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Abstract:

Background:..Pre-existing diabetes in pregnancy is assoowith an increased risk of
complications. Likewise, living in rural, regional and remdletoria, Australia is also
associated“with“poorer health outcomes. There is a gap ketature with regards to
whether Victorian women with pre-existing diabetes expegiea greater risk of adverse

pregnancy outcomes compared to their metropolitan counterparts

Aim: Our objective is to compare obstetric and perinataloouts for women with pre-

existing 'diabetes’ delivering in rural versus metropoltasplals in Victoria, Australia.

Materials and Methods: Retrospective population-based stimty resutinely collected state-
based data ofsingleton births to women with type 1 and type 2 dialbtedelivered in
metropolitan (n=3,233) and rural hospitals (n = 693) in Victoria, Alisstbetween 2006
2015. Pearson's=chiuare test, Fisher’s exact test and Mann-Whitney U test were used to

comparesebstetric and perinatal outcomes between metropdtithrural locations.

Results: Delivery in a rural hospital was associatetl gher rates of stilbirth (2.3% vs
1.1%, p=0.027), macrosomia (25.9%16.9%, p<0.001), shoulder dystocia (8.4% vs 3.5%,
p<0.001) and_admission to the neonatal intensive care unélbpEre nursery (73.2% vs
59.3%, p<0.001). Smoking (18.0% vs 8.9%, p<0.001), overweight/obesity (p=0.047) and

socioeconomic disadvantage (p<0.001) were more common in rural women.

Conclusions: Women with pre-existing diabetes who delwenural hospitals experience a

greater risk of adverse perinatal outcomes and preseninaittased maternal risk factors.
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These results suggest a need to improve care for womerpreitexisting diabetes in rural

Victoria.

Introduction

In 1989, the St-Vincent’s Declaration established international targets for the health of people
iving with. diabetes, including a five year goal to achi@guivalent pregnancy outcomes for
women with=and without diabetésHowever, almost 30 years later, pre-existing diabetes
continues to beassociated with an increased frequency efrizband perinatal

complicatioid™:

In the Australian obstetric population there is a dispamitynaternal and perinatal health
between rural and metropoltan setth§¥vVomen living in rural and remote communities
face a greater risk of maternal death, and their babiepraplistionate risk of neonatal
death, which in part reflects the increased proportion ajéndius mothefs’. It is not

known whether a rural-metropolitan divide is present for womigh pre-existing diabetes in
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Victoria. Our aim was to compare metropolitan and rural celarivomen with type 1 and
type 2 diabetes in pregnancy delivering in Victoria, AustrallVe hypothesised that women
delvering in rural hospitals have an increased burdemroplications and maternal risk

factors.

Materials and-Methods
Study design, data source and study population

This is a retrospective population-based cohort study. De-iddntifata of every birth in
Victoria between 2006 and 2015 were accessed from the Victoriamat®eData Collection
(VPDC). The/VPDC routinely collects information on aliths on behalf of the Consultative
Council on Obstetric and Paediatric Mortality and Morbidity (CCOPMM). All births of > 20
weeks’ gestationgor with a birthweight of > 400 grams if gestation is unknown, in Victoria

are notified/to the VPDC and data entry is completed hettamidwives. Obstetric
diagnoses, “such as pre-eclampsia, were defined by the busites of the VPDE Al
hospitals withi greater than 100 births annually wereded as defined by the VPDC.

Singletonbirths=to women with pre-existing diabetes wetladed. Pre-existing diabetes
was defined as-either type 1 diabetes or type 2 diabetes diagnasetb pregnancy. These
births were“identified using ICD-10AM codes corresponding to yd@abetes (0240), type
2 diabetes (02419) or unclassified pre-existing diabetes (0243 Mutirths, women with
gestational “diabetes (GDM) and terminations of pregnavese excluded. Data entries were
also excluded if the women had been categorised as havihgpteeexisting diabetes and
GDM.

Ethics

Ethics apprevalwas granted by the Mercy Health Humasedeh Ethics Committee
(R16/56).

Maternal characteristics
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Maternal characteristics included diabetes status, ags, fpeevious caesarean section
(C/S), body mass index (BMI), country of birth, smoking statuthe beginning of
pregnancy and socioeconomic status (SES). BMI, smoking stadUSES were available
from 2009 onwards. Socioeconomic status was measured accordingStecibieEconomic
Indices for Areas (SEIFA) quintiles.

Primary outcomes

The primary outcomes were stilbirth and neonatal deathirh was defined as an infant
born after 20 weeks gestation (or birthweight >400 grams if unkn@statgpn) who did not
show any signs of life after birth. Neonatal death refeto the death of a iveborn infant
within 28 days«of birth, of at least 20 weeks gestation (or laitiw >400 grams if unknown
gestation). ‘Perinatal death was defined as the combinedotathktilbirths and neonatal

deaths.Secondary outcomes

Maternal outcomes included induction of labour (IOL), eleciC/S, emergency C/S,
instrumental, delivery, pre-eclampsia, intensive caréhigit dependency unit (ICU/HDU)
admission and"post partum haemorrhage (PPH). PPH was defined as estimated dssod |
greater thany500 millilitres. Perinatal outcomes includestagienal age, preterm delivery
prior to 37+0 weeks gestation, very preterm delivery prior to 34+0 wbietksweight, small
for gestational”age birthweight < 10th centile for age (F@&#*ge for gestational age
birthweight > 90th centile for age and > 95th centile for ageAjl.@acrosomia (birthweight
>4000 g regardless of gestation), shoulder dystocia, Apgar scerthdes7 at 5 minutes and

admission to.the special care nursery/neonatal intersve unit (SCN/NICU).

Exposure

Location ‘of delvery was the exposure of interest and \ateggorised as rural or metropolitan
based on the Department of Health and Human Services negalofjovernment areas
(Figure 17.

Statistics

STATA version 14.0 (StataCorp, College Station, TX, USA) wad tse@nalyse the data.
Numbers and percentages were used to describe categorahblesa Median and

mterquartile range (IQR) are given for continuous variables. Fisher’s exact test was used for
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infrequent outcomes. All other categorical data were aesipusing Pearson’s chi-square
test. Continuous data were compared using Mawhitney U test. Raw data is presented
and no statistical adjustments were made. Statistigaficance was defned as a p value
<0.05.

Results

Data was accessed for 737529 births in Victoria from 1 January @@Bl6December 2015.
Women with: pre-existing diabetes represented 4101 of these moiegnawith a prevalence
of 0.56%. Singleton births accounted for 3926 of these deliveriedudexd from our study
cohort were 845 women classified as having both pre-existaigetdis and GDM. Rural

births accounted for 17.7% of deliveries to women with pre-existingetes (Table 1).

Maternal characteristics are described in Table 1. Womemrd®y in rural hospitals were
younger (p<0.001) and more lkely to be overweight/obese (p = 0.047). Furthemn@ie
women experienced a greater burden of socioeconomic disadvapid.001), and were

more lkely to be classified as a smoker at the beginning ofgmegn(p<0.001).

Obstetricrand-perinatal outcomes are described in Table & Weze 68 perinatal deaths in
total, 53 of these"were stilbirths and the remaining 15 weoeatal deaths (Table 2). The
incidence “of stilbirth was significantly higher ioral compared to metropolitan hospitals
(2.3% vs 1.1%, p=0.027) (Table 2). Median gestational age for stilimrthe rural group
was 33.5 weeks (IQR 24 - 37.5) compared to 30.0 weeks (IQR-ZB5) in the
metropolitan group (p=0.28). There was no statistically sigmiti difference in the incidence
of neonatal death in metropoltan compared to rural settbgto(vs 0.1%, p=0.49) (Table
2). The 15'peonatal deaths included one in a rural hospital, atek® westation, and the
remaining_14 in_metropolitan hospitals. Of the 14 neonatal deathstropolitan hospitals,

only three occurred in babies born after 28 weeks gestation.

Babies born to women delivering in a rural hospital wererlatgen those born in
metropolitan hospitals. Both LGA (p<0.001) and macrosomia (p<0.001) weifesigly
increased in rural settings (Table 2). Delivery in alroospital was associated with a higher
risk of shoulder dystocia compared to in a metropolitan hospital (8s4%5%, p<0.001)
(Table 2). Babies born in rural hospitals were more likelyetuire admission to the
SCN/NICU (73.2% vs 59.3%, p<0.001) (Table 2).
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Discussion

This study s the first to investigate metropolitan amdlrcohorts of women with pre-
existing diabetes delivering in Victoria. The prevalenceprefexisting diabetes in our study,
0.56%, was,similar to a previously reported 0.47% in Victoria from 198808°, We found
women withs pré=existing diabetes who delvered in a rurgbitadsexperience increased

maternal risk factors and perinatal complications.

Previous work by Shand et al (2008) found delivery in a smal hospital in New South
Wales for women with pre-existing and gestational diabetd protective against having
an infant with=major morbidity/mortality, suggesting apprdprieeferral processes were in
place to ensure higher risk women delivered in tertiarfarge district hospitaks Our study
presented outcomes for all metropolitan hospitals, includemtary centres, and all rural
hospitals, “including both small rural and large regionfdria centres. In contrast to the
findings bysShand et al, our study demonstrated delivery irahgetting to be associated
with poorer outcomes, notably a significantly higher risktiltifigth 3.

The majoritywefineonatal deaths were in very preterm bamel occurred among women
who delivered inametropoltan hospitals. It is usual pradtic¥ictoria to transfer women
antenatally to"a hospital with higher capabilty, in thetropolitan area,if preterm birth is
planned or imminent. It is possible that some of these woragnhave been transferred
antenatally .from .a rural location to a higher capabiltytropolitan hospital, however we do
not have information on the planned place of birth 12 In contrast, women who experience
a stilbirth wil not be transferred antenatally and éffene these women would remain in a
rural hospital terdelivé?. This finding suggests that appropriate inter-hospitaiskea is
taking place,in the setting of threatened preterm laboueasons for iatrogenic prematurity.

Babies born in rural hospitals were larger. Higher birtights may refiect poorer matelna
glycaemic control in rural settings, however, this dataot routinely collected. The higher

risk of shoulder dystocia in the rural cohort is lkely cboted to by larger birth weights
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Rural infants were more likely to be admitted to the SCRMIhowever, this may reflect

poorer outcomes at birth or differing hospital polities

Rural mothers were more likely to smoke, be overweight/obeseexaprdience
socioeconomic disadvantage, findings consistent with previodgestcomparing
metropolitan _and rural populations in AustreiaThese maternal characteristics are
associated with adverse pregnancy outc®mésWe chose not to adjust our findings for
maternal,demographics, including smoking, BMI and SES, beeaiseanted to reflect the
realties of the_needs of the women in their pregnamcjuding diabetes, and other factors
that contribate to higher risk pregnancies. Adjusting titirfgs for maternal demographics
may provide theoretical information regarding the caréiadfetes in pregnancy in rural
settings, but is not helpful in real world terms for theicchns providing the
multidisciplinary..bundle of care required for these higleds women.

Previous findings of poorer health for women in rural Auatralcknowledge that the
disparity is| reflective of both patient demographics and reflaceess to appropriate care
12, Reducing_maternal risk factors is important but difficaltachieve, especially given the
majority of\women with diabetes do not receive pre-pregnaocyseling. Our findings

thus suggestsa.need for increased focus on the provisibigheduality multidisciplinary care
for rural womenawith diabetes, including pre-pregnancy .ciimedings borne out of the
Confdential=Enquiry into Maternal and Chid Health (CEW®IA) and subsequent National
Institute for Health and Care Excelence (NICE) recondmdons have highlighted the need
for joint diabetessand antenatal clinic accessibility prawide specialist endocrine, obstetric,
dietician and diabetes nurse educator expertise, and doqasspregnancy carel’.

Reduced avaiability of these services is likely to beairiee major discrepancies for
women in rural areds" 12.1820 |ncreasing access to specialist care is not a simpleotask
solution that wil Jdikely be achieved in the short-té¥#. In the meantime, investment in

intiatives such.as telehealth appears to be one avenimepfmved outcomes.

Limitations "of our study include the inability to accofmt the clustering effect of women
within haospitals or that a woman may be represented moreotic@nin our cohort. Important
markers of diabetic control such as HbAlc and diabetes duratioa not available. SES,
BMI and smoking status were not avaiable prior to 2009. Women edeved antenatal

care in rural Victoria may have transferred to a metr@poltentre, and these women are
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likely to be higher risk and may have experienced a complcgprior to transfer,

contributing to the rate of adverse outcomes recorded in metaopskttingd 1112

Strengths of our study include that our rural cohort of womigh diabetes is the largest
studied in Australiad 23 We are the first to investigate outcomes for women withegisting
diabetes state-wide in Victoria and births across a tenpe@d were included. This is
routinely collected data, so there is less likely to be repobiag as clinicians recording the
births had pe.navelvement in our study. A validation studyatetnated high levels of
accuracy for.the VPDC d&th

In conclusian, (his study demonstrates that women withegigting diabetes delivering in
rural compared 40 metropoltan hospitals in Victoria expegieincreased maternal risk
factors and adverse perinatal outcomes. Sadly, stilbirtivide as frequent for women with
diabetes Iving in rural Victoria. This rural-metropolitaiivide is likely multifactorial,
reflecting both maternal characteristics and the &witia of specialist care outside
metropolitan_areas. These findings suggest a need to impooessao specialist care for

rural women.
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Tables
Table 1. Maternal characteristics according to location ofedgeli

Data are presented as n (%). NC: not calculated, C/S:reamssection.

fUnclassified' refers to women reported to have either typeyper pre-existing diabetes.
P value "was_not calculated for diabetes status givehigheproportion of unclassified
entries.

SNot reported for deliveries prior to 2009. For 2002015, data was unavailable in 449
metropolitan and 9 rural delveries.

Data unavailable in 2 metropolitan deliveries.

INot reported for deliveries prior to 2009. For 2002015, data was unavailable in 62
metropolitap=and: 4 rural deliveries.

"Not repertedsfor deliveries prior to 2009. For 2008015, data was unavailable in 238
metropolitan~and 106 rural deliveries.
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M etropolitan Rural P-value
n =3233/3926 (82.3%) | n=693/3926 (17.7%)
Diabetes status' NC*
Type 1l 1145/3233 (35.4%) 272/693 (39.2%)
Type 2 811/3233 (25.1%) 104/693 (15.0%)
Unclassified 1277/3233 (39.5%) 317/693 (45.7%)
Age (years) <0.001
<20 19/3233 (0.6%) 13/693 (1.9%)
20-24 172/3233 (5.3%) 79/693 (11.4%)
25-29 669/3233 (20.7%) 168/693 (24.2%)
30-34 1170/3233 (36.2%) 241/693 (34.8%)
35-39 912/3233 (28.2%) 146/693 (21.1%)
40-44 271/3233 (8.4%) 46/693 (6.6%)
45+ 20/3233 (0.6%) 0/693 (0.0%)
Parity 0.001
Primiparous 1336/3233 (41.3%) 240/693 (34.6%)
M ultiparous 1897/3233 (58.7%) 453/693 (65.4%)
Previous C/S 1001/1897 (52.8%) 242/453 (53.4%) 0.80
BMI (kg/m?)s 0.047
<25 610/1889 (32.3%) 113/428 (26.4%)
25-30 534/1889 (28.3%) 125/428 (29.2%)
>30 745/1889 (39.4%) 190/428 (44.4%)
Country of birth" <0.001
Australia 2076/3231 (64.2%) 633/693 (91.3%)
Not Australia 1155/3231 (35.8%) 60/693 (8.7%)
Smoking statusl <0.001
Smoker 202/2276 (8.9%) 78/433 (18.0%)
Non — smoker. 2074/2276 (91.1%) 355/433 (82.0%)
Socioeconomic status <0.001

quintiletf
1 (most
disadvantaged)
2

464/2100 (22.1%)

410/2100 (19.5%)

121/331 (36.6%)

94/331 (28.4%)
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3 44212100 (21.1%) 61/331 (18.4%)
4 42412100 (20.2%) 38/331 (11.5%)
5 (least disadvantaged) | 360/2100 (17.1%) 17/331 (5.1%)

Author Manuscript
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Table 2. Maternal and perinatal outcomes according to locatiokegry

Data are presented as n (%) or median (IQR). C/S: cassseetion, LGA: large for
gestational ‘age} SGA: small for gestational age, NI@dnatal intensive care unit, SCN:
special care nursery, PPH: post-partum haemorrhage, n@udsive care unit, HDU: high
dependency _untt.

P value caleulated using Fisher’s exact test.

iData unavailable' in 2 metropolitan deliveries.

8Data unavailable in 1 rural and 4 metropolitan deliveries.

Data unavailable' in 1 rural and 5 metropolitan deliveries.

IData unavailable in 1 rural and 3 metropoltan deliveries.

T'Data unavailable in 24 rural and 33 metropolitan deliveries.

iiData unavailable in 1 rural and 1 metropolitan delivery.

Figures

Figure 1. Department of Human Services map of local govetnizeeas (9)
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M etropolitan Rural P-value
3233/3926 (82.3%) 693/3926 (17.7%)

Stillbirtht 37/3233 (1.1%) 16/693 (2.3%) 0.03
Neonatal death 1473233 (0.4%) 1/693 (0.1%) 0.49
Gestationaliage(weeks)* 38.0(36.0 - 38.0) 37.0 (37.0- 38.0) 0.19
Preterm delivery* 820/3231 (25.4%) 171/693 (24.7%) 0.70
Very pretermdelivery* 252/3231 (7.8%) 26/693 (3.8%) <0.001
M ode of delivery:

Unassisted vaginal 892/3233 (27.6%) 194/693 (28.0%) 0.83

delivery

I nstrumental delivery 312/3233 (9.7%) 68/693 (9.8%) 0.90

Elective C/S 1082/3233 (33.5%) 265/693 (38.2%) 0.02

Emergency CIS 947/3233 (29.3%) 166/693 (24.0%) 0.005
Total C/S 2029/3233 (62.8%) 431/693 (62.2%) 0.78
I nduction 1150/2151 (53.5%) 239/428 (55.8%) 0.37
Birth weight.(grams)® 3390 974 3810 3542 B094— 4043 <0.001
L GA>90" centil e’ 1083/3228 (33.6%) 304/692 (43.9%) <0.001
L GA >95t.centile’ 766/3228 (23.7%) 246/692 (35.5%) <0.001
SGAT 186/3228 (5.8%) 25/692 (3.6%) 0.02
M acrosomias 544/3229 (16.9%) 179/692 (25.9%) <0.001
Shoulder dystocia 76/2151 (3.5%) 36/428 (8.4%) <0.001
Apgar score<Z-at 5minsl 162/3230 (5.0%) 371692 (5.3%) 0.72
NI CU/SCN admission’t 1897/3200 (59.3%) 490/669 (73.2%) <0.001
PPH 857/3233 (26.5%) 206/693 (29.7%) 0.08
Pre-eclampsia 228/3233 (7.1%) 48/693 (6.9%) 0.91
Maternal | CU/HDU 123/3232 (3.8%) 26/692 (3.8%) 0.95
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