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ABSTRACT
Objective To compare birth outcomes of women with 
gestational diabetes mellitus (GDM) with background 
obstetric population, stratified by models of care.
Design Retrospective cohort study.
Setting A tertiary referral centre in Sydney, Australia.
Participants All births 1 January 2018 to 30 November 
2020. Births <24 weeks, multiple gestations and women 
with pre- existing diabetes were excluded.
Methods Data were obtained from electronic medical 
records. Women were classified according to GDM status 
and last clinic attended prior to delivery. Model of care 
included attendance at dedicated GDM obstetric clinics, 
and routine antenatal care.
Main outcome measures Hypertensive disorders of 
pregnancy (HDP), pre- term birth (PTB), induction of labour 
(IOL), operative delivery, small for gestational age (SGA), 
large for gestational age, postpartum haemorrhage, 
obstetric anal sphincter injury (OASIS), neonatal 
hypoglycaemia, neonatal hypothermia, neonatal respiratory 
distress, neonatal intensive care unit (NICU) admission.
Results The GDM rate was 16.3%, with 34.0% of women 
managed in dedicated GDM clinics. Women with GDM had 
higher rates of several adverse outcomes. Only women 
with GDM attending non- dedicated clinics had increased 
odds of HDP (adjusted OR (adj OR) 1.6, 95% CI 1.2 to 
2.0), PTB (adj OR 1.7, 95% CI 1.4 to 2.0), OASIS (adj OR 
1.4, 95% CI 1.0 to 2.0), similar odds of induction (adj OR 
1.0, 95% CI 0.9 to 1.1) compared with non- GDM women. 
There were increased odds of NICU admission (adj OR 1.5, 
95% CI 1.3 to 1.8) similar to women attending high- risk 
GDM clinics.
Conclusions Women with GDM receiving care in 
lower risk clinics had similar or higher rates of adverse 
outcomes. Pathways of care need to be similar in all 
women with GDM.

INTRODUCTION
Gestational diabetes mellitus (GDM) is the 
most common medical complication of 
pregnancy, with a prevalence of approx-
imately 14% among pregnant women in 
Australia.1 The rate of GDM has risen rapidly 
with increases in the population preva-
lence of risk factors associated with GDM, 
including maternal obesity, age and shifting 

sociodemographics.2 In addition, changes in 
diagnostic criteria based on recommenda-
tions from the International Association of 
Diabetes and Pregnancy Study Groups have 
led to a lower threshold for diagnosis.3

Adverse maternal and neonatal outcomes 
are associated with GDM, including but not 
limited to hypertensive disorders of preg-
nancy, preterm delivery, shoulder dystocia, 
caesarean section, birth weight >90th centile 
and neonatal hypoglycaemia.4 The impor-
tance of treatment of women with GDM has 
been established.5 Management is centred 
around monitoring of blood glucose (BG) 
levels, patient education and lifestyle modi-
fication, including monitoring of carbohy-
drate intake and increased physical activity. 
If glucose levels cannot be controlled using 
lifestyle modifications, or the disease is more 
severe, metformin or insulin may be required 
to manage glycaemic control.2 Adverse 
outcomes are not limited to women with 
GDM requiring metformin or insulin. Higher 
rates of adverse outcomes are observed in 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ The study included data from multiple different 
models of care, all of which had high quality, com-
plete and comparable datasets available.

 ⇒ Models were able to adjust for several important 
covariates.

 ⇒ The study population captured women participating 
in a GP- shared care model of antenatal care, results 
therefore account for women receiving antenatal 
care in the community and between community and 
hospital services.

 ⇒ Data were collected from a single obstetric centre in 
Western Sydney, Australia, this may limit the exter-
nal validity of results.

 ⇒ Data were not available on glycaemic control or 
treatment for women on GDM, and thus models 
were not adjusted for the influence of glycaemic 
control on outcomes.
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women with mild GDM6 7 and those with glucose intoler-
ance not classified as GDM.8

The rising prevalence of GDM presents a significant 
service delivery challenge for healthcare systems glob-
ally.9 As a result of increasing requirements on maternity 
services, a 2018 meeting of the Australasian Diabetes in 
Pregnancy Society discussing the models of antenatal care 
for women with GDM found that centres across Austra-
lian and New Zealand have different models of care and 
protocols for women with GDM.10 It was recognised that 
there was limited evidence available on how models of 
antenatal care impact the outcomes of women with GDM. 
In centres with sufficient numbers of women with GDM, 
dedicated GDM clinics can improve access to services 
such as dietetics, endocrinology and specific obstetric 
expertise with an interest in diabetes in pregnancy, as well 
as prompt clinicians to address issues related to GDM.

To assess the impact of models of care on women with 
GDM, a retrospective cohort study was undertaken to 
assess maternal and neonatal outcomes in women with 
GDM between those who were referred to attend dedicated 
GDM clinics, to women with GDM who were managed in 
routine antenatal clinics and lower risk models of care. 
Referral to dedicated clinics occurred throughout preg-
nancy for women with poor glucose control or increasing 
treatment requirements. The outcomes of both groups 
were compared with women without GDM to provide 
context to the findings from the two GDM groups.

MATERIALS AND METHODS
Study design
Westmead Hospital is a tertiary referral service in Western 
Sydney, Australia. Over the study period, there were 
approximately 5360 deliveries per year. A range of models 
of antenatal care are practised at Westmead Hospital 
including midwifery- led care, general practice (GP)- 
obstetric shared care and obstetrician- led care. Specific 
obstetric clinics include two maternal fetal medicine 
(MFM) high- risk pregnancy clinics, and two GDM clinics. 
Of the GDM clinics, one is allocated for highest- risk 
women with higher- insulin requirements or with multiple 
medical or obstetric comorbidities. The GDM clinics 
provide a higher intensity of care with more frequent 
obstetric and endocrine follow- up and ultrasound scans. 
Women do not concurrently attend GDM and MFM 
clinics or routine obstetric clinics.

All women diagnosed with GDM receive dietary advice 
through standardised education pathways and a BG 
metre. Women with GDM requiring insulin therapy or 
with significant additional medical or obstetric comor-
bidities are referred to the dedicated GDM clinics, as 
these women are considered to be at greater risk. The 
decision to commence insulin is primarily based on the 
failure to meet the glucose targets, namely fasting glucose 
<5.5 mmol/L and 2 hours postprandial <7.0 mmol/L. 
Women were classified into four groups depending on 
GDM status and the last antenatal clinic attended prior 

to delivery. The four groups were: (i) women without 
GDM, (ii) women with GDM attending non- dedicated 
GDM clinics, (iii) women with GDM attending dedicated 
clinic 1 and (iv) women with GDM attending dedicated 
clinic 2. ‘Dedicated clinic 2’ refers to the GDM clinic for 
higher risk women with GDM with higher- insulin require-
ments or with multiple medical or obstetric comorbidi-
ties. ‘Dedicated clinic 1’ refers to the other GDM- specific 
clinic. ‘Non- dedicated clinics’ refer to women with a diag-
nosis of GDM who received care through a model outside 
of the dedicated clinics either in obstetric, midwifery or 
general practice (GP) shared care- led antenatal clinics. 
These women do not see an endocrinologist but are 
expected to report their glucose levels back to diabetes 
nurse educators, who may then refer the women to a 
dedicated clinic to start insulin if glucose targets are not 
met.

Processes and outcomes of interest included hyperten-
sive disorders of pregnancy (HDP), induction of labour 
(IOL), operative delivery, preterm birth, small for gesta-
tional age (SGA), large for gestational age (LGA), post-
partum haemorrhage (PPH), obstetric anal sphincter 
injuries (OASIS), neonatal hypoglycaemia, neonatal 
hypothermia, neonatal respiratory distress and admission 
to neonatal intensive care (NICU)/special care nursery 
(SCN). Processes and outcomes were assessed by GDM 
status, and then by clinic last attended prior to delivery.

The study population included all births at Westmead 
Hospital between 1 January 2018 and 30 November 2020. 
Deliveries <24 weeks gestation, multiple pregnancies 
and women with pre- existing diabetes were excluded. 
Routinely collected data were obtained from electronic 
medical records (EMR). Data on clinic attendance for 
all women within the cohort were obtained from the 
hospital administrative database and merged with the 
clinical dataset. Birth weight centiles were calculated 
using Fenton birth weight centiles.11 All data were anony-
mised prior to analysis.

Definitions
Gestational diabetes was diagnosed using the 1998 Austral-
asian Diabetes in Pregnancy Society Criteria in keeping 
with the local guidelines.12 On the basis of a 75 g oral 
glucose tolerance test results of fasting BG ≥5.5 mmol/L, 
or 2 hour BG ≥8.0 mmol/L was diagnostic of GDM. 
Preterm birth was defined as birth at gestational age 
<37 weeks. SGA and LGA were defined as Fenton birth 
weight centiles <10th and >90th centile, respectively,11 
using routinely collected gender, birth weight and gesta-
tional age data. PPH was defined as recorded blood loss 
≥500 mL. HDP included women with a diagnosis of gesta-
tional hypertension or pre- eclampsia. Medical comorbid-
ities included cardiomyopathy, maternal congenital heart 
disease, ischaemic heart disease, asthma, cystic fibrosis, 
tuberculosis, cerebrovascular disease, epilepsy, multiple 
sclerosis, clotting disorders, sickle cell disease and von 
Willebrand disease. Ethnicity was defined by clinical staff 
at the time of initial consultation.



3Harrison J, et al. BMJ Open 2022;12:e065063. doi:10.1136/bmjopen-2022-065063

Open access

Statistical analysis
Descriptive statistics were used to summarise demographic 
and clinical characteristics. Comparison between groups 
were made using χ2, and two- sample t- tests as appropriate. 
Logistic regression was used to assess the relationship 
between models of care and binary outcomes. Multivari-
able models were fitted to assess whether any relationships 
were attenuated after adjustment for other risk factors, 
including maternal age, ethnicity, previous preterm 
pregnancy, parity, hypertension, method of conception, 
body mass index (BMI) and medical comorbidities. The 
models were run with GDM clinics included as a factor 
variable with four levels, one for GDM other, one for each 
of the dedicated clinics and a reference group of women 
without GDM. In both sets of outcomes analysis, a sensi-
tivity analysis was performed, excluding women who were 
managed in high- risk MFM antenatal clinics throughout 
pregnancy.

Birth weight centiles were calculated using Stata V.17.0. 
Analysis was performed using R V.4.1.1 software.

Patient and public involvement
Patients and/or the public were not involved in the 
design, or conduct, or reporting, or dissemination plans 
of this research.

RESULTS
There were 15 636 births in our centre during the study 
period. Women with pre- existing diabetes (n=209), 
multiple pregnancies (n=350) and deliveries <24 weeks 
(n=112) were excluded. Of the remaining pregnancies 
(n=14 965, 95.7%), 16.6% (n=2491) were identified 

as having GDM, and of these women 34.0% (n=847) 
attended dedicated GDM clinics (figure 1).

Women with GDM were more likely to be older, have 
a higher mean BMI and were more likely to be of Asian 
or Indian background (table 1). Multiparous women with 
GDM were more likely to have had a previous preterm 
birth or HDP. They were more likely to have chronic 
hypertension or thyroid disease. The rate of assisted 
reproduction in the GDM group was higher (table 1).

Women in the dedicated clinics had a higher mean age 
and BMI (table 1). Women with previous GDM requiring 
insulin were more likely to attend the dedicated clinics, 
while women with previous diet controlled GDM were 
more likely to attend non- dedicated clinics. Those in the 
dedicated clinics were more likely to have previous HDP.

Rates of outcomes by GDM status are reported in 
table 2 and online supplemental table S1. Compared with 
women without GDM, pregnancies in women with GDM 
were more likely to be complicated by HDP (3.1% vs 5.4; 
adjusted OR (adj OR) 1.5, 95% CI 1.2 to 1.8), have their 
labour induced (37.9% vs 47.9%; adj OR 1.5, 95% CI 
1.3 to 1.7), experience preterm birth <37 weeks (8.0% 
vs 12.0%; adj OR 1.2, 95% CI 1.1 to 1.3) and require an 
instrumental vaginal birth (12.7% vs 15.9%; adj OR 1.3; 
95% CI 1.1 to 1.5) or caesarean section (30.5% vs 42.5%; 
adj OR 1.4, 95% CI 1.3 to 1.5). Neonates born to women 
with GDM were more likely to be LGA (6.5% vs 8.4%; adj 
OR 1.3, 95% CI 1.1 to 1.5), experience neonatal hypo-
glycaemia (1.3% vs 8.0%; adj OR 6.1, 95% CI 4.9 to 7.7), 
neonatal hypothermia (1.3% vs 3.3%; adj OR 2.3, 95% CI 
1.7 to 3.0) and result in NICU/SCN admission (11.0% 
vs 16.7%; adj OR 1.4, 95% CI 1.2 to 1.6) compared with 
neonates born to women without GDM (table 2).

Figure 1 Cases included for analysis. GDM, gestational diabetes mellitus.

https://dx.doi.org/10.1136/bmjopen-2022-065063
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Outcomes stratified by models of care are reported in 
table 3. Increased odds of HDP were isolated to women 
attending the non- dedicated clinics (adj OR 1.6, 95% CI 
1.2 to 2.0). The odds of IOL was similar to the background 
population in women attending the non- dedicated clinics 
(adj OR 1.0, 95% CI 0.9 to 1.1), but was increased in both 
dedicated clinics (dedicated clinic 1 adj OR 1.8, 95% CI 
1.4 to 2.2; dedicated clinic 2 adj OR 1.8, 95% CI 1.5 to 
2.2). There was a similar increase in odds of instrumental 
delivery and caesarean section in all GDM groups. Higher 
odds of preterm birth in women with GDM was isolated 
to the non- dedicated clinics (adj OR 1.7, 95% CI 1.4 to 
2.0). There was evidence for increased odds of OASIS in 
women attending non- dedicated clinics alone (adj OR 
1.4, 95% CI 1.0 to 2.0). Odds of neonatal hypoglycaemia 
showed a dose- response pattern, with women in the dedi-
cated clinic 2 group having the highest OR (adj OR 10.4, 
95% CI 7.5 to 14.3). Higher odds of neonatal hypothermia 
were seen across all groups. Increased odds of neonatal 
respiratory distress were limited to the non- dedicated 
clinics (adj OR 1.2, 95% CI 1.0 to 1.4). Increased odds 
of NICU/SCN admission were seen in both the non- 
dedicated clinics (adj OR 1.5, 95% CI 1.3 to 1.8) and the 
dedicated clinic 2 group (adj OR 1.7, 95% CI 1.3 to 2.2). 
All these associations persisted following removal of the 
two high- risk MFM non- GDM clinics in the sensitivity 
analysis.

DISCUSSION
Main findings
There was evidence for increased risk of a range of adverse 
maternal and neonatal outcomes in women with GDM 
in our population. Stratification by clinic attendance 
revealed adverse outcomes distributed unevenly between 
the groups. Women receiving care in non- dedicated 
clinics alone had similar rates of induction to women 
without GDM, but higher risk of HDP, preterm birth, 
OASIS and rates of NICU/SCN admission similar to dedi-
cated clinic 2. The odds of neonatal hypoglycaemia were 
distributed in a dose- response pattern with highest rates 
among neonates of women in dedicated clinic 2.

Interpretation
Prevalence of gestational diabetes varies widely between 
populations,13 14 and is increasing with advancing 
maternal age, increasing obesity rates and increases in 
the background prevalence of diabetes mellitus,15 as well 
as changes in diagnostic criteria.3 These changes place 
increasing pressure on healthcare systems providing 
antenatal care. There is little evidence available on the 
relationship between models of care and outcomes for 
women with GDM. Current National Institute for Health 
and Care Excellence guidelines for GDM suggest regular 
review in a diabetes- antenatal clinic to facilitate regular BG 
level monitoring and obstetric follow- up.16 A study inves-
tigating Australian antenatal GDM clinics in 2018 showed 
heterogenous models of care across different services, 

using patient education across all the included clinics 
and a variety of combinations of dedicated GDM clinics, 
routine antenatal care and telehealth approaches.10 The 
findings of this study highlight the need to further eval-
uate the impact of models of care in similar healthcare 
settings, given the limited evidence- based guidance in 
this area.

Health services that allocate only a subgroup of women 
with GDM to dedicated clinics imply a greater severity 
of disease requiring more intensive monitoring. Women 
in these clinics are often seen more frequently by both 
obstetric and endocrinology teams and likely have both 
GDM- related and GDM- unrelated issues addressed more 
promptly. Our service adapted a three- tiered system in 
which women with the insulin requirements and more 
complex comorbidities were allocated to dedicated clinic 
2, those with GDM requiring insulin therapy but without 
significant comorbidities or with diet controlled GDM 
with comorbidities attend dedicated clinic 1, and those 
with diet controlled GDM attend non- dedicated clinics.

Our data suggest that, while all women with GDM are 
offered the same basic level of care including dietary 
advice and BG monitoring, the antenatal model is 
an independent factor in determining outcomes for 
women with GDM. Given the model of care offered to 
women in our cohort who are broadly stratified by the 
severity of GDM and complexity of pregnancy, one may 
expect either similar outcomes between women in non- 
dedicated and the background non- GDM population, or 
a dose- respondent pattern of outcomes if health service 
approach is appropriate for all risk profiles of GDM. First, 
women attending the non- dedicated clinics had higher 
rates of most adverse outcomes compared with women 
without GDM and with rates similar to GDM women 
attending dedicated clinics. The assumption of milder 
disease among women attending the non- dedicated 
clinics is not consistent with our findings. This may also be 
due to the differences in the intensity of BG monitoring, 
obstetric surveillance or compliance between models of 
care.

Second, the dose- response relationship with adverse 
outcome was only observed in neonatal hypoglycaemia. 
The isolated nature of increased risk of HDP and preterm 
birth and for women with GDM in non- dedicated 
clinics care suggest that the care provided, in compar-
ison to women in dedicated clinics, is not as effective 
in preventing these adverse events. This constitutes an 
insufficient health service response to, and assumption 
of women otherwise considered at lower risk of GDM- 
related complications.

It is well established that treatment of GDM results 
in improved clinical outcomes. The Australian Carbo-
hydrate Intolerance Study in Pregnant Women Trial in 
2005 confirmed the benefits of treatment for gestation 
diabetes in preventing perinatal morbidity and improving 
health- related quality of life.5 In 2008, the landmark 
Hyperglycaemia and Adverse Pregnancy Outcomes study 
described a continuous relationship between maternal 
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glucose levels and a number of adverse maternal and 
neonatal outcomes.4 Following this, a multicentre 
randomised controlled trial including 958 women with 
mild gestational diabetes confirmed that treatment of 
women with GDM reduced the risks of fetal overgrowth, 
shoulder dystocia, caesarean delivery and HDP.6 For both 
interventional studies, treatment was defined as dietary 
intervention, BG monitoring and insulin therapy as 
required. Subsequent cost- effectiveness analysis of the 
available data showed economic benefit to treating mild 
gestational diabetes.17

Our findings suggest model of care is to be an inde-
pendent factor in determining outcomes for women with 
GDM. Our study found that current methods of stratifying 
women into dedicated or non- dedicated clinics based on 
insulin requirements and medical comorbidities appear 
ineffective, especially for women deemed to have milder 
GDM.

Dedicated care for women with GDM offers special-
ised diabetes and obstetric care, and potentially provide 
greater accountability for lifestyle management and BG 
monitoring, the opportunity to institute treatment at 
an earlier stage than might otherwise occur and higher 
obstetric surveillance such as frequency of antenatal visits 
and ultrasound. By virtue of being in a dedicated diabetes 
clinic, a more rigorous approach to management is likely 
to have been implemented. This is reflected in the rates 
of induction of labour seen in our cohort, which for 
women in non- dedicated clinics was similar to the non- 
GDM population but was increased in women in the dedi-
cated clinics. Although there is limited evidence to guide 
practice in this area,18 this result reflects the differing 
approaches taken towards patient management within 
and outside of the dedicated clinics.

Standardising models of care for all women with GDM 
would be an ideal approach, ensuring that all women 
have similar access to increased frequency of appoint-
ments, screening investigations such as ultrasound and 
early adjustment of treatments such as insulin. This will 
minimise inequity to care and outcomes in women with 
GDM. An evidence- based risk prediction tool at the time 
of diagnosis of GDM and response to initial treatment 
should be developed to inform stratification and esca-
lation of care. Future studies randomising women with 
‘milder forms’ of GDM to dedicated clinics or standard 
of care would serve to further validate our finding, and 
provide potential evidence for challenging the paradigm 
of allocation women with GDM to models of care based 
on perceived risk.

Strengths and limitations
Strengths
The study using contemporaneous data was undertaken 
in a large tertiary referral centre with high volumes of 
obstetric care and established dedicated gestational 
diabetes clinics. All clinics included antenatal care 
provided by obstetricians and midwifery teams within the 
hospital- led and community- led midwifery and GP shared 

models of care, therefore, providing an assessment of 
antenatal care for women with GDM within the commu-
nity through its interface with tertiary services and solely 
tertiary care services. This allowed for adequate sampling 
to assess outcomes of dedicated against standard models 
of care, and between different dedicated models of care. 
Large volumes of data were available, with very little 
missing or poor- quality data. There were identical prac-
tices for data collection and management across all groups 
of the study. As all women were included, there was likely 
limited selection bias introduces, baseline demographics 
of all clinic groups are available for comparison.

Limitations
The study was undertaken with data from a single institu-
tion potentially limiting its external validity. It is however 
informative for local changes and adaptations required 
to improve outcomes in pregnancy in women with GDM 
in our service. Larger population- based studies eval-
uating models of care are limited and attempts at such 
studies must be underpinned by the ability to measure 
confounders at institutional level. All data were routinely 
collected, some data points such as neonatal respiratory 
distress required subjective interpretation from clinical 
staff performing data entry. Routinely collected elec-
tronic data were not available in the maternity informa-
tion system on profiles of glycaemic control and thus this 
could not be adjusted for.

CONCLUSION
GDM is associated with a range of adverse outcomes and 
is increasing in prevalence worldwide. Results of this study 
suggest that the antenatal model of care has an indepen-
dent relationship with adverse outcomes for women with 
GDM in Western Sydney. Pathways of care need to be 
similar in all women with GDM, development and imple-
mentation of an evidence- based system for stratifying risk 
would be of benefit.
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