds for LGA births (data not shown). Each one per-
centage point increase in first trimester HbA1c level was
associated with an increasing likelihood of pre-term
birth (aOR, 2.5; 95% CI, 1.4e4.3) and perinatal death
(aOR, 4.5; 95%CI, 1.1e18.4) and a reduced likelihood of
an LGA baby (aOR, 0.62; 95% CI, 0.40e0.97) (Box 4).
Second and third trimester HbA1c levels were not
correlated with adverse outcomes (data not shown).
Discussion

We compared pregnancy outcomes for women with
type 1 diabetes with those for women without diabetes
in a large study in a quaternary public health care
setting.MeanBMIwas greater and themeanduration of
gestation shorter for women with type 1 diabetes than
for women without diabetes; the likelihood of IOL was
three times, of caesarean delivery five times, and of pre-
term birth seven times that forwomenwithout diabetes.
The odds of babies of womenwith type 1 diabetes being
admitted to anNICUwere three times those of neonates
with mothers without diabetes; the odds of their being
LGA and having hypoglycaemia, jaundice, respiratory
distress, shoulder dystocia or perinatal death were also
increased. In women with type 1 diabetes, obesity was
associated with an increased likelihood of macrosomia
and congenital malformations in their babies. Higher
HbA1c levels were associated with an increasing likeli-
hood of pre-termbirth and perinatal death, and reduced
odds of an LGA birth.

Obstetric decisions about the mode of birth are largely
driven by hospital protocol. We observed high rates of
IOL and caesarean deliveries amongwomenwith type 1
diabetes, comparable with those reported in the United
Kingdom14 andNewZealand,15 but higher than those in
Nordic countries,10,12 where the reported mean BMI of
women was lower. The difference in the proportions of
pre-term births to women with and without type 1
diabetes (39% v 8%) was greater than reported in a recent sys-
tematic review (25% v 6%).6 While similar rates were reported in
Denmark (41.7% v 6%),5 a much lower rate among women with
type 1 diabetes was reported in Sweden (21% v 5%).12 Further,
women in our study who gave birth before term were more likely
to require a caesarean delivery. These differences may reflect the
higher risk status of our cohort, given its higher proportion of
overweight women, as the hospital protocol recommends earlier
delivery for women at risk of adverse outcomes.

Neonatal outcomes were less than optimal for babies of women
with type 1 diabetes.We found the likelihood of an LGAbabywas
eight times that for women without diabetes, and that it was in-
dependent of obesity, confirming thefindings of an earlier study.12

Excess gestational weight gain16 and dyslipidaemia17 were asso-
ciatedwith increased odds of givingbirth to anLGAchild, and this
requires further study. Increased rates of hypoglycaemia, jaun-
dice, respiratory distress and shoulder dystocia have similarly
been associatedwith LGAbirths tomotherswith type 1diabetes.18

The odds of babies of womenwith type 1 diabetes being admitted
to an NICU were three times those of other neonates; this com-
pares favourably with the greater than 5-fold likelihood of
admission reported by other Australian investigators,8 and may
be related to our policy of routine special care nursery observation
of such babies. LGA births and related adverse outcomes remain



4 Association between maternal HbA1c levels across gestation and
pregnancy outcomes for 107 women with type 1 diabetes

Women
with type
1 diabetes

Odds ratio (95% CI)

Crude odds
ratio

Adjusted odds
ratio

HbA1c level as continuous variable

Large for gestational age baby 47 (44%) 0.75 (0.51e1.1) 0.74 (0.48e1.1)

Small for gestational age baby 7 (8%) 0.99 (0.47e2.1) 1.1 (0.49e2.5)

Induction of labour 51 (48%) 0.93 (0.65e1.3) 0.93 (0.61e1.4)*

Caesarean delivery 66 (62%) 0.97 (0.67e1.4) 1.1 (0.76e1.7)†

Pre-term birth 42 (39%) 2.0 (1.3e3.2) 1.9 (1.1e3.0)†

Hypertensive complications§ 7 (7%) 0.70 (0.28e1.7) 0.72 (0.27e1.9)

Hypoglycaemia 41 (38%) 0.94 (0.65e1.4) 0.93 (0.63e1.4)

Jaundice 40 (37%) 1.06 (0.74e1.5) 0.69 (0.41e1.2)‡

Shoulder dystocia{ 7 (17%) 1.01 (0.54e1.9) 1.5 (0.52e4.1)‡

Congenital malformation 4 (4%) 1.3 (0.64e2.7) 2.0 (0.60e6.8)‡

Perinatal death 7 (7%) 3.8 (1.4e10.3) 5.1 (1.5e17.5)

First trimester HbA1c level as continuous variable
(per one percentage point difference in HbA1c level)

Large for gestational age baby 47 (44%) 0.61 (0.41e0.93) 0.62 (0.40e0.97)

Pre-term birth 42 (39%) 2.3 (1.4e3.8) 2.5 (1.4e4.3)

Perinatal death 7 (7%) 2.5 (1.2e5.1) 4.5 (1.1e18.4)

HbA1c level as categorical variable

Large for gestational age baby (n¼47)

<53mmol/L 23 (52%) 1 1

53e63mmol/L 18 (41%) 1.3 (0.51e3.1) 1.05 (0.41e2.7)

�64mmol/L 2 (7%) 0.20 (0.05e0.76) 0.20 (0.05e0.80)

All variables adjusted for age and bodymass index. Additional adjustments: * adjusted for smoking
status; †adjusted for parity; ‡adjusted for gestation. xPre-eclampsia and gestational hypertension.
{Reported for vaginal delivery only. u
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problems despite the modern management of pregnant women
with type 1 diabetes, highlighting the importance of active
monitoring.

The harmful effects of obesity in the general obstetric population
are recognised. Scandinavian research identified that type 1 dia-
betes and obesity are synergistic risk factors for maternal and
neonatal complications, with diabetes the stronger risk factor.11

The study found increased rates of congenital malformation in
obesewomenwith type 1diabetes, but the authors did not examine
glycaemic control.11 We found that maternal obesity in women
with type 1 diabetes, after adjustment for glycaemic control, was
associated with a nearly 4-fold likelihood of LGA births; further,
each 1 kg/m2 increase inBMIwas associatedwith a 50% increase in
the likelihood of congenitalmalformations after adjustment for age
and first trimester HbA1c levels. Optimal reproductive health
therefore requires strategies for assisting women with type 1 dia-
betes to avoid excess weight prior to conception.

Type 1 diabetes is associated with an increased risk of congenital
malformations and perinatal death, which may result from poor
glycaemic control during conception and the first trimester
of pregnancy.6,9 A systematic review reported a 2-fold risk of
congenital malformations and an approximately 4-fold risk of
perinatal death in women with type 1 diabetes compared with
women without diabetes.6 We similarly found that the
odds of perinatal death for babies of womenwith type 1
diabetes were four times those of other neonates, but
there were no differences in the rates of congenital
malformations. Thewomen in our study had reasonable
glycaemic control, and elevatedHbA1c levels during the
entire pregnancy and during the first trimester were
associated with an increased incidence of perinatal
death, but HbA1c levels were not predictive of congen-
ital malformations after 20 weeks’ gestation. Compari-
sons with existing literature are difficult because of the
differing periods during which congenital malforma-
tions were monitored.

The association between glycaemic control and other
neonatalmorbidity is less evident.A retrospective study
of women with pre-existing diabetes found no associa-
tion between first trimester HbA1c levels and adverse
maternal or fetal outcomes.7 More recently, a prospec-
tive trial of womenwith type 1 diabetes in the UK found
that HbA1c levels of 42e46mmol/mol at 26 weeks’
gestation were associated with LGA births, and HbA1c

levels of 48e52mmol/mol were associated with pre-
term birth, pre-eclampsia and a need for neonatal
glucose infusion.19 In our cohort, therewas a continuous
relationship between glycaemic control throughout
gestation and during thefirst trimester with rates of pre-
term birth and perinatal death, underscoring the
importance of optimal pre-conception and early ante-
natal glycaemic control.

Higher first trimester HbA1c levels were also associated
with a reduced likelihood of an LGA birth. This is
possibly related to closer monitoring of and earlier
intervention in women with poor glycaemic control.
Third trimester HbA1c levels were not linked with
neonatal hypoglycaemia, jaundice or respiratory
distress in our diabetes group. It is notable that another
study found no relationship between HbA1c levels
during pregnancy and neonatal hypoglycaemia or
macrosomia, although maternal glucose levels during
labour were negatively correlated with those of the neonate.20 We
recommend intensifiedmanagement in order to optimisematernal
HbA1c levels, but acknowledge the limitations of this approach
during pregnancy.1 Glucose level variability may be more infor-
mative when making decisions, especially later in gestation, and
this question should be investigated further.

Limitations to our study include the absence of data on pre-
conception glycaemic control, diabetes duration, and gestational
weight gain. As we only analysed births from 20 weeks’ gestation,
we may have under-represented the proportion of pregnancies
with congenital malformations that did not continue beyond
20 weeks. Odds estimates are less precise for some of the rarer
outcomes, and we cannot exclude an unrecognised type 2 error.
The non-matched study designmay have reduced the efficiency of
the study and our ability to control for known confounders.
Further, the large number of women in the non-diabetes group
may have led to deflation of P values; that is, the statistical signif-
icance of between-group differences may have been exaggerated
by the disparate sizes of the two groups. Strengths of our study
include the fact that the large number of participants enabled us to
address key gaps in our knowledge, with a broad range of stand-
ardised outcomes. Attention to confounders such as obesity and
glycaemic control, unlike many previous investigations, improves
the generalisability of our results.



Research
Conclusion
We have addressed gaps in the literature by investigating a
contemporary cohort of women with type 1 diabetes receiving
multidisciplinary care, taking both BMI and glycaemic control
into consideration. We found that type 1 diabetes in pregnant
women, including those with reasonable glycaemic control, was
associated with an increased likelihood of adverse obstetric and
neonatal outcomes even when optimally managed in a quater-
nary setting. Increased HbA1c levels, even after correcting for
maternal BMI, do not fully account for the increased frequency of
adverse outcomes for women with type 1 diabetes. The higher
BMI of pregnant womenwith type 1 diabeteswas associatedwith
a higher incidence of LGA births, independent of glycaemic
control, highlighting the importance of controlling both weight
and hyperglycaemia in these women. Further research could
provide insights into how best to optimise pre-conception and
antenatal care for women with type 1 diabetes in order to mini-
mise the associated risks.
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