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Abstract 

 

Background: The development of diabetes mellitus during pregnancy, referred to as 

gestational diabetes (GDM), is associated with adverse maternal and fetal outcomes. 

Routine screening for this condition is therefore undertaken in all pregnant women.  

In 2014, gestational diabetes underwent a more liberal diagnostic update, which has 

been widely adopted in Australia but not universally accepted internationally. 

Concerns around a rapidly increasing annual incidence and implications for costs and 

workloads have been raised, but they are assumed to have been offset by 

improvements in clinical outcomes. As one of the only large Western countries to 

have adopted universal screening under the new criteria, Australia is uniquely poised 

to assess the value of such a system change. 

 

Hypothesis: That the change in diagnostic criteria for gestational diabetes has 

resulted in improved clinical outcomes and equitable health economics. 

 

Aim: To compare an entire cohort of women and babies diagnosed with gestational 

diabetes in 2014 (under the original criteria) with those diagnosed in 2016 (under the 

updated criteria) and, in particular, to assess any improvements in outcomes, to 

attribute costs to the increased incidence and to assess any overall economic benefit. 

 

Methods: All women diagnosed with gestational diabetes in 2014 and in 2016 were 

included as cases. Control groups in each year were defined as those who underwent 

screening and had a negative test (pre-existing diabetes was thus an exclusion 

criteria). Women with multiple pregnancies were excluded from both cases and 

controls. Demographic data were collected from all groups. Maternal outcomes and 

fetal outcomes were selected to represent those reported in the studies upon which 

the new criteria are based. Three broad groups of outcome analyses were undertaken. 

Firstly, all women in 2014 were compared to all women in 2016 to determine whether 

the change in policy has caused a hospital-wide improvement in outcomes. Secondly, 

women with GDM in 2014 were compared to controls in 2014 and women with GDM 
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in 2016 were compared to controls in 2016. Finally, women with GDM in 2014 were 

compared to women with GDM in 2016. In each analysis, women with GDM were 

examined as a whole and subdivided into diet-controlled and insulin-controlled. For 

the economic analysis, models of care for routine pregnancy, GDM diet-controlled 

and GDM-insulin controlled were costed using average-occasions-of-service for 

clinical reviews, pharmacy fees for medications and consumables, and Medicare 

Benefits Schedule item numbers for ultrasound services. Cost-savings were assessed 

using modelling of adverse outcome avoided based on relative-risk reductions 

published in the studies upon which the new criteria were based. 

 

Results: There was an increase in annual incidence for GDM from 6.0% to 10.4% with 

gross costs of care increasing by approximately $900 000 and nett costs of care by 

approximately $560 000. There was a small hospital-wide reduction in very large 

babies (>95% for birth weight) from4.31% to 3.61% with no other significant 

differences between 2014 and 2016. Women with GDM remain a higher risk cohort in 

both demographics and outcomes than those without GDM, but in 2016 women with 

GDM that is controlled by dietary measures alone represent a cohort with similar 

outcomes to women without GDM. Modelling for adverse outcomes avoided by the 

change in criteria did not reveal a cost-saving in the short-term. 

 

Conclusions: The new criteria for diagnosing GDM has resulted in a marked increase in 

annual incidence (73% relative, 4.4% absolute) without a significant improvement in 

maternal and neonatal outcomes. While small numbers of adverse outcomes are likely 

avoided, it is unlikely the potential short-term savings would outweigh the increase in 

costs if applying a high-risk model of care to all women with GDM. The new criteria 

may lead to long-term improvements in health of the mother and/or baby that are 

cost-effective but further research is required to substantiate this possibility. Future 

randomized controlled trials into different systems of diagnosis and less expensive 

models of care for mothers with GDM and their babies are also warranted. 
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Chapter 1 

 

Introduction and Context 

 

 

While diabetes mellitus has been recognized for several millennia, a pregnancy specific 

condition has only been suspected for the last 60 years or so. The diagnosis of 

“gestational diabetes” (or GDM) has undergone a number of modifications over the 

ensuing decades, and there has been ongoing debate about the degree of risk this 

diagnosis poses to both the mother and the fetus. Even now, there is a lack of an 

international consensus on the best method of diagnosing GDM. 

 

Early research focused on defining a condition which posed an increase in future risk for 

the mother developing type 2 diabetes1, whereas 21st century research has focused 

much more on immediate perinatal outcomes, such as macrosomia, caesarean section 

rates, neonatal hypoglycaemia and hypertensive disorders2-4. The current World Health 

Organization endorsed criteria5 come from an International Association of Diabetes 

and Pregnancy Study Group (IADPSG)6 analysis of data from the Hyperglycaemia and 

Adverse Pregnancy Outcome (HAPO)3 trial and were primarily focussed on the 

prevention of large, hyperinsulinaemic babies with excess peripheral adiposity. The 

criteria thus derived were also projected to decrease maternal caesarean section rates, 

hypertensive disorders and pre-term birth less than 37 weeks. 

 

The findings did not specify an acceptable yearly incidence for the diagnosis of 

gestational diabetes, and the failure of universal acceptance of these guidelines can be 

attributable, in no small part, to clinical concerns about over-diagnosis. In Australia, the 

increase in diagnoses was conservatively estimated before the change to be 20%7 to 

35%8, but with post-hoc analyses suggesting an almost doubling in some local 

populations9. As randomized, controlled evidence exists to support intensive therapy 

in the antenatal treatment and monitoring of GDM2,4, most maternity centres have 

separate guidelines for managing these women as compared with routine care. 
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Inherent in the potential “over-medicalisation” of a population that previously was 

considered normal are implications for increase in workload, service provision, clinical 

expertise and cost. This is often rationalized by the prevention of adverse outcome and 

thus better overall health both in terms of measurable outcomes and cost. 

 

Australia is one of the few major Western countries to adopt these new guidelines for 

diagnosis, and thus large maternity services within Australia have an opportunity to 

examine the health outcomes for this form of screening. The aim of this study is to 

examine maternal and neonatal health outcomes before and after the change in criteria 

for diagnosis, to examine the increase in yearly incidence and estimate the associated 

increase in cost of care, and to assess if there has been an overall improvement in 

maternal and neonatal health that might be economically justified, despite an increase 

in costs. 

 

The Royal Women’s Hospital is a major tertiary referral centre in Melbourne, Australia 

and cares for over 7500 women and their babies annually. Although referrals for various 

high risk pregnancies are common in such a centre, there is a zoned, regional area for 

general referrals. This represents a large, cross-section of a standard urban population. 

The hospital changed its recommendations on screening for GDM in 2015, thus leaving 

2014 as the last calendar year under the previous system10 with 2016 the first full year 

of the new WHO-endorsed system5. 

 

This study therefore aims to compare maternal and neonatal health outcomes of those 

diagnosed with GDM in 2014 with those diagnosed in 2016 and to compare both to 

concomitant control groups within the same years. It will assess the increase in yearly 

incidence and ascertain if this is in accord with previous estimations and assess the 

associated increase in cost in antenatal care packages. It will also estimate the number 

of potential adverse outcomes avoided by instigating the new diagnostic criteria and 

the potential costs saved as a result. 

 

If a sufficient and/or substantive health benefit is confirmed or suspected, the change 

in criteria may be proposed to be justified. If there are minimal or no health benefits 
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and/or the economic analysis suggests that the costs exceed any potential benefit, 

recommendations may be made for future research into examining revised criteria. 

 

The working hypothesis is that the new criteria will include a large number of new 

patients who previously would not have been diagnosed with gestational diabetes and 

the increased cost in looking after this larger group will be balanced by clinically 

important improvements in adverse outcomes. 
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Chapter 2  

Literature Review 

 

 

Diabetes, like many medical entities, was probably first recognised by the Ancient 

Egyptians and appears in the Ebers Papyrus ca 1522 BC11 as a condition “where urine is 

too plentiful” and the cure was to drink a concoction of elderberry, asit plant fibres, milk, 

beer, dates and cucumber. The word diabetes, from the Greek “siphon”, has been 

attributed to various Greek physicians, such as Apollonius of Memphis in 230 BC12 or 

more commonly to Aretaeus the Cappadocian in the first century AD13. The term 

mellitus (“like honey”) was added by John Rollo, the British Surgeon-General in the late 

18th century because doctors at the time tasted their patient’s urine to make this 

diagnosis. This test also discriminated between diabetes mellitus and diabetes insipidus 

(and other causes of polyuria)13. Type 1 and Type 2 diabetes, the former being attributed 

to the young and the latter to being overweight, were recognised as early as the 5th 

century AD by Indian physicians Susruta and Charaka14. Despite these very early initial 

descriptions, it was not until the 20th century that the phenomenon of diabetes specific 

to pregnancy (i.e. gestational diabetes, GDM) was recognised. 

 

Decreased sensitivity to insulin caused specifically by the pregnant state was first 

described in the 1950s15. In this seminal paper, intravenous administration of insulin was 

given to a cohort of pregnant women at varying stages of gestation, and blood glucose 

was measured by venepuncture at intervals of 5, 10, 20, 40 and 60 minutes: a 

remarkable methodology that would not be deemed ethically acceptable by current 

standards. They observed a much smaller drop in blood glucose in pregnant women 

compared to non-pregnant controls and the effect was more marked as gestation 

increased, and this was the first report of relative resistance to insulin in pregnancy. 

Prior to this time, it had been hypothesised that carbohydrate metabolism in pregnancy 

was unaltered due to the limited changes observed in blood glucose levels after 

intravenous administration of glucose16,17.  
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In the early 1960s, O’Sullivan and Mahan directly addressed the prevailing doubt about 

the reproducibility of the oral (rather than intravenous) glucose tolerance test (GTT) 

during pregnancy1. They challenged the prevailing theory that overall carbohydrate 

metabolism was unchanged in pregnancy and wished to demonstrate that orally 

administered glucose better reflected a “real-life” scenario than the intravenous tests 

previously described. The fasting glucose load was 100 g and blood levels were taken at 

0, 1, 2 and 3 hours. Interestingly, one of their exclusion criteria for this study was a 

venous blood glucose of greater than 130 mg/dL (7.2 mmol/L) 1 hour after an initial 50 

g non-fasting glucose load, a not dissimilar inclusion criterion for GDM testing advocated 

until recently in Australia10. After the administration of the 100 g GTT, they found that 

blood glucose, at each defined time, followed a Gaussian pattern with the fasting levels 

more clustered around the mean than the post-glucose observations. They also found 

that increasing degrees of hyperglycaemia were predictive of the later development of 

overt diabetes with “Test Level 2” (or the mean plus two standard deviations) at each 

observation being the best cut-off for suspicion. “Test Level 2” in the fasting state was a 

level of 90 mg/dL (5.0 mmol/L), which is still the cut-off currently recommended by WHO 

for diagnosing GDM some 50 years later5. 

 

Despite this research, GDM remained a controversial entity for some time. Terms such 

as “chemical diabetes”, “latent diabetes” and “prediabetes” were all in common use and 

the significance of abnormal glucose tolerance (short of overt diabetes) in pregnancy 

was controversial with quoted perinatal mortality rates varying from 17 to 50%18-20. 

Similarly, the way of delivering a sugar load was also variable with a 2-hour post-prandial 

level examined as frequently as levels after a 2-hour formal GTT, often with advocacy of 

a high-carbohydrate diet leading up to the test21.  

 

In the 1970s, it became increasingly accepted that GDM did exist and did incur a higher 

perinatal mortality rate. O’Sullivan and colleagues acknowledged this in a follow up 

paper to their seminal research in the 1960s22. They used a two-tiered screening system 

with a 50 g non-fasting glucose challenge test (GCT) followed by (for those deemed 

positive) a 100 g fasting GTT (again with a 3-day high carbohydrate diet beforehand). 

They then assigned patients to either treatment with long-acting insulin and dietary 
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advice or routine care and found a significantly reduced perinatal loss rate in the 

treatment group (4.5 v 11.8%) if the patients were “high-risk”. Interestingly, “high-risk” 

in this era was defined as anyone over the age of 25 years, a marked contrast to the 

modern era of advancing assisted reproductive technologies. It is also a salient reminder 

of what were considered acceptable perinatal loss rates a mere 40 or so years ago: 

figures that would be completely unacceptable in modern practice. 

 

In 1979, an attempt to define the criteria for diagnosing GDM using the 100 g fasting 

GTT was made and adopted by numerous international bodies, including the American 

Diabetes Association, National Diabetes Data Group and the World Health 

Organization23. Subsequent pregnancy-specific recommendations included a non-

fasting 50 g GCT as a screening test, with those who screened positive (≥7.8 mmol/L) 

going on to the full diagnostic test24. The World Health Organization was later to differ 

in its recommendations and suggest that the same criteria for pregnant and non-

pregnant women for “impaired glucose tolerance25. 

 

The apparent paradox of requiring a numerical cut-off for diagnosing GDM but 

recognising that risk was likely to increase as a continuum with blood glucose levels was 

reflected in the literature of the late 1980s and 1990s. There were suggestions of 

diagnostic criteria not being strict enough to prevent milder neonatal complications 

(such as macrosomia or hypoglycaemia)26,27, but also acknowledgement of the lack of a 

clear threshold in the GTT at which clinical outcomes significantly worsened28. There 

was also some debate about whether even the most stringent glycaemic control could 

truly prevent these milder complications29. 

 

Criticism was similarly directed toward the methodology of the aforementioned studies 

from which the diagnostic criteria had been developed30. These conflicting opinions 

were nicely summarised by Buchanan and Kos in a review article in 199931. The 

continuous (albeit slow) increase in adverse perinatal outcomes with increasing degrees 

of “sub-diabetic” maternal glucose levels was described, however they concluded that 

“without a biologic threshold for risk, there can be no proof of a superior set of 

diagnostic criteria or therapeutic guidelines based on maternal glucose alone”.  
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The Australian Diabetes in Pregnancy Society (ADIPS) was formed in 1986 and released 

a consensus statement in 1991 in order to address this prevailing confusion about 

screening and treatment32. They stated that clinical risk factors were not reliable and 

that some form of laboratory screening should be offered to all women. A non-fasting 

GCT of either 50 g or 75 g was recommended, with blood glucose levels at one hour 

greater than or equal to 7.8 or 8.0 mmol/L (respectively) being considered a “screen-

positive” and requiring a full fasting 75 g GTT. Levels of greater than or equal to 5.5 

mmol/L (fasting) or 8.0 mmol/L (at 2 hours) were then considered diagnostic. These 

criteria were reendorsed in 199810 with the added acknowledgment that clinical 

screening may be appropriate in resource limited environments and a higher level at 2 

hours for those of New Zealand origin (9.0 mmol/L), a figure chosen by “majority 

decision”. 

 

New Zealand has a different Indigenous population to Australia, with Maori and Islander 

populations having higher rates of obesity33, pre-existing diabetes34 and gestational 

diabetes35 than those with a European background36. Customised growth charts may 

reveal these populations naturally have larger babies37 and, even now, there is some 

scepticism about applying current criteria to the New Zealand population38. This is of 

some interest given Australia’s proximity to New Zealand and shared college of 

specialists. However, Australia has its own specific body related to diabetes and 

pregnancy (ADIPS) as does New Zealand (the New Zealand Society for the Study of 

Diabetes or NZSSD) and each now produce their own separate guidelines. 

 

The 1998 ADIPS guidelines10 once again acknowledged that there was a lack of evidence 

for an increased perinatal mortality for milder degrees of maternal hyperglycaemia and 

that these criteria were not necessarily formulated to minimise perinatal morbidity, but 

rather to reduce long term maternal risk of type 2 diabetes. The authors acknowledged 

that this statement was a consensus of informed opinion and that several further areas 

of quality prospective research were required, including the optimal criteria for 

diagnosing GDM. 
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In 2005, the Australian Carbohydrate Intolerance Study in Pregnant Women (ACHOIS) 

was a randomised controlled trial designed to examine whether treatment of GDM 

reduced maternal and perinatal complications2. The initial screening tests were clinical 

risk factors or a positive 50 g GCT (greater than or equal to 7.8 mmol/L at one hour). 

These patients went on to a fasting 75 g GTT between 24 and 34 weeks gestation and 

were included if the fasting glucose level was less than 7.8 mmol/L but between 7.8 and 

11.0 mmol/L at 2 hours (a total of 1000 patients). These criteria were selected from the 

WHO guidelines for “impaired glucose tolerance” at the time of the start of the trial39, 

which were not pregnancy specific. Nonetheless, the authors found a significant 

reduction in composite serious neonatal morbidity with intensive glycaemic control and 

treatment compared to routine care (adjusted relative risk 0.33 (0.14-0.75), p = 0.01).  

 

It should be noted that there were no perinatal deaths in the intervention group 

compared with five deaths in the control group, of which two were unexplained, one 

was due to preeclampsia, one was a lethal anomaly and one was an asphyxial event 

during labour. Mild hyperglycaemia as a causative factor for these serious outcomes is 

far from certain and may represent random error. No individual component of the 

composite outcome chosen to represent serious neonatal morbidity reached statistical 

significance. Admission to the neonatal special care nursery, an outcome separate to 

the composite, was more common in the intervention group (adjusted relative risk 1.13 

(1.03-1.23), p = 0.01). This latter finding may represent ascertainment bias but also 

raises concerns about a true increase risk of perinatal morbidity in the control group. 

 

Excluding the perinatal deaths, the bulk of the poor perinatal outcomes in the control 

group contributing to the statistically significant increase in the composite outcome 

were cases of shoulder dystocia, of which relatively few had reported injuries (two out 

of sixteen). The authors also noted that mothers from the intervention group were more 

likely to have an induction of labour, but with equal rates of caesarean section. Neonates 

in the intervention group had significantly smaller birth weights (adjusted treatment 

effect -145g (-219 to -70), p < 0.001) and were less likely to be large for gestational age 

(adjusted treatment effect 0.62 (0.47 – 0.81), p < 0.001). Therefore, it could be 

reasonably concluded that the intervention group seemed to have a trend toward more 



 20 

favourable fetal outcomes, however a true reduction in serious perinatal complications 

was less clear. 

 

In 2008, the U.S. Preventative Services Task Force subsequently concluded that 

insufficient evidence existed to assess whether screening and treatment of gestation 

diabetes was worthwhile40. Another large randomised trial was then undertaken in the 

U.S. also examining if intensive treatment of GDM resulted in improved perinatal 

outcomes4. The number of patients (958) was similar to the ACHOIS trial with women 

between 24 and 31 weeks gestation included if they had a blood glucose level between 

7.5 and 11.1 mmol/L 1 hour after a non-fasting 50 g GCT. This group then underwent a 

fasting 3-hour 100 g GTT and were included for study if the fasting level was less than 

5.3 mmol/L and “two or three timed glucose measurements exceeded established 

thresholds” which were defined as 10 mmol/L at 1 hour, 8.6 mmol/L at 2 hours and 7.8 

mmol/L at 3 hours (as recommended by the National Diabetes Data Group at the time41). 

This inclusion criterion therefore differed from that used for the ACHOIS study, however 

their intervention was much the same. 

 

Interestingly, this study did not find a significant difference in serious perinatal 

outcomes (individual or composite) between the control and intervention group and no 

perinatal deaths were recorded in either group. Neonates in the control group were 

mildly larger at birth (mean weight 3408 g versus 3302 g), had a greater fat mass and 

were more likely to be large for gestational age (relative risk 0.49 (9.26-0.66), p < 0.001). 

However, there were no statistically significant differences in admission to the neonatal 

special care nursery or in birth trauma. In the maternal outcomes, the intervention 

group was less likely to have a caesarean section (relative risk 0.79 (9.64-0.99), p = 0.02), 

a documented shoulder dystocia (relative risk 0.37 (0.14-0.97), p = 0.02), or 

preeclampsia or gestational hypertension (relative risk 0.63 (0.42-0.96), p = 0.01). 

 

These two large randomised trials provide evidence that treatment of GDM is likely to 

provide some degree of better maternal and neonatal outcome. However, the 

diagnostic criteria were different and it remained unclear if either was preferable over 

the other. For example, ACHOIS used a 75 g GTT and a single reading at 2 hours, whereas 
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the U.S. study used a 100 g GTT with a requirement for at least two readings to be 

elevated. In another example, ACHOIS deemed a level of greater than 7.8 mmol/L at 2 

hours to be abnormal, whereas the U.S. study used 8.6 mmol/L. A condition which 

seemed to be better managed with intensive treatment but without an accepted 

definition thus posed a difficult problem for practitioners worldwide. 

 

In 2008, the “Hyperglycemia and Adverse Pregnancy Outcomes” (HAPO)3 trial was 

designed primarily to examine at what level of hyperglycemia treatment should be 

instigated. The methodology involved the use of a fasting 75 g GTT between 24 and 32 

weeks gestation in a relatively low-risk population across multiple centres 

internationally. In contrast to the previous two large randomised trials, “gestational 

diabetes” was not defined per se and blood glucose was analysed as a variable in relation 

to adverse pregnancy outcome in a universally untreated population. The four primary 

outcomes were birth weight above the 90th centile for gestational age, primary 

caesarean delivery, clinical neonatal hypoglycaemia and cord-blood serum C-peptide 

above the 90th centile. A number of neonatal secondary outcomes were defined and 

preeclampsia was the sole maternal secondary outcome. 

 

There was a 53.6% participation rate and after various exclusion criteria, 23316 of the 

remaining 28562 were eligible for analysis (43.7% of those initially eligible for 

participation). Glucose was treated both as a continuous and a categorical variable: for 

the categorical variable analysis, levels were broken down into seven different ranges 

for the fasting, 1-hour and 2-hour states. For instance, the fasting category 1 was < 4.2 

mmol/L, category 2 was 4.2-4.4 mmol/L, category 3 was 4.5-4.7 mmol/L and so on. For 

the continuous analysis, odds ratios were calculated for each standard deviation 

increase in blood glucose above the lowest recorded concentration. These odds ratios 

were highest for birth weight > 90th centile and cord blood C-peptide. Associations were 

weaker for neonatal hypoglycaemia and caesarean section. In the categorical analysis, 

the frequency of each outcome increased with each higher “category” of blood sugar 

level, however the associations were small for neonatal hypoglycaemia and there was 

no clear “cut-off” in any category for any outcome whereby risk had a sharp increase.  
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The authors concluded that there was a “strong continuous association of maternal 

glucose level below those diagnostic of diabetes with increased birth weight and 

increased cord blood serum C-peptide levels”. They acknowledged the two outcomes 

with the strongest associations (fetal macrosomia and cord C-peptide > 90th centile) 

could be considered physiological consequences and that caesarean section rates and 

neonatal hypoglycaemia could have had, arguably, greater clinical significance. The 

increase in these (and the various secondary outcomes) was more modest. Clinical 

hypoglycaemia, in particular, was a fairly infrequent event and only the 1-hour blood 

glucose level seemed significant after adjustment for various confounders. They also 

acknowledged the “lack of clear threshold” for a risk increase. 

 

In 2010, in an effort to better define diagnostic levels for GDM, the International 

Association of Diabetes and Pregnancy Study Groups (IADPSG) convened an 

international workshop and subsequent consensus panel to review the published results 

of the HAPO trial in addition to “unpublished study findings”6. They used the mean 

values for the fasting, 1-hour and 2-hour blood glucose levels in the HAPO trial (4.5 

mmol/L, 7.4 mmol/L and 6.2 mmol/L) as a reference and examined the glucose levels 

above these at which there were odds ratios of 1.75 for the outcomes of birth weight, 

cord C-peptide and fetal body fat > 90th%.  

 

They proposed levels of greater than or equal to 5.1 mmol/L (fasting), 10.0 mmol/L (at 

1 hour) and 8.5 mmol/L (at 2 hours) after a fasting 75 g GTT to be diagnostic of GDM. If 

any of these levels were exceeded, they estimated an approximate twofold increase in 

relative risk in one of the three pre-defined outcomes and also commented on the 

incidence of preeclampsia being twofold higher and preterm delivery and primary 

caesarean section being greater than 45% higher. The panel acknowledged that HAPO 

was not a clinical trial and that the two randomised trials previously alluded to2,4 used 

differing diagnostic criteria which “overlapped” the newly proposed thresholds. 

Therefore, it was deemed likely that future trials would be needed to determine “cost 

effective therapeutic strategies, optimal glycaemic targets, appropriate follow-up of 

mothers and appropriate follow up of children”.  
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In 2011, commentaries on this recommendation were varied with both strong support 

and opposition. A striking example of this occurred in the USA where the American 

Diabetes Association was in favour42 and the American College of Obstetricians and 

Gynaecologists was not43. There were criticisms that the new stricter criteria would not 

be economically feasible44 and an economic analysis45, although being in favour of 

treating GDM, examined the older Carpenter-Coustan criteria46 as used in the Landon 

trial4 rather than the new recommendations. Most commentaries against the new 

recommendations focussed on the increased numbers likely to be diagnosed with GDM 

and opinions on the poor reproducibility of the GTT47, higher prevalence of macrosomia 

in babies of women with normoglycemia47,48, and the lack of a randomised trial using 

these new guidelines48,49, resulting in a call for further debate and research. 

 

In 2012, the authors of the HAPO trial wrote in support of the IADPSG recommendations 

and addressed some of these concerns50. They made the point that although a higher 

incidence of GDM is to be expected, concerns may be invalid without a proposed 

“acceptable rate” of GDM. In addition, analyses of different populations within the 

HAPO trial found widely varying incidence of 9-26% amongst different populations. It 

was again acknowledged that the two large RCTs2,4 used different diagnostic criteria, but 

the outcomes were complementary to HAPO and the authors also recommended 

against the use of a “two-step” diagnostic process (a GCT followed, if positive, by a 

fasting GTT). The arguments against this latter included increased time to diagnoses, an 

unknown cut-off for the GCT based on HAPO data and a recent meta-analysis suggesting 

a false negative rate of up to 25% on the GCT51. It should be noted in this meta-analysis 

that only the 50 g GCT was examined (not the 75 g GCT as often used in Australia) and 

studies including both the 75 g and 100 g GTT with varying thresholds for diagnosis for 

GDM were included. The HAPO follow-up study50 also commented, in concluding, that 

it may be appropriate for various demographic regions to develop their own strategies 

for diagnosing GDM based on the underlying risk of the particular population. 

 

In 2014, the IADPSG guidelines were adopted by the WHO5 and followed by ADIPS52. The 

WHO statement has not been universally accepted worldwide and the ADIPS statement 

has not been universally accepted Australia-wide. The American College of Obstetrics 
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and Gynecologists retracted their previous statement43 and published an update in 

201353. While they recognised the benefits of some form of screening for all women, 

they both acknowledged a role for “risk factor screening” and re-endorsed the 2-step 

system of an initial 50 g GCT followed by a fasting 100 g GTT with thresholds as defined 

by Carpenter and Coustan46 or the National Diabetes Data Group23. The American 

Diabetes Association changed their prior recommendations42 to now endorse either a 

two-step or one-step (IADPSG/WHO) approach without preferencing either54. Various 

prospective studies are planned to analyse the effectiveness of the two-step or one-step 

approach55, however current retrospective data suggest either no difference in health 

outcomes between the different approaches56 or even worse health outcomes with the 

IADPSG/WHO approach57. The one-step IADPSG/WHO approach also appeared unlikely 

to be cost-effective56. Another recent commentary, in contrast, suggests the 

IADPSG/WHO approach may possibly be cost-effective but also suggest using a low 

fasting blood-glucose as an initial “rule out test”58. The Canadian Diabetes Association 

currently takes a different approach again and prefers a two-step approach, with a 50g 

GCT (similar to most practice in the USA) but a subsequent 75g GTT with their own 

unique cut-off values59. They acknowledge the alternative one-step approach with the 

IADPSG/WHO cut-off values. 

 

In 2015, the National Institute for Clinical Excellence (NICE) guidelines, which drive care 

in the UK, recommended a fasting 75 g GTT only to women with a risk factor for diabetes 

and cut-offs of ≥ 5.6 mmol/L fasting or ≥ 7.8 mmol/L at 2 hours60. A subsequent cost-

effectiveness study61 found this approach to have superior cost-effectiveness compared 

to the IADPSG/WHO approach5,6 and continued to recommend against universal 

screening. A similar European finding was reported in a Finnish study reporting no 

improvement in pregnancy and neonatal outcomes after instigating comprehensive as 

opposed to risk-based screening62.  

 

In Australia, concerns have predominantly focussed around the increased incidence of 

diagnoses of GDM using current guidelines, with an early analysis suggesting a relative 

increase of approximately 35%8 and later analyses suggesting a possible doubling9. 

Associated concerns on workload implications and the potential to “medicalise” a large 
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number of previously normal pregnancies are inherent in such an increase. A Western 

Australian study retrospectively examined a cohort of women who had had a GTT and 

been diagnosed with GDM under the “old” criteria10. They then examined the number 

of women who would potentially have been diagnosed under the new criteria52 and 

concluded that the new criteria identified a group with a mildly greater risk of increased 

birthweight with a proposed 20% increase in annual incidence7. Two subsequent 2017 

retrospective studies with similar methodology also were suggestive of greater risk 

(particularly for caesarean section and large babies) for those who may have been 

“missed” under the old criteria63,64. Both studies had modest associations and any 

retrospective analysis attempting to identify missed cases will always have difficulties 

controlling for the degree of change in diagnostic criteria. As patients under the old 

criteria did not all have a fasting GTT (if the non-fasting GCT was normal) and did not 

have a 1-hour blood glucose level assessed, it is never possible to retrospectively identify 

all potential missed cases. A 2016 survey of the members of the National Association of 

Diabetes Centres found that 24.2% had not adopted the new criteria65.  

 

Systematic review and meta-analyses examining the strategies for diagnosing GDM are 

few. A 2015 Cochrane meta-analysis concluded that there was insufficient evidence for 

assessing which diagnostic method is best but did acknowledge that no study has 

directly examined the effectiveness of the new IADPSG/WHO criteria66. It also noted 

that there was inadequate addressing of the optimal gestation for diagnosing GDM and 

an under-reporting of data from the most substantive outcomes (such as economic 

costs). An update in 2017 did indeed include the IADPSG/WHO criteria, but could only 

analyse seven small trials and once again concluded that there was insufficient evidence 

to recommend any specific screening approach67. Earlier meta-analyses addressing 

strategies and necessity for screening for GDM were performed before the new 

WHO/ADIPS criteria were adopted68-70, however it was almost universally acknowledged 

that insufficient evidence existed to preference one set of criteria over another.  

 

Despite the ongoing debate about how best to diagnose gestational diabetes and what 

level of risk is conferred to the pregnancy, the physiology of glucose homeostasis and 

insulin resistance in pregnancy has better consensus and is also the subject of ongoing 
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research. The origins stem from the same 1950s research involving intra-venous 

administration of insulin and observing smaller glucose variations than expected15. The 

action of insulin has been observed to be 50-70% less effective in late pregnancy than in 

the non-pregnant state71. This insulin resistance is historically attributed to increasing 

placental hormones and possibly cortisol, with more recent research attributing a role 

to tumour necrosis factor-alpha72, adiponectin73,74 and leptin74.  Insulin resistance is 

countered by a physiological increase in insulin secretion to maintain glucose 

homeostasis75 and similarly pancreatic beta-cell proliferation76. GDM potentially occurs 

when the pancreas is unable to respond to this increasing demand and various 

hypotheses exist as to why this may occur including associations with prolactin77, 

placental lactogen78 and other more novel biomarkers such as 3-carboxy-4-methyl-5-

propyl-2-furanpropanoic acid (CMPF)79. An extensive review of the potential molecular 

causes of GDM is beyond the scope of this review, however the common pathway for 

the pathophysiology of GDM is the same: a pregnancy-induced physiological insulin 

resistance and failure of pancreatic beta-cell proliferation and increase in insulin 

production to maintain adequate homeostasis. 

 

In summary, although there has been awareness of GDM since the 1950s, international 

controversy still exists about what methods and criteria to use for diagnosis. The 

rationale for intensive treatment over routine care for women with GDM is derived 

primarily from two randomised controlled trials2,4, but each used different criteria for 

diagnosis and each found improvements in different outcomes. The HAPO trial3 and its 

subsequent analysis6 have defined the criteria adopted for use in Australia today52, 

however concerns about a lack of consensus on appropriate annual incidence for GDM, 

lack of universal international acceptance and lack of randomised controlled studies 

using these criteria cannot be ignored. ADIPS itself has acknowledged the need for 

“future studies comparing the new criteria with previous criteria”52. Examination of 

these issues is thus the purpose of the study reported in this thesis. 

 

  



 27 

Chapter 3 

Patients and Methods 

 

 

 

3.1. Overview 

This study is a detailed retrospective analysis of two large patient cohorts at the Royal 

Women’s Hospital in Melbourne. Every patient diagnosed with gestational diabetes in 

2014 and 2016 was eligible for initial inclusion. 

 

In 2014, GDM was defined by the 1998 ADIPS criteria10. A 75 g glucose challenge test 

was performed on all women and those with blood glucose levels of greater than or 

equal to 8 mmol/L then underwent a fasting 75 g glucose challenge test. Those with 

blood glucose levels of greater than or equal to 5.5 mmol/L (fasting) or 8.0 mmol/L (at 

2 hours) were diagnosed with GDM at any gestation. 

 

In 2016, GDM was defined by the WHO5 and ADIPS52 endorsed criteria. The glucose 

challenge test was omitted. All women were required to have a fasting 75 g glucose 

tolerance test. Levels of greater than or equal to 5.1 mmol/L (fasting), 10 mmol/L (at 1 

hour) and 8.5 mmol/L (at 2 hours) were diagnosed with GDM. 

 

In both years, the control group was defined as those who underwent screening but 

were not diagnosed with GDM. The same demographics and outcomes were recorded 

for the case and control groups. 

 

Exclusion criteria were multiple pregnancy and pre-existing diabetes. Although the 

ACHOIS trial2 included multiple pregnancy, both the Landon trial4 and HAPO3 did not. 

The varied physiological changes of multiple pregnancy and the exclusion of this group 

from the main study determining current diagnostic criteria (HAPO) was significant 

enough to exclude this group from the present analysis. Those with pre-existing diabetes 
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were excluded from the control analysis, as this group does not undergo screening with 

the glucose tolerance test. 

 

In both years, the treatment of GDM was the same. Women attended a group class 

within two weeks of diagnosis with an hour with each of a diabetes educator, dietitian 

and physiotherapist. The diabetes education session involved teaching women how to 

test their blood glucose levels (BGLs) with a lancet and glucometer (Accu-Chek® 

Performa, Roche Products Pty Ltd), how often and when to test them and the target 

BGLs desired. These were defined as < 5.0 mmol/L fasting and < 6.7 mmol/L two hours 

after the start of each of three main meals (breakfast, lunch and dinner). Women were 

thus instructed to test their BGLs four times per day. The dietitian session involved 

advice regarding appropriate food selection to optimise normoglycaemia, and the 

physiotherapy session involved lifestyle advice around physical activity. All women were 

scheduled for one individual follow-up session with the dietician and at least fortnightly 

telephone review with diabetes educators. On the other alternative week, they were 

seen by an obstetrician familiar with the management of GDM. 

 

Insulin was prescribed if the target BGLs were not met on three occasions at the same 

time of day within the one week. If the fasting BGL was elevated, Protaphane® (insulin 

isophane) was prescribed starting at 4-8 Units at bedtime. If the post-prandial BGL was 

elevated, Novorapid® (insulin aspart) was prescribed starting at 4-6 Units before meals. 

The commencement of insulin required an individual consultation with a diabetes 

educator and more frequent review by an obstetrician (usually weekly).  

 

All women had a growth ultrasound at 32 weeks and a further ultrasound at 36 weeks if 

macrosomia was suspected. During the study period, women on insulin therapy also had 

weekly cardiotocography (CTG) from 36 weeks. Induction of labour was recommended 

in the 38th week if on insulin and with another risk factor (difficult or suboptimal BGL 

control, suspicion of macrosomia or intrauterine growth restriction, hypertension or 

smoking). Induction of labour was recommended between 38 and 39.5 weeks if on 

insulin therapy and without a further risk factor and at 40 weeks if on dietary control 

alone. 
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Intrapartum management required continuous CTG, cessation of any pre-existing insulin 

therapy and a 4-hourly (diet controlled) or 2-hourly (insulin constolled) BGL monitoring 

with an insulin sliding scale. Other interventions were for standard obstetric indications. 

 

Postpartum management required twice daily maternal BGL measurement with targets 

of 6 mmol/L fasting or 8 mmol/L two hours after the start of a main meal. The baby 

required ward BGL measurement at four hours of age or before the second feed 

(whichever was first) and before each subsequent feed until three consecutive readings 

≥ 2.6 mmol/L. There was an established protocol for dealing with neonatal 

hypoglycaemia, involving administration of oral glucose gel on the ward (most 

commonly as first line) or admission to Special Care Nursery (most commonly second 

line or for more severe cases). 

 

Data were collected prospectively by the institutional Quality and Safety Unit from the 

Maternity Care Information System (“MCIS”, GE Healthcare, Little Chanfont, United 

Kingdom) and collated in MS Excel spreadsheets (Microsoft, Redmond, USA). Data 

were analysed retrospectively through selecting the demographics and outcomes of 

interest. Formulae were used within MS Excel to change text or numbers to binary 

outcomes (where appropriate). 

 

3.2 Demographics 

The following maternal demographics were collected: 

- Age 

- Body Mass Index (BMI) at booking 

- Parity (primiparous or multiparous) 

- History of Polycystic Ovarian Syndrome 

- Smoking (current smoker at 20 weeks gestation) 

- Previous caesarean section (LUSCS) 

 

Other risk factors for gestational diabetes identified by ADIPS52 were: previous 

hyperglycaemia in pregnancy, previous elevated blood glucose level, ethnicity (Asian, 
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Indian Subcontinental, Aboriginal, Torres Strait Islander, Pacific Islander, Maori, Middle 

Eastern, non-white African), family history of diabetes mellitus, previous macrosomia, 

or medications known to cause hyperglycaemia. 

 

These factors were omitted from analysis for several reasons. They are not routinely 

collected by the MCIS and would need to be ascertained by chart review, a task not 

feasible for over 14 000 patients. They also may be subject to various forms of 

information bias, for instance whether ethnicity is determined by country of birth 

(routinely recorded by the hospital), or the culture identified with, or by ancestors and, 

if so, how many generations back are considered significant. Macrosomia is notorious 

for having varying definitions and none is explicitly identified by ADIPS for use. Family 

history is also problematic as clearly risk will depend on the degree and number of 

relatives, the age at diagnosis, and causation (or not) by known lifestyle factors. 

 

3.3 Maternal Outcomes 

The following maternal outcomes were collected: 

- Hypertensive disorder 

- LUSCS (overall and unplanned) 

- Induction of labour (IOL) 

- Instrumental birth 

- Third degree tear 

- Post-partum haemorrhage (PPH)  

 

These outcomes represent those reported in the randomised controlled trials2,4, the 

main two outcomes reported in the IADPSG subanalysis of the HAPO trial6 

(hypertensive disorders and caesarean section rates), and those expected to be 

associated with large babies (such as third degree tear and PPH rates). 

 

3.4 Neonatal Outcomes 

The following neonatal outcomes were collected: 

- Gestational age at delivery (EGA) in weeks 

- Stillbirth 
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- Neonatal death (NND) 

- Clinical hypoglycaemia (defined as ward measured BGL < 2.6 mmol/L) 

- Respiratory distress 

- Jaundice requiring phototherapy 

- Birth trauma 

- Apgar score < 7 at 5 minutes 

- Preterm birth < 37 weeks 

- Preterm birth < 34 weeks 

- Shoulder dystocia 

- Admission to special care nursery (SCN) 

- Admission to neonatal intensive care (NICU) 

- Gross birthweight 

- Birthweight > 90th% as defined by current Australian birthweight charts80 

- Birthweight > 95th% as defined by current Australian birthweight charts80 

- Birthweight < 10th% as defined by current Australian birthweight charts80 

 

These outcomes also represent those reported in the two randomised controlled 

trials2,4 and the HAPO trial3, as well as those commonly associated with gestational 

diabetes or expected to be increased as the result of macrosomia. Neonatal outcomes 

of interest were examined for relevance by an expert neonatologist on the advisory 

committee. 

 

 

3.5 Statistical Analysis 

 

Three groups of analyses were performed. Firstly, in chapter 4, the total number of 

women giving birth in 2014 was compared to the comparable cohort in 2016 and a 

similar analysis was done for those without DM. This was to examine whether 

background demographics and outcomes were the same in the hospital, in general, in 

the two years of interest. This analysis was done as a quality control to ensure the 

cohorts were valid for comparison. It was also done to examine if a policy of adopting 

the new criteria improved outcomes for a large hospital as a whole. 
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Secondly, in chapter 5, the outcomes of those diagnosed with GDM were compared 

with the control group within years (2014 and 2016) to examine differences between 

the cohorts under the two separate diagnostic criteria. The outcomes were also 

examined within each year subdivided for those requiring insulin and those managed 

with dietary modification alone. 

 

Finally, in chapter 6, the outcomes of those diagnosed with GDM in 2014 were 

compared with the outcomes of those diagnosed with GDM in 2016. The outcomes of 

those requiring insulin and those managed with dietary modification alone were also 

compared between years. Chapter 5 and Chapter 6 represent a within-years and 

between-years comparison, respectively. 

 

Maternal and neonatal characteristics were compared using descriptive statistics. 

Discrete variables are reported in the tables as a mean percentage and continuous 

variables are reported as mean (95% confidence interval). For univariate analyses, 

discrete variables were analysed using Fisher’s exact test or Pearson’s chi-squared and 

continuous variables using Student’s t-test. Multivariate analysis with logistic regression 

was planned for any outcome which met statistical and clinical significance and had 

documented risk factors other than GDM. P-values are reported in the final column of 

all tables with less than 0.05 considered statistically significant and highlighted in bold. 

 

 

3.6 Costing Analysis 

 

Antenatal care packages were costed for three groups: routine care, GDM controlled by 

dietary measures and GDM controlled with insulin. The following were examined: 

- Number of individual clinic consultations 

- Number of group class consultations 

- Number of phone-call consultations 

- Type of health care professional at clinic consultations (consultant obstetrician, 

registrar, midwife, diabetes educator, dietician, physiotherapist) 

- Number of ultrasound scans (if any) 
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- Number of day care consultations for CTG 

- Glucometer and BGL testing strips 

- Insulin use 

 

Average costs for a policy of recommending the relevant care package were estimated 

rather than ascertaining patient-level data. This was considered more relevant to a 

universal recommendation for a change in diagnostic criteria and represent the burden 

of hospital-wide policy adoption. All costs were estimated in figures from the end of 

2016, thus negating the need to adjust 2014 figures for consumer price index (CPI) or 

other potential inflationary changes. 

 

For occasions of clinical review such as antenatal clinic consultations, group class and 

phone-call consultations, and pregnancy day care admissions, cost was estimated from 

“average occasion of service” figures for the relevant health professional, as collected 

by the institutional Business Performance Reporting Unit. The pharmacy schedule was 

consulted for the costs of consumables and medications. The Medicare Benefits 

Schedule was considered the most reproducible and valid estimation for the cost of 

ultrasound services. A detailed explanation of costing is given in Section 7.1. 

 

The best way to cost potential adverse outcomes avoided would be to use patient-level 

data from the 2014 cohort and examine what occurred within those who would have 

been diagnosed under the new criteria but were considered normal under the old. It 

quickly became apparent that this was not possible because of the degree of change in 

the new criteria. In 2014, many women would not have had a full-fasting GTT at all if 

they had had a normal response to the non-fasting GCT. Similarly, a newly endorsed  

1-hour blood glucose level was not measured at all in 2014 under the older system. 

 

After appropriate economic consultation, the best alternative was a costing model 

assessing the likely change in outcomes upon which the new criteria are based and 

which have documented risk-reductions from the HAPO/IADPSG model6. 
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These outcomes were: 

- Macrosomia (>90th percentile for gestational age) 

- Hypertensive disorder of pregnancy 

- Caesarean section rate 

- Preterm birth < 37 weeks. 

 

The increase in GDM incidence was calculated between 2014 and 2016, and the 

difference applied to the 2014 non-GDM control group to estimate the number of 

“cases missed”. This assumed that the demographics of the hospital population had not 

significantly changed between 2014 and 2016, which was considered a reasonable 

assumption as the catchment area had not changed and was able to be checked as part 

of the statistical analysis in Chapter 4.  

 

The base risk for each of the four outcomes (macrosomia, hypertensive disorder, 

caesarean section rate and preterm birth < 37 weeks) was calculated within the 2014 

control group and the relative risk increase applied to the “cases missed”. The relative 

risk increase for macrosomia and hypertensive disorder was 2 and for caesarean section 

and preterm birth <37 weeks was 1.456. It was therefore possible to calculate the 

number of cases of each outcome that were hypothetically attributable to under-

diagnosis of GDM during this period. 

 

It became apparent early that attributing a gross cost to each of these outcomes would 

not be valid. Although there are accessible data for the difference in cost between a 

caesarean section and a vaginal birth, the other outcomes were more problematic. 

Each of the remaining three outcomes have been addressed individually. 

 

The vast majority of the costs for preterm births result from bed-days within SCN/NICU. 

The likelihood of admission to SCN/NICU and the median number of bed-days is 

directly related to the degree of prematurity. For instance, at 36 weeks a baby is very 

unlikely to be admitted to SCN/NICU and is usually treated the same as if born at term. 

However, at 28 weeks a baby definitely will be admitted to SCN/NICU and require a 

prolonged stay with a number of interventions. Without the relative risk at each 
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gestation being specified by HAPO3, it is not valid to attempt to cost a birth < 37 weeks 

compared with a birth > 37 weeks. 

 

Similarly, the cost of being diagnosed with a hypertensive disorder of pregnancy 

depends on the gestation at which it is diagnosed and the severity of its progression. It 

can range from a late, mild presentation which requires one course of investigations 

(for example a urine protein screen and baseline bloods), to a fulminant, early, 

presentation with early admission to hospital including a multidisciplinary team and 

possible High Dependency Unit/Intensive Care Unit involvement. The cost disparity 

across the spectrum is unacceptably high and, like prematurity, without further data 

from the study up0n which the criteria from GDM are based, a costing estimation is not 

valid. Although there has been a recent attempt to cost preeclampsia in the United 

States81, and a costing report exists from the National Institute for Health and Clinical 

Excellence in the United Kingdom82, no such analysis has been published in Australia. It 

should also be noted that the United States report81 acknowledges the burden of 

prematurity as disproportionately adding to the cost of care – a difficulty addressed in 

the preceding paragraph. 

 

Finally, the cost of macrosomia is possibly the most problematic. As with all neonatal 

costs, the majority surround admission to SCN/NICU and the initial study plan was to 

assess the risk of a baby with macrosomia being admitted to SCN/NICU and apply this 

as an average to the number of “missed cases” calculated from 2014. This approach was 

problematic for two reasons. Firstly, it became clear that very few of these babies had 

serious birth trauma, an outcome which thankfully is still very rare. Secondly, our 

hospital policy changed in 2015 from treating babies with hypoglycaemia (the most 

common complication of macrosomia) in SCN to treating them on the ward with oral 

glucose gel (unless they were very unwell). This protocol change introduced bias 

favouring the 2016 group.  

 

Therefore, it was not possible to calculate the gross costs for the number of cases of 

adverse outcome avoided. It was, however, possible to calculate the known increase in 

cost from an avoidable caesarean section and estimate a “worst case scenario” for two 
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of the other outcomes. This would occur if all babies with macrosomia and all babies 

born less than 37 weeks were admitted to the special care nursery for the median bed-

stay with the residual costs needing to be borne by those with a hypertensive disorder 

of pregnancy. If the “worst-case scenario” cannot create short-term economic parity 

with increased costs of care, then the various possibilities from better outcomes would 

have an even wider gap. This analysis was performed as a modelling exercise after 

appropriate validity consultations with health economists. 
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Chapter 4 

Overall Outcomes 2014 versus 2016 

 

 

4.1 Overall Demographics 

 

The demographics of the 2014 and 2016 cohorts of all deliveries are shown in Table 1. 

 

Table 1 Demographics of the 2014 and 2016 cohorts 

 2014 2016 p-value 

Deliveries 7010 7488 n/a 

Age (yr) 30.9 (30.8 – 31.0) 31.2 (31.1 – 31.3) 0.0016 

BMI 24.8 (24.7 – 24.9) 24.7 (24.6 – 24.8) 0.28 

PCOS 1.57% 2.02% 0.043 

Smoking 4.65% 4.05% 0.075 

Parity ≥ 1 46.1% 44.9% 0.18 

Previous LUSCS 13.7% 13.7% 0.45 

 

The 2016 cohort was significantly older statistically but the absolute increase was less 

than a year. The incidence of PCOS rose, however the overall incidence in both years 

was very low and likely to be a source of information bias (i.e. this was probably under-

reported by patients or referring doctors to the booking midwife). There were no 

differences in BMI, smoking, parity or history of previous LUSCS. 
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4.2 Overall Maternal Outcomes 

 

The maternal outcomes are summarised in Table 2. 

 

Table 2 Overall Maternal Outcomes in 2014 and 2016 

 2014 2016 p-value 

Hypertensive disorder 4.74% 4.82% 0.81 

Induction of labour 34.3% 36.4% 0.01 

Overall LUSCS rate 28.0% 27.6% 0.63 

Emergency LUSCS rate 15.5% 14.3% 0.05 

Instrumental birth 18.8% 20.2% 0.03 

Third degree tear 3.1% 2.6% 0.09 

PPH 24.0% 23.6% 0.51 

 

There was an increase in inductions of labour in 2016 and a similar rise in instrumental 

birth rates. The absolute increases were low at 2.1% and 1.4% respectively, however in 

a hospital with such a large number of deliveries, this represents an increase of 160 

inductions of labour and 107 instrumental births above 2014 levels. Despite this 

increase in inductions of labour, there was not a corresponding increase in emergency 

caesarean section rates. There were no differences in hypertensive disorders, the 

overall LUSCS rate and third degree tears. 

 

  



 39 

4.3 Overall Fetal Outcomes 

 

The fetal outcomes are summarized in Table 3.  

 
Table 3 Overall Fetal Outcomes in 2014 and 2016 

 2014 2016 p-value 

EGA  38.6 (38.6 – 38.7) 38.6 (38.5 – 38.6) 0.18 

Stillbirth 0.51% 0.53% 0.86 

NND 0.41% 0.21% 0.03 

Hypoglycaemia 2.20% 2.27% 0.77 

Respiratory distress 2.00% 2.27% 0.26 

Jaundice requiring 

phototherapy 

1.60% 1.80% 0.34 

Birth trauma 2.03% 0.37% < 0.001 

Apgar < 7 at 5 min 3.99% 3.82% 0.59 

Birth < 37 weeks 9.20% 8.96% 0.62 

Birth < 34 weeks 4.17% 4.34% 0.61 

Shoulder dystocia 1.46% 1.75% 0.16 

Admission to NICU 4.56% 4.89% 0.36 

Admission to SCN 7.62% 7.17% 0.31 

Birthweight (g) 3289 (3274 – 3304) 3275 (3271 – 3293) 0.21 

Birthweight > 95% 4.31% 3.61% 0.03 

Birthweight > 90% 8.28% 7.86% 0.36 

Birthweight < 10% 8.18% 8.27% 0.85 

 

There were statistically significant reductions in neonatal deaths and birth trauma in 

2016 compared to 2014. The latter was due to an alteration in coding for birth trauma 

for the 2016 cohort. Birth trauma could only be recorded in 2016 if it required treatment 

and if documentation was sufficient to clearly link an abnormality to the delivery. Prior 

to this, any injury recorded at birth was also coded as birth trauma. There was also a 
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significant reduction in birthweight > 95th%, albeit with an absolute reduction of only 

0.7%. The were no other statistically significant changes. 

 
4.4 Demographics in Women with no Diabetes Mellitus 

 

The demographics of women in each year who did not have diabetes mellitus 

(gestational or pre-existing) are summarised in Table 4. 

 
Table 4 Demographics of Women with no Diabetes Mellitus 

 2014 2016 p-value 

Deliveries 6533 6646 n/a 

Age (yr) 30.9 (30.7 – 31.0) 31.1 (30.9 – 31.2) 0.024 

BMI 24.6 (24.5 – 24.8) 24.4 (24.3 – 24.5) 0.011 

PCOS 1.48% 1.82% 0.131 

Smoking 4.62% 4.24% 0.291 

Parity ≥ 1 45.8% 44.2% 0.066 

Previous LUSCS 13.2% 12.7% 0.36 

 

There was a statistically significant increase in age and decrease in BMI in 2016 

compared to 2014 but the absolute values were very small (2 months and 0.2 kg/m2 

respectively). 

 

  



 41 

4.5 Maternal Outcomes in Women with no Diabetes Mellitus 

 

The maternal outcomes of those without diabetes mellitus are summarized in table 5. 

 

Table 5 Maternal Outcomes of Women with no Diabetes Mellitus 

 2014 2016 p-value 

Hypertensive disorder 4.59% 4.75% 0.65 

Induction of labour 33.2% 34.9% 0.06 

Overall LUSCS rate 26.9% 26.1% 0.30 

Emergency LUSCS rate 15.2% 14.1% 0.06 

Instrumental birth 18.8% 20.6% 0.008 

Third degree tear 3.0% 2.7% 0.09 

PPH 23.7% 23.2% 0.57 

 

The only outcome of statistical significance was a rise in instrumental birth rates from 

18.8 to 20.6% which mirrored the same finding in the overall population. There was not 

a statistically significant increase in induction of labour rates (in contrast to the overall 

cohort). 
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4.6 Fetal outcomes in Women with no Diabetes Mellitus 

The fetal outcomes are summarized in table 6. 

 

Table 6 Fetal Outcomes of Women with no Diabetes Mellitus 

 2014 2016 p-value 

EGA  38.6 (38.5 – 38.7) 38.5 (38.4 – 38.6) 0.18 

Stillbirth 0.46% 0.56% 0.43 

NND 0.44% 0.21% 0.02 

Hypoglycaemia 1.56% 1.67% 0.62 

Respiratory distress 1.93% 2.30% 0.14 

Jaundice requiring 

phototherapy 

1.52% 1.75% 0.30 

Birth trauma 1.97% 0.36% < 0.001 

Apgar < 7 at 5 min 3.90% 3.84% 0.84 

Birth < 37 weeks 8.71% 8.49% 0.64 

Birth < 34 weeks 4.00% 4.33% 0.33 

Shoulder dystocia 1.39% 1.87% 0.03 

Admission to NICU 4.35% 4.80% 0.21 

Admission to SCN 6.90% 6.88% 0.95 

Birthweight (g) 3297 (3282 – 3313) 3284 (3269 – 3300) 0.24 

Birthweight > 95% 4.30% 3.64% 0.04 

Birthweight > 90% 7.75% 7.36% 0.41 

Birthweight < 10% 8.18% 8.35% 0.73 

 

There was a statistically significant decrease in birth trauma between 2014 and 2016 for 

reasons previously explained in section 4.3. There was a small but significant reduction 

in neonatal deaths which remained unexplained. There was a decrease in birthweight > 

95% and an increase in shoulder dystocia rates with small absolute changes. No other 

outcomes reached statistical significance. 
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4.7 Summary of Outcomes in 2014 versus 2016 

 

There was a small increase in age of just under 4 months and a small increase in 

reported preexisting polycystic ovarian syndrome (from 1.57% to 2.02%) in 2016. The 

latter probably represents sampling error as the prevalence is much smaller than 

historically reported rates83. These small statistically significant differences are not 

clinically significant and do not suggest a change in background risk factors associated 

with GDM. 

 

There were small increases in induction of labour rates (34.3% to 36.4%) and 

instrumental births (18.8% to 20.2%) overall in 2016. There was a halving in neonatal 

deaths (0.41% to 0.21%) which was specific to the non–diabetic population. Although 

absolute rates were low, this hospital-wide finding was unexplained. There was a 

decrease in birth trauma due to stricter coding practices with conditions erstwhile 

categorized as trauma no longer being similarly coded. The finding of most interest to 

a change in practice with regards to diagnosing gestational diabetes was a decrease in 

birthweight >95th% from 4.31% to 3.61%. However, this was also mirrored in the non-

diabetic population and it should be noted that the HAPO study defined large-for-

gestational age as >90th%3, an outcome which was unaltered between years. A contrary 

argument is that birthweight charts and centiles change over the years and some 

women labelled as non-diabetic in 2014 would be now included as having diabetes in 

2016, which could also account for the decrease in the non-diabetic population.  

 

Overall, there is a small but significant drop in the rate of extremely large babies for 

gestation which may be associated with the change in diagnostic criteria. No other 

finding met statistical and clinical significance. 

 

  



 44 

Chapter 5 

Gestational Diabetes Outcomes within 2014 and 2016  

 

 

5.1 Demographics of Women with GDM versus Controls in 2014 

 

In 2014, there were 416 women and babies with GDM (after excluding multiple 

pregnancy) and 6533 women and babies were eligible for analysis as controls (after 

excluding multiple pregnancy and pre-existing diabetes), thus giving an annual 

incidence of 6.0%. 

 

The demographics of women with GDM versus women with no DM in 2014 are 

summarised in table 7. 

 

Table 7 Demographics GDM versus no GDM 2014 

 GDM No DM p-value 

Deliveries 416 6533 n/a 

Age (yr) 31.8 (31.3 – 32.3) 30.9 (30.7 – 31.0) 0.0005 

BMI 27.2 (26.6 – 27.8) 24.6 (24.5 – 24.8) >0.0001 

PCOS 2.64% 1.48% 0.064 

Smoking 4.33% 4.62% 0.078 

Parity ≥ 1 50.0% 45.8% 0.09 

Previous LUSCS 18.7% 13.2% 0.002 

 

Women with GDM were significantly likely to be older, have a higher BMI and have had 

a previous caesarean section. Absolute differences in age and BMI were small with a 

mean of less than a year in age, and less than 3 kg/m2 respectively. The chance of having 

a previous caesarean section was more clinically significant with an absolute increase 

risk 5.5% and relative increase risk of 41.2%. 
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5.2 Maternal Outcomes of Women with GDM versus Controls in 2014 
 

The maternal outcomes of women with GDM in 2014 versus women with no DM are 

summarised in Table 8. 

 

Table 8 Maternal Outcomes GDM versus no GDM 2014 

 GDM No DM p-value 

Hypertensive disorder 4.57% 4.59% 0.98 

Induction of labour 49.0% 33.3% <0.0001 

Overall LUSCS rate 38.9% 26.9% <0.0001 

Emergency LUSCS rate 17.12% 15.2% 0.31 

Instrumental birth 20.0% 18.8% 0.55 

Third degree tear 5.29% 2.98% 0.009 

PPH 29.1% 23.7% 0.01 

 

In 2014, women with GDM were more likely to have an induction of labour, and more 

likely to have a caesarean section but not more likely to have an emergency caesarean 

section. This remained significant when adjusted for those who had had a previous 

caesarean section (p<0.0001). They were also more likely to have a third degree tear 

and a post-partum haemorrhage.  
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5.3 Fetal Outcomes in Women with GDM versus Controls in 2014 

 

The fetal outcomes of women with GDM versus those with no DM in 2014 are 

summarised in Table 9. 

 

Table 9 Fetal Outcomes GDM versus no GDM 2014 

 GDM No DM p-value 

EGA  37.8 (37.6 – 38.1) 38.7 (38.7 – 38.8) <0.0001 

Stillbirth 1.20% 0.46% 0.04 

NND 0.44% 0% 0.17 

Hypoglycaemia 9.62% 1.56% <0.0001 

Respiratory 

distress 

2.64% 1.93% 0.31 

Jaundice requiring 

phototherapy 

2.16% 1.52% 0.30 

Birth trauma 2.88% 1.96% 0.20 

Apgar < 7 at 5 mins 4.57% 3.90% 0.50 

Birth < 37 weeks 12.3% 8.71% 0.01 

Birth < 34 weeks 6.00% 4.00% 0.04 

Shoulder dystocia 1.68% 1.39% 0.63 

Admission to NICU 6.49% 4.35% 0.04 

Admission to SCN 12.5% 6.90% <0.0001 

Birthweight (g) 3151 (3089 – 3213) 3297 (3282 – 3313) <0.0001 

Birthweight > 95% 6.49% 3.91% 0.01 

Birthweight > 90% 11.5% 7.75% 0.006 

Birthweight < 10% 9.13% 8.18% 0.49 

 

There were a number of fetal outcomes that were statistically and clinically significantly 

higher in babies of women with GDM in 2014 compared with controls. Babies were 

likely to be born earlier and had a higher risk of both preterm birth less than 37 and less 

than 34 weeks. They were more likely to be stillborn, however of the five stillbirths in 
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the women with GDM, three were for congenital anomalies diagnosed before GDM, 

one was for severe growth restriction probably related to early-onset preeclampsia, and 

one was unexplained. They were more likely to be admitted to both NICU and SCN. 

Although the mean birthweight was lower, babies were more likely to be greater than 

the 95th% and greater than the 90th% for gestation. The lower mean birth weight is 

likely related to the earlier gestation at delivery. 

 

5.4 Demographics of Women with Diet Controlled GDM versus Women with Insulin 

Controlled GDM in 2014 

 

Of the 416 women with GDM in 2014, 210 (50.5%) were managed with dietary measures 

and 206 (49.5%) were managed with insulin.  

 

The demographics of women with GDM (diet controlled) versus women with GDM 

(insulin controlled) are summarised in Table 10. 

 

Table 10 Demographics GDM Diet versus GDM Insulin 2014 

 GDM Diet GDM Insulin p-value 

Deliveries 210 (50.5%) 206 (49.4%) n/a 

Age (yr) 31.5 (30.8 – 32.2) 32.0 (31.3 – 32.7) 0.32 

BMI 25.8 (25.0 – 26.6) 28.7 (27.7 – 29.6) >0.0001 

PCOS 3.33% 1.94% 0.78 

Smoking 4.29% 4.37% 0.97 

Parity ≥ 1 43.8% 56.3% 0.01 

Previous LUSCS 14.8% 21.8% 0.04 

 

Women who eventually required insulin were more likely to have a higher BMI, be 

multiparous and have had a previous caesarean section. However, the mean BMI 

increase was small enough to not move from the overweight (25-30 kg/m2) range to the 

obese range (30-35 kg/m2) range. The difference in parity and previous caesarean 

section was great enough to represent clinical significance. 
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5.5 Maternal Outcomes of Women with Diet Controlled GDM versus Women with 

Insulin Controlled GDM in 2014 

 

The maternal outcomes of women with GDM (diet controlled) versus GDM (insulin 

controlled) are summarised in Table 11. 

 

Table 11 Maternal Outcomes GDM Diet versus GDM Insulin 2014 

 GDM Diet GDM Insulin p-value 

Hypertensive disorder 4.29% 4.85% 0.78 

Induction of labour 43.3% 54.9% 0.02 

Overall LUSCS rate 34.3% 43.7% 0.04* 

Emergency LUSCS rate 16.7% 17.5% 0.83 

Instrumental birth 20.5% 19.4% 0.78 

Third degree tear 5.71% 4.85% 0.70 

PPH 29.5% 28.6% 0.84 

*no longer significant when adjusted for previous caesarean section 

 

Women who required insulin therapy were more likely to be induced and more likely to 

have a caesarean section. However, they were not more likely to have an emergency 

caesarean section, and this finding no longer reached statistical significance when 

adjusting for the increased rate of previous caesarean section (p=0.24). 
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5.6 Fetal Outcomes of Women with Diet Controlled GDM versus Women with 

Insulin Controlled GDM in 2014 

 

The fetal outcomes of women with GDM (diet controlled) versus GDM (insulin 

controlled) are summarised in Table 12. 

 

Table 12 Fetal Outcomes GDM Diet versus GDM Insulin 2014 

 GDM Diet GDM Insulin p-value 

EGA  37.9 (37.5 – 38.3) 37.7 (37.5 – 38.1) 0.63 

Stillbirth 1.90% 0.49% 0.18 

NND 0% 0% n/a 

Hypoglycaemia 9.05% 10.2% 0.69 

Respiratory distress 2.38% 2.91% 0.74 

Jaundice requiring 

phototherapy 

2.38% 1.94% 0.76 

Birth trauma 1.43% 4.37% 0.07 

Apgar < 7 at 5 mins 5.24% 3.88% 0.51 

Birth < 37 weeks 13.8% 10.7% 0.33 

Birth < 34 weeks 8.57% 3.40% 0.03 

Shoulder dystocia 1.43% 1.94% 0.68 

Admission to NICU 8.57% 4.37% 0.08 

Admission to SCN 11.9% 13.1% 0.71 

Birthweight (g) 3081 (2984 – 3178) 3223 (3147 – 3299) 0.02 

Birthweight > 95% 4.29% 8.74% 0.07 

Birthweight > 90% 7.14% 16.0% 0.005 

Birthweight < 10% 10.5% 7.77% 0.34 

 

Babies of women with GDM who required insulin were significantly more likely to have 

a baby >90th% and less likely to have a preterm birth less than 34 weeks. 
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5.7 Demographics of Women with GDM versus Controls in 2016 

 

In 2016, there were 774 women and babies with GDM (after excluding multiples) and 

6646 women and babies were eligible for analysis as controls (after excluding multiple 

pregnancy and pre-existing diabetes), thus giving an annual incidence of 10.4%. 

 

The demographics of women with GDM versus women with no DM in 2016 are 

summarised in Table 13. 

 

Table 13 Demographics GDM versus no GDM 2016 

 GDM No DM p-value 

Deliveries 774 6646 n/a 

Age (yr) 32.2 (31.8– 32.5) 31.1 (30.9 – 31.2) >0.0001 

BMI 27.1 (26.6 – 27.5) 24.4 (24.2 – 24.5) >0.0001 

PCOS 3.49% 1.82% 0.002 

Smoking 2.07% 4.24% 0.004 

Parity ≥ 1 50.3% 44.2% 0.001 

Previous LUSCS 20.8% 12.7% <0.0001 

 

Women with GDM were more likely to be older, have a greater BMI, have a diagnosis 

of PCOS, and be multiparous, in accordance with known risk factors for GDM. They 

were also more likely to have had a previous caesarean section and less likely to be a 

smoker. 
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5.8 Maternal Outcomes of Women with GDM versus Controls in 2016 

 

The maternal outcomes of women with GDM versus women without DM in 2016 are 

summarised in Table 14. 

 

Table 14 Maternal Outcomes GDM versus no GDM 2016 

 GDM  No DM p-value 

Hypertensive disorder 4.13% 4.75% 0.44 

Induction of labour 49.0% 34.9% <0.0001 

Overall LUSCS rate 37.3% 26.1% <0.0001 

Emergency LUSCS rate 11.5% 10.3% 0.23 

Instrumental birth 17.3% 20.6% 0.03* 

Third degree tear 2.58% 2.66% 0.90 

PPH 26.5% 23.2% 0.04 

• No longer significant when adjusted for caesarean section (p=0.89) 

Women with GDM in 2016 were more likely to have an induction of labour. They were 

more likely to have a caesarean section but not more likely to have an emergency 

caesarean section thus having a greater rate of planned procedures. This finding still 

reached statistical significance when adjusted for the higher previous caesarean section 

rate (p=0.0005). They were less likely to have an instrumental birth but this did not 

reach statistical significance after excluding those who had a caesarean section. They 

were more likely to have a PPH but the absolute risk was low at 3.2%. 

 

  



 52 

5.9 Fetal Outcomes in Women with GDM versus Controls in 2016 

 

The maternal outcomes of women with GDM versus those with no DM in 2016 are 

summarised in Table 15. 

 

Table 15 Fetal Outcomes GDM versus no GDM 2016 

 GDM No DM p-value 

EGA  38.0 (37.9 – 38.2) 38.7 (38.6 – 38.7) <0.0001 

Stillbirth 0.56% 0.39% 0.54 

NND 0.13% 0.21% 0.63 

Hypoglycaemia 5.94% 1.67% <0.0001 

Respiratory 

distress 

1.55% 2.30% 0.18 

Jaundice requiring 

phototherapy 

1.55% 1.75% 0.69 

Birth trauma 3.36% 3.84% 0.51 

Apgar < 7 at 5 mins 5.24% 3.88% 0.51 

Birth < 37 weeks 10.7% 8.49% 0.04 

Birth < 34 weeks 3.88% 4.33% 0.55 

Shoulder dystocia 0.65% 1.87% 0.01 

Admission to NICU 5.04% 4.80% 0.78 

Admission to SCN 7.75% 6.88% 0.37 

Birthweight (g) 3207 (3167 – 3248) 3284 (3269 – 3300) >0.0001 

Birthweight > 95% 4.52% 3.31% 0.08 

Birthweight > 90% 9.56% 7.36% 0.03 

Birthweight < 10% 7.75% 8.35% 0.57 

 

Babies of women with GDM were born mildly earlier (a mean gestation of less than a 

week) and more were born less than 37 weeks but not less than 34 weeks. They were 

more likely to be diagnosed with hypoglycaemia, a possible source of ascertainment 

bias as all babies of women with GDM are tested for hypoglycaemia and other babies 



 53 

are tested only with specific risk factors. They are less likely to have a shoulder dystocia 

despite being more likely to be >90th% for birthweight, and this still met statistical 

significance after controlling for the higher caesarean section rate in women with GDM 

(p=0.04). They were thus larger for gestational age but did not have a larger mean 

birthweight nor more likely to be at the extremes of weight (>95th% for birthweight). 

 

5.10 Demographics of Women with Diet Controlled GDM versus Women with 

Insulin Controlled GDM in 2016 

 

Of the 774 women with GDM in 2016, 413 (53.4%) were managed with dietary measures 

and 361 (46.6%) were managed with insulin.  

 

The demographics of women with GDM (diet controlled) versus GDM (insulin 

controlled) are shown in Table 16. 

 

Table 16 Demographics GDM Diet versus GDM Insulin 2016 

 GDM Diet GDM Insulin p-value 

Deliveries 413 (53.4%) 361 (46.6%) n/a 

Age (yr) 31.8 (31.4– 32.3) 32.5 (32.0 – 33.0) 0.06 

BMI 25.6 (25.0 – 26.1) 28.8 (28.1 – 29.5) >0.0001 

PCOS 3.63% 3.32% 0.82 

Smoking 1.94% 2.22% 0.78 

Parity ≥ 1 48.9% 51.8% 0.42 

Previous LUSCS 18.6% 20.3% 0.28 

 

Women had required insulin were more likely to have a higher BMI, with a mean 

increase of 3.2 kg/m2, which did not increase the mean category (overweight). No other 

demographic reached statistical significance. 
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5.11 Maternal Outcomes of Women with Diet Controlled GDM versus Women with 

Insulin Controlled GDM in 2016 

 

The maternal outcomes of women with GDM (diet controlled) versus GDM (insulin 

controlled) are summarised in Table 17. 

 

Table 17 Maternal Outcomes GDM Diet versus GDM Insulin 2016 

 GDM (Diet) GDM (Insulin) p-value 

Hypertensive disorder 4.60% 3.60% 0.49 

Induction of labour 44.8% 53.7% 0.01 

Overall LUSCS rate 30.8% 44.8% <0.0001 

Emergency LUSCS rate 13.8% 17.7% 0.13 

Instrumental birth 19.4% 15.0% 0.12 

Third degree tear 2.66% 2.49% 0.88 

PPH 23.2% 30.2% 0.03 

 

Women who required insulin were more likely to be induced and more likely to have a 

caesarean section (but not an emergency caesarean section). They were also more 

likely to have a PPH. Third degree tear and instrumental birth rates remained non-

significant when adjusting for mode of delivery (p=0.71 and p=0.83 respectively).  
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5.12 Fetal Outcomes of Women with Diet Controlled GDM versus Women with 

Insulin Controlled GDM in 2016 

 

The fetal outcomes of women with GDM (diet controlled) versus GDM (insulin 

controlled) are summarised in Table 18. 

 

Table 18 Fetal Outcomes GDM Diet versus GDM Insulin 2016 

 GDM (diet) GDM (insulin) p-value 

EGA  38.3 (38.1 – 38.5) 37.7 (37.5 – 38.9) 0.0001 

Stillbirth 0.48% 0.28% 0.64 

NND 0% 0.28% 0.28 

Hypoglycaemia 5.33% 6.65% 0.44 

Respiratory 

distress 

1.69% 1.39% 0.73 

Jaundice requiring 

phototherapy 

1.45% 1.66% 0.81 

Birth trauma 0.24% 0.83% 0.25 

Apgar < 7 at 5 mins 2.66% 4.16% 0.25 

Birth < 37 weeks 10.4% 11.1% 0.76 

Birth < 34 weeks 3.87% 3.88% 0.99 

Shoulder dystocia 0.73% 0.55% 0.77 

Admission to NICU 4.60% 5.54% 0.55 

Admission to SCN 6.78% 8.86% 0.23 

Birthweight (g) 3187 (3133 – 3241) 3230 (3168 – 3292) 0.30 

Birthweight > 95% 3.39% 5.82% 0.11 

Birthweight > 90% 7.26% 12.2% 0.02 

Birthweight < 10% 8.96% 6.37% 0.18 

 

Babies of women with GDM (insulin controlled) were born earlier but by a mean of less 

than a week. They were not more likely to be born preterm (less than 37 or less than 34 
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weeks). There were no differences in mean birthweight but they were more likely to be 

greater than the 90th% for birthweight for gestation (but not greater than the 95th%). 

 

5.13 Summary of Outcomes of Women with GDM within 2014 and 2016. 

 

In 2014, women with GDM were older (but by less than a year), had a higher BMI and 

were more likely to have had a previous caesarean section than those without GDM. 

They were more likely to be induced (in accord with practice guidelines) and were more 

likely to have a planned (but not emergency) caesarean section. This remained 

statistically significant after adjusting for a higher previous caesarean section rate. 

They were more likely to have a third-degree tear and a post-partum haemorrhage. 

 

The babies were, on average, born earlier and had a higher risk of both preterm birth 

less than 37 weeks and less than 34 weeks. They were more likely to be diagnosed with 

hypoglycaemia, however this was complicated by probable ascertainment bias. They 

were more likely to be admitted to NICU (6.49% versus 4.35%) and particularly SCN 

(12.5% versus 6.90%). They had a smaller birthweight but were more likely to be 

greater than the 90th and greater than the 95th% for gestational age (a potential 

paradox explained by the earlier average gestational age at birth). Despite this larger 

size they were less likely to have a documented shoulder dystocia. 

 

In 2014, women with GDM who required insulin had a higher BMI, and were more likely 

to be multiparous and have had a previous caesarean section than those who were diet 

controlled. They were more likely to be induced and more likely to have a planned 

caesarean section but this no longer reached significance when the higher rate of 

previous caesarean section was adjusted for. They were less likely to have a preterm 

birth less than 34 weeks but had larger babies and were more likely to have a 

birthweight greater than the 90th% for gestation (16.0% v 7.14%).  

 

Therefore, in 2014 the GDM cohort represented a higher risk cohort than those without 

DM in all areas: risk factors, maternal outcomes and fetal outcomes. The adverse 
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maternal outcomes were modest. Women who required insulin were at increased risk 

over those who were diet controlled particularly with regards to large babies. 

 

In 2016, women with GDM were older, had a higher BMI, and were more likely to have 

PCOS, be multiparous and have had a previous caesarean section than those without 

GDM. They were less likely to be smokers. They were more likely to be induced, more 

likely to have a planned but not emergency caesarean section, and more likely to have 

a post-partum haemorrhage. 

 

The babies were, on average, born earlier but by less than a week. They were more 

likely to be born prematurely, less than 37 weeks but not less than 34 weeks. They had 

a smaller mean birthweight but were more likely to be greater than the 90th% for 

gestation (9.56% versus 7.36%). Despite this, they were less likely to have a shoulder 

dystocia even controlling for the higher caesarean section rate. They were more likely 

to be diagnosed with hypoglycaemia with a similar ascertainment bias risk as the 2014 

cohort.  

 

In 2016, women with GDM who required insulin had a modestly increased BMI, were 

more likely to be induced and more likely to have a planned caesarean section. Their 

babies were born slightly earlier but were not more likely to be born preterm. They were 

more likely to be born >90th% birthweight for gestation (12.2% versus 7.26%) but not 

>95th%. 

 

Therefore, in 2016 the GDM cohort was also a higher risk cohort than those without DM 

with a similar increase in risk factors for GDM and adverse maternal outcomes to the 

2014 cohort. The adverse maternal outcomes were modest with small increases in 

planned caesarean sections. The outcomes for the babies seemed similar between the 

years, predominantly with a higher risk of a large baby and a higher risk of neonatal 

hypoglycaemia (with the proviso that this outcome is at risk of ascertainment bias). The 

babies were no longer at increased risk of admission to SCN or NICU, possibly due to a 

change in policy for admission for hypoglycaemia in 2015. Those who required insulin 



 58 

were at higher risk of having a large baby and a planned caesarean section. The 

comparison between the two years is detailed in Chapter 6.  
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Chapter 6 

Gestational Diabetes Outcomes in 2014 versus 2016 

 

 

6.1 Demographics of Women with GDM in 2014 versus Women with GDM in 2016 

 

There were 430 women diagnosed with GDM in 2014. After excluding multiple 

pregnancy, there were 416 women with GDM of which 210 (50.5%) were managed with 

dietary measures and 206 (49.5%) were managed with insulin.  

 

There were 792 women diagnosed with GDM in 2016. After excluding multiple 

pregnancy, there were 774 women with GDM of which 413 (53.4%) were managed with 

dietary measures and 361 (46.6%) were managed with insulin.  

 

The demographics of those with GDM in 2014 and 2016 are compared in Table 19. 

 

Table 19 Demographics GDM 2014 versus GDM 2016 

 2014 2016 p-value 

Deliveries 416 774 n/a 

Age (yr) 31.8 (31.3 – 32.3) 32.2 (31.8– 32.5) 0.17 

BMI 27.2 (26.6 – 27.8) 27.1 (26.7 – 27.6) 0.76 

PCOS 2.64% 3.49% 0.43 

Smoking 4.33% 2.07% 0.03 

Parity ≥ 1 50.0% 50.3% 0.93 

Previous LUSCS 18.8% 20.8% 0.69 

 

There was a statistically significant decrease in smoking rates in women with GDM 

between 2014 and 2016, with the absolute risk reduction being small at 2.26%. 

 

  



 60 

6.2 Maternal Outcomes of Women with GDM in 2014 versus Women with GDM in 

2016 

 

The maternal outcomes of those with GDM in 2014 and 2016 are compared in Table 20. 

 

Table 20 Maternal Outcomes GDM 2014 versus GDM 2016 

 2014 2016 p-value 

Hypertensive disorder 4.89% 4.51% 0.85 

Induction of labour 49.0% 49.0% 0.98 

Overall LUSCS rate 38.9% 37.3% 0.59 

Emergency LUSCS 

rate 

17.1% 15.6% 0.52 

Instrumental birth 20.0% 17.3% 0.26 

Third degree tear 5.29% 2.58% 0.016 

PPH 29.1% 26.5% 0.34 

 

The only outcome that reached significance was a decrease in third degree tears from 

5.29 to 2.5%. 
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6.3 Fetal Outcomes of Women with GDM in 2014 versus Women with GDM in 2016 

 

The fetal outcomes of those with GDM in 2014 and 2016 are compared in Table 21. 

 

Table 21 Fetal Outcomes GDM 2014 versus GDM 2016 

 2014 2016 p-value 

EGA  37.8 (37.6 – 38.1) 38.0 (37.9 – 38.2) 0.13 

Stillbirth 1.20% 0.39% 0.10 

NND 0.00% 0.13% 0.46 

Hypoglycaemia 9.62% 5.94% 0.02 

Respiratory distress 2.64% 1.55% 0.19 

Jaundice requiring 

phototherapy 

2.16% 1.55 0.44 

Birth trauma 2.88% 0.52% 0.001 

Apgar < 7 at 5 mins 4.57% 3.36% 0.30 

Birth < 37 weeks 12.3% 10.7% 0.42 

Birth < 34 weeks 6.01% 3.88% 0.10 

Shoulder dystocia 1.68% 0.65% 0.09 

Admission to NICU 6.49% 5.04% 0.30 

Admission to SCN 12.5% 7.75% 0.007 

Birthweight 3151 (3089 – 3213) 3207 (3167 – 3248) 0.12 

Birthweight > 95% 6.49% 4.52% 0.15 

Birthweight > 90% 11.5% 9.56% 0.28 

Birthweight < 10% 9.13% 7.75% 0.41 

 

There were statistically significant reductions in birth trauma, hypoglycaemia and 

admissions to SCN. The reductions in birth trauma mirrored those recorded in the 

overall and non-diabetic cohorts and were explained by the change in coding practice 

elaborated upon in section 4.3. The reduction in admissions to SCN were attributable 

to a change in policy in 2015 whereby babies with hypoglycaemia were treated on the 

ward with oral glucose gel before consideration of admission. Prior to this, admission 
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to SCN for management of hypoglycaemia was more common. Hypoglycaemia is no 

longer an outcome at risk of ascertainment bias as all babies from both cohorts were 

tested (as all patients had GDM). As there were no changes in protocols dealing with 

the management of GDM between 2014 and 2016, it is possible that the decreased risk 

of neonatal hypoglycaemia may be due to a lower risk cohort. 

 

6.4 Demographics of Women with Diet Controlled GDM in 2014 versus Women with 

Diet Controlled GDM in 2016 

 

The demographics of women with GDM (diet-controlled) in 2014 versus women with 

GDM (diet-controlled) in 2016 are summarised in Table 22. 

 

Table 22 Demographics GDM Diet 2014 versus GDM Diet 2016 

 GDM Diet 2014 GDM Diet 2016 p-value 

Deliveries 210 413 n/a 

Age (yr) 31.5 (30.8– 32.3) 31.9 (31.4– 32.3) 0.38 

BMI 25.8 (25.0 – 26.6) 25.6 (25.0–26.1) 0.59 

PCOS 3.33% 3.63% 0.85 

Smoking 4.29% 1.94% 0.08 

Parity ≥ 1 43.8% 48.9% 0.23 

Previous LUSCS 14.8% 18.6% 0.31 

 

There were no differences in demographics between 2014 and 2016 in this group. 
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6.5 Maternal Outcomes of Women with Diet Controlled GDM in 2014 versus Women 

with Diet Controlled GDM in 2016 

 

The maternal outcomes of women with GDM (diet-control) in 2014 versus women with 

GDM (diet-control) in 2016 are summarised in Table 23. 

 

Table 23 Maternal Outcomes GDM Diet 2014 versus GDM Diet 2016 

 GDM Diet 2014 GDM Diet 2016 p-value 

Hypertensive disorder 4.29% 4.60% 0.87 

Induction of labour 43.3% 44.8% 0.73 

Overall LUSCS rate 34.3% 30.1% 0.37 

Emergency LUSCS 

rate 

16.7% 13.8% 0.34 

Instrumental birth 20.5% 19.4% 0.74 

Third degree tear 5.71% 2.66% 0.06 

PPH 29.5% 23.2% 0.09 

 

There were no differences in outcomes between 2014 and 2016 in this group. 
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6.6 Fetal Outcomes of Women with Diet Controlled GDM in 2014 versus Women 

with Diet Controlled GDM in 2016 

 

The fetal outcomes of women with GDM (diet controlled) in 2014 versus women with 

GDM (diet controlled) in 2016 are summarised in Table 24. 

 

Table 24 Fetal Outcomes GDM Diet 2014 versus GDM Diet 2016 

 GDM Diet 2014 GDM Diet 2016 p-value 

EGA  37.9 (37.5 – 38.3) 38.3 (38.1 – 38.5) 0.04 

Stillbirth 1.90% 0.48% 0.09 

NND 0% 0% n/a 

Hypoglycaemia 9.05% 5.33% 0.08 

Respiratory distress 2.38% 1.69% 0.56 

Jaundice requiring 

phototherapy 

2.38% 1.45% 0.41 

Birth trauma 1.43% 0.24% 0.08 

Apgar < 7 at 5 mins 5.24% 2.66% 0.10 

Birth < 37 weeks 13.8% 10.4% 0.21 

Birth < 34 weeks 8.57% 3.87% 0.02 

Shoulder dystocia 1.43% 0.73% 0.09 

Admission to NICU 8.57% 4.60% 0.04 

Admission to SCN 11.9% 6.78% 0.03 

Birthweight 3081 (2984 – 3178) 3187 (3133 – 3241) 0.04 

Birthweight > 95% 4.29% 3.39% 0.58 

Birthweight > 90% 7.14% 7.26% 0.96 

Birthweight < 10% 10.5% 9.00% 0.54 

 

Babies of women with GDM (diet controlled) in 2014 were more likely to be born earlier 

by a mean of less than a week. They were also more likely to be born preterm less than 

34 weeks but not less than 37 weeks. This is possibly due to an over-representation of 

stillbirth in 2014 (with 4 out of 5 being in the GDM diet cohort) as noted in section 5.3. 
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They were more likely to be admitted to NICU and SCN, however, as previously noted, 

a change in policy in 2015 resulted in babies with hypoglycaemia being predominantly 

managed on the ward rather than in the nursery. They were more likely to have a 

smaller weight but were not more likely to be large or small for gestational age, a 

finding likely explained by the larger number of babies born prematurely. 

 

6.7 Demographics of Women with Insulin Controlled GDM in 2014 versus Women 

with Insulin Controlled GDM in 2016 

 

The demographics of women with GDM (insulin controlled) in 2014 versus women with 

GDM (insulin controlled) in 2016 are summarised in Table 25. 

 

Table 25 Demographics GDM Insulin 2014 versus GDM Insulin 2016  

 GDM Insulin 2014 GDM Insulin 2016 p-value 

Deliveries 206 361 n/a 

Age (yr) 32.0 (31.3– 32.7) 32.5 (32.0– 33.0) 0.24 

BMI 28.7 (27.7 – 29.6) 28.8 (28.2–29.5) 0.75 

PCOS 1.94% 3.32% 0.34 

Smoking 4.37% 2.22% 0.15 

Parity ≥ 1 56.3% 51.8% 0.30 

Previous LUSCS 21.9% 23.3% 0.87 

 

There were no differences in demographics in these groups between 2014 and 2016. 
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6.8 Maternal Outcomes of Women with Insulin Controlled GDM in 2014 versus 

Women with Insulin Controlled GDM in 2016 

 

The maternal outcomes of women with GDM (insulin controlled) in 2014 versus women 

with GDM (insulin controlled) in 2016 are summarised in Table 26. 

 

Table 26 Maternal Outcomes GDM Insulin 2014 versus GDM Insulin 2016 

 GDM Insulin 2014 GDM Insulin 2016 p-value 

Hypertensive disorder 4.85% 3.60% 0.47 

Induction of labour 54.9% 53.7% 0.80 

Overall LUSCS rate 43.7% 44.9% 0.79 

Emergency LUSCS rate 17.5% 17.7% 0.94 

Instrumental birth 19.4% 15.0% 0.17 

Third degree tear 4.85% 2.49% 0.13 

PPH 28.6% 30.2% 0.67 

 

There were no statistically significant differences in the maternal outcomes between 

2014 and 2016. 
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6.9 Fetal Outcomes of Women with Insulin Controlled GDM in 2014 versus Women 

with Insulin Controlled GDM in 2016 

 

The fetal outcomes of women with GDM (insulin controlled) in 2014 versus women with 

GDM (insulin controlled) in 2016 are summarised in Table 27. 

 

Table 27 Fetal Outcomes GDM Insulin 2014 versus GDM Insulin 2016 

 GDM Insulin 2014 GDM Insulin 2016 p-value 

EGA  37.8 (37.5 – 38.1) 37.7 (37.5 – 37.9) 0.77 

Stillbirth 0.49% 0.28% 0.69 

NND 0% 0.28% 0.45 

Hypoglycaemia 10.2% 6.65% 0.13 

Respiratory distress 2.91% 1.39% 0.21 

Jaundice requiring 

phototherapy 

1.94% 1.66% 0.81 

Birth trauma 4.37% 0.83% 0.005 

Apgar < 7 at 5 mins 3.88% 4.16% 0.88 

Birth < 37 weeks 10.7% 11.1% 0.88 

Birth < 34 weeks 3.40% 3.88% 0.77 

Shoulder dystocia 1.94% 0.55% 0.12 

Admission to NICU 4.37% 5.54% 0.54 

Admission to SCN 13.1% 8.87% 0.11 

Birthweight 3223 (3147 – 3299) 3230 (3168– 3292) 0.88 

Birthweight > 95% 8.74% 5.82% 0.19 

Birthweight > 90% 16.0% 12.2% 0.20 

Birthweight < 10% 7.77% 6.37% 0.53 

 

The only outcome of significance was a reduction in the birth trauma rate between 2014 

and 2016. As previously described, this may be attributable to a change in coding 

practices, resulting in stricter interpretation of what constitutes birth trauma (as 

described in Section 4.3). 
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6.10 Summary of Outcomes of Women with GDM in 2014 compared to 2016 

 

Between 2014 and 2016 the demographics of both groups were similar with only a small 

drop in smoking rates noted. There was a decrease in rates of third degree tears for the 

mother and a significant decrease in the rates of neonatal hypoglycaemia (9.62% to 

5.94%). This outcome, as noted, is no longer at risk of ascertainment bias for this 

chapter as all babies of women with GDM are tested for hypoglyaemia. The babies also 

had a decreased risk of birth trauma and admission to SCN but this likely represented 

changes in coding practices and admission practices respectively (as previously noted).  

 

Women with GDM (diet controlled) in 2014 and 2016 had no changes in demographics 

or maternal outcomes. In 2016, the babies had a lower risk of preterm birth less than 34 

weeks and a lower risk of admission to NICU. They also had higher birthweights but 

were no more likely to be macrosomic or small-for-gestational age.  

 

Women with GDM (insulin controlled) had no changes in maternal demographics or 

outcomes between 2014 and 2016. The babies had lower risks of birth trauma, probably 

for the change in coding practice previously alluded to. No other outcomes met 

significance. 
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Chapter 7 

Costing Analysis 

 

 

7.1 Antenatal costs of care 

 

The antenatal costs of care were determined for each of three groups: standard care, 

GDM (diet-controlled) and GDM (insulin-controlled) from 28 weeks (the end of the 

recommended period for routine screening for GDM). The institutional practice 

guidelines for the management of women with GDM did not differ in 2016 compared 

to 2014, so that although the diagnostic criteria altered, the management was the 

same. 

 

Clinic appointment costs were derived from “average occasions of service” as 

determined by the institutional Business Performance Reporting Unit. For group 

classes, the “average occasions of service” cost was divided by the average number of 

patients attending as determined by random audit of ten weeks of classes (this was six 

for all classes). The cost of a growth ultrasound was estimated by Medicare Benefit 

Schedule item number 55718. The cost of insulin was obtained from the Deputy 

Director of Pharmacy. The amount of insulin was averaged at one box of Protaphane® 

(insulin isophane) and one box of Novorapid® (insulin aspart) per patient. Although 

some patients needed more and some patients needed less, this was considered the 

most commonly prescribed combination in insulin-requiring women with GDM. The cost 

of glucometers and testing strips was obtained from the company (Roche Pty Ltd) via 

the institutional Diabetes Educators.  

 

Two specific treatment protocols were not required by all patients: specifically post-

dates monitoring (in standard care) and CTG monitoring (in GDM insulin-controlled). 

The institutional Quality and Safety Unit was able to determine the average percentage 

of women requiring post-dates care (at 15%). The number of women with GDM (insulin-
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controlled) requiring weekly CTG monitoring after 36 weeks was conservatively 

estimated at 50% and confirmed with random audit of 30 patients in each cohort. 

 

Figures are rounded to the nearest dollar and are in 2016 prices to avoid adjustment for 

changes in CPI. 

 

7.1 (i) Estimation of Costs for Standard (no GDM) care  

 

Standard care during the study period is predominantly midwifery-led with 

consultations at 3 weekly intervals to 36 weeks then fortnightly to delivery. A review 

with an obstetrician takes place at 36 weeks and, if required, at 41 weeks with a PDCC 

admission for CTG and ultrasound monitoring of well-being (15% of patients annually 

require this overdue care). 

 

The average care package is summarised below.  

 

5 midwifery clinics (weeks 28, 31, 34, 38, 40): $150 × 5 = $750 

1 x consultant or registrar clinic (week 36): $173 

If overdue (15% of patients) 

1 consultant or registrar clinic (week 41): $173 

1 pregnancy day care (PDCC) review with CTG: $646  

Total = $923 ($1742 if post-dates care) 

 

7.1 (ii) Estimation of Costs for GDM (Diet-Controlled) care 

 

Care for women with GDM (diet-controlled) during the study period was obstetrician 

led and is detailed in section 3.1. The average care package is summarised below.  

 

7 consultant clinics (weeks 28, 30, 32, 34, 36, 38, 39): $173 × 7 = $1211 

1 diabetes group education class: $258 ÷ 6 = $43 

5 diabetes education phone consultations: $62 × 5 = $310  

1 dietician group class: $200 ÷ 6 = $33 
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1 dietician individual clinic: $200 

1 physiotherapy group class $175 ÷ 6 = $29 

1 growth ultrasound: $100 

1 glucometer: $40 

1 box testing strips for glucometer: $60 

Total = $2026 

 

7.1 (iii) Estimation of Costs for GDM (Insulin-Controlled) care 

 

Care for women with GDM (insulin-controlled) was also obstetrician led with more 

frequent visits and often a second growth ultrasound. A one-on-one session is required 

with a diabetes educator to learn how to inject insulin and induction was planned 

earlier. This is detailed in section 3.1. 

 

The average care package is summarised below. 

 

8 consultant clinics (weeks 28, 30, 32, 34, 35, 36, 37, 38): $173 × 8 = $1384 

1 diabetes education group class: $258 ÷ 6 = $43 

1 diabetes education individual clinic: $258  

5 diabetes education phone calls: $62 × 5 = $310 

1 dietician group class: $200 ÷ 6 = $33 

1 dietician individual clinic: $200 

1 physiotherapy group class: $175 ÷ 6 = $29 

2 growth ultrasounds: $100 × 2 = $200 

1 box Protaphane® (insulin isophane): $35  

1 box Novorapid® (insulin aspart): $42 

CTG reviews (50% of patients) 

2 PDCC review for CTG: $646 × 2 = $1292  

Total = $2534 (if CTG review $3826) 
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7.1 (iv) Total Costs of Care 

 

The total costs of care for those with GDM (diet-controlled) are the total number of 

patients multiplied by the average cost of care. The calculation is the same for those 

with GDM (insulin-controlled) with the exception that 50% of patients required weekly 

CTG review from 36 weeks. This is detailed below. 

 

2014 

GDM diet controlled: 210 × $2026 = $425  460  

GDM insulin controlled: 0.5 × 206 × $2534 + 0.5 × 206 × $3826 = $655 080  

Total = $1 080 540 

 

2016 

GDM diet controlled: 413 × $2026 = $836 738 

GDM insulin controlled: 0.5 × 361 × $2534 + 0.5 × 361 × $3826 = $1 147 980 

Total = $1 984 718 

 

7.1(v) Cost Increases  

 

Three figures for the increase in cost of care are relevant. 

• Firstly, the gross cost increase between 2014 and 2016. This represents the total 

amount of increased cost for caring for women with GDM. 

• Secondly, the adjusted gross cost increase for the increased number of births. This 

represents the total amount of increased cost for caring for women with GDM if the 

birth rate had not increased. 

• Thirdly, the net cost increase. This takes into account the increased incidence and 

attributes a cost to the excess cases who would have otherwise had standard antenatal 

care (rather than the more intensive GDM care). 

 

The gross cost increase is calculated by the difference between the costs in 2016 and 

2014. 

Gross cost increase = $1 984 718 − $1 080 540 = $𝟗𝟎𝟒 𝟏𝟕𝟖 
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The gross cost increase adjusted for the increase (6.25%) in annual deliveries is 

calculated by the gross cost increase multiplied by 94%. 

Gross cost adjusted for increase in annual deliveries  

= 0.94 × $904 178 = $𝟖𝟒𝟗 𝟗𝟐𝟕 

If we apply the 2014 incidence of GDM to the 2016 cohort, we get a reasonable estimate 

of how many cases would have been diagnosed if the criteria did not change. We can 

therefore subtract this number from the true number diagnosed to estimate the 

number of cases who would have had routine care (rather than GDM care). 

 

Incidence of GDM in 2014 = 6.0% 

Incidence of GDM in 2014 x total number of deliveries in 2016 (excluding multiple 

pregnancy and pre-existing diabetes) = 0.06 × 7420 = 445 

Adjusted excess number of cases in 2016 = 774 − 445 = 329 

 

Therefore, there were 329 cases of GDM in 2016 who would have had normal care if 

2014 diagnostic criteria had applied. We can apply this number to the cost for “standard 

care” as follows (with 15% requiring post-dates care): 

0.85 × 329 × $923 + 0.15 × 329 × $1742 = $344 085 

 

Therefore, the net cost increase is the gross cost increase in care minus the adjusted 

cost for those who would have had routine care if the old criteria applied. 

 

Net cost increase = $904 178 − $344 085 = $𝟓𝟔𝟎 𝟎𝟗𝟑 

 

7.2 Adverse Outcomes Avoided 

 

As previously described, the incidence of GDM in 2014 was 6.0% and in 2016 was 10.4%. 

We can employ the reverse calculation to that used in 7.1(v) for net cost increase in 

order to estimate the potential number of missed cases in 2014 (i.e. calculate the 

number of cases in 2014 using the incidence of 2016).  
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Applying an incidence of 10.4% in 2014 would give the following number of patients 

diagnosed with gestational diabetes: 

0.104 × 6949 = 723 

There would have been 723 patients diagnosed with GDM in 2014 if the new 2016 

criteria had been used (as opposed to the 416 diagnosed under the old criteria). 

 

Therefore, the missing cases is determined by the hypothetical number of cases less 

the actual number of cases 

723 − 416 = 307 

 

There were potentially 307 “missed cases” of GDM in 2014. 

 

7.2(i) Macrosomia 

 

From the sub-analysis of the HAPO study6, there was a relative risk of 2 for macrosomia 

in those who had GDM but were untreated. 

 

In the 2014 cohort, there was a background rate of macrosomia (defined as >90th% for 

birth weight) of 7.5%. Therefore, in the “missed cases”, there would be a rate of 15%. 

The number of cases attributable to a missed diagnosis is defined as  

𝑁𝑁𝑒𝑤𝑒𝑟𝑎𝑡𝑒 − 𝑏𝐵𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑 𝑟𝑎𝑡𝑒𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑 𝑟𝑎𝑡𝑒 

In 2014, this would be calculated as: 

0.15 × 307 − 0.075 × 307 = 23 

We can assume there were approximately 23 cases of macrosomia attributable to a 

failed diagnosis. 

 

7.2(ii) Hypertensive disorder of pregnancy 

 

From the sub-analysis of the HAPO study6, there was a relative risk of 2 for hypertensive 

disorder of pregnancy in those who had GDM but were untreated. 
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In the 2014 cohort, there was a background rate of hypertensive disorder of pregnancy 

of 5.4%. Therefore, in the “missed cases”, there would be a rate of 10.8%. Using the 

same formula, the number of cases attributable to a missed diagnosis is 

0.108 × 307 − 0.054 × 307 = 16.6 

We can assume there were approximately 17 cases of hypertensive disorder of 

pregnancy attributable to a failed diagnosis. 

 

7.2(iii) Caesarean Section 

 

From the sub-analysis of the HAPO study6, there was a relative risk of 1.45 for caesarean 

section in those who had GDM but were untreated. 

 

In the 2014 cohort, there was a background caesarean section rate of 30.5%. Therefore, 

in the “missed cases”, there would be rate of 44.2%. Using the same formula, the 

number of cases attributable to a missed diagnosis is 

0.442 × 307 − 0.305 × 307 = 42.1 

We can assume there were approximately 42 caesarean sections performed 

attributable to a failed diagnosis. 

 

7.2(iv) Preterm birth less than 37 weeks 

 

From the sub-analysis of the HAPO study6, there was a relative risk of 1.45 for preterm 

birth < 37 weeks in those who had GDM but were untreated. 

 

In the 2014 cohort, there was a background rate of 11.3% for preterm birth < 37 weeks. 

Therefore, in the “missed cases”, there would be a rate of 16.4%. Using the same 

formula, the number of cases attributable to a missed diagnosis is 

0.164 × 307 − 0.113 × 307 = 15.7 

We can assume there were approximately 16 cases of preterm birth <37 weeks 

attributable to a missed diagnosis. 
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7.3 Comparison of Increased Antenatal Costs to Adverse Outcomes Avoided 

 

As demonstrated in section 7.1(v), there was a net increase in cost to the hospital of 

$560 093 in 2016 in the treatment of women with GDM. It has also been apparent that 

the only HAPO outcome with robust costing data available is caesarean section rates 

(as discussed in section 3.5).  

 

Considering caesarean sections: the difference between an uncomplicated caesarean 

section and an uncomplicated vaginal birth (both of which make up the vast majority of 

respective deliveries in the hospital) is $3200 per patient. Attributing 42 unnecessary 

caesarean sections because of a failed diagnosis of GDM leaves the hospital with an 

excess cost of 

42 × $3200 = $134 400 

 

We can deduct this from the net increase cost as follows 

 

$560 093 − $134 400 = $425 693 

 

Therefore, if the total estimation of the costs saved from the three remaining outcomes 

(hypertensive disorder of pregnancy, preterm birth < 37 weeks and macrosomia) is in 

excess of $425 693, the change in diagnosis can be assumed to have been beneficial 

with regards to short-term health costs. 

 

In considering those remaining three outcomes, there were potentially 23 cases of 

macrosomia, 17 cases of hypertensive disorder of pregnancy and 16 cases of preterm 

birth <37 weeks attributable to a missed diagnosis of GDM. These could be considered 

as 56 events.  

$425 693 ÷ 56 = $7602 

Therefore, each event would need to cost approximately $7600 to achieve a total of 

$425 693. This is unlikely for the following reasons. 
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As we have previously described, most of the cost from an adverse neonatal outcome 

is derived from admission to SCN/NICU. The average cost per bed-day in SCN/NICU 

during that time was $1425 and the median stay was 4 days. This is an average cost of 

$5700 per baby if admitted to SCN/NICU, with increased costs for those who stay longer 

or have multiple investigations or procedures, and decreased costs for those who stay 

shorter and have less investigations or procedures. If every single baby with 

macrosomia or preterm birth <37 weeks was admitted to SCN/NICU for the median bed 

stay this would cost: 

39 × $5700 = $222 300 

The remaining excess cost is: 

$425 693 − $222 300 = $203 393 

 

All remaining excess costs should be saved from patients with hypertensive disorders 

of pregnancy (of which there were potentially 17). 

$203 393 ÷ 17 = $11 964 

 

There would thus need to be an excess cost of $11 964 per patient with hypertensive 

disorder of pregnancy for the immediate costs to be justified. Without an adequate 

costing model for this outcome, it is not possible to prove or disprove this but such a 

high figure is improbable. 

 

7.4 Summary of Costs 

 

An increase in annual incidence of a diagnosis that invokes high-risk models of care will 

always have a concomitant increase in cost. In this population, the cost has been 

estimated at $904 178 (gross) and $849 927 (adjusted for an increase in annual 

deliveries in the hospital). A net cost increase, derived by attributing the costs of a low-

risk model of care to the increase in relative incidence, was estimated at $560 093. 

When examining the outcomes of interest and modelling a potential “worst-case 

scenario” to the adverse outcomes avoided, short term cost savings were not 

demonstrated. 
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Chapter 8 

Discussion 

 

 

A form of diabetes mellitus unique to and caused by pregnancy has been suspected 

since the 1950s15,16 and widely accepted since a landmark paper by O’Sullivan et al in 

19641. The ensuing decades have been notable for the debate surrounding the 

significance of such a condition, and whether there is immediate risk to the woman and 

the baby or whether there is solely a risk for developing future overt diabetes. Since the 

publication of two randomized controlled trials in the early 2000s2,4, there has been 

widespread acceptance that GDM does pose some degree of risk to the pregnancy and 

that treatment reduces this risk. 

 

Ongoing contention has surrounded the true degree of risk conferred and, particularly, 

how the condition should be diagnosed (i.e. at what level of hyperglycaemia 

practitioners should intervene). Although the large, multi-centre, international HAPO 

study3 aimed to clarify this, there has been a failure of international acceptance of the 

subsequent IADPSG/WHO guidelines6 with concerns predominantly around what is an 

acceptable annual incidence, whether outcomes studied represented a sufficiently 

severe clinical spectrum and if adopting new criteria is economically justified.  

 

In the United States, the IADPSG/WHO guidelines are one of several recommended 

options for screening54; but the latest studies suggest that maintaining the “status quo” 

with the commonly used two-step Carpenter-Coustan criteria46 has equally good 

pregnancy outcomes56 or, possibly, superior outcomes57 pending the results of future 

prospective trials55. In Canada, the IADPSG/WHO guidelines are one of two possible 

screening options accepted but with preference directed toward an initial screening 

test with a non-fasting GCT and alternative cut-offs on the GTT59. In the UK, they have 

not been accepted as routine care at all, with initial screening based on risk factors and 

subsequent different GTT levels for final diagnosis60. 
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Attempts at economic analyses have also been generally unsupportive of the change. 

Authors in the UK have been the most categorical with a recent study in the British 

Medical Journal suggesting a net monetary benefit of £239 902 (relative to no 

treatment) with the current NICE-endorsed system60 as opposed to £186 675 for the 

new IADPSG/WHO5,6 criteria at a cost-effectiveness threshold of £30 000 per quality-

adjusted life year61. For women without pre-existing risk factors for GDM, both systems 

had negative net monetary benefits compared to no-treatment. 

 

In Australia, the guidelines were endorsed by ADIPS in 201452 following a prior 

endorsement by the World Health Organization5 and became commonly used in 2015. 

This has seen an almost universal increase in diagnoses with conservative estimates 

initially at a 20% increase7 and more recent epidemiological analyses at 33%84 or even 

up to double9. In the major tertiary institution where this study was performed, there 

has been an immediate annual increase in incidence of 75% with obvious implications 

for clinical workload and budgetary strain under current high-risk models of care. The 

present study has been designed with this in mind, to assess clinical health outcomes, 

to estimate the potential adverse outcomes avoided, to assess new costs in clinical care 

and to attribute a cost to the adverse outcomes avoided. The calendar year 2014 was 

appropriate as the last full year of diagnosis under the old criteria10 and the calendar 

year 2016 as the first full year of the new criteria52. 

 

Our initial analysis of the background risk factors for GDM of the hospital population 

demonstrated no significant changes between 2014 and 2016. This result was 

suspected as there had been no change in the hospital catchment area in this time and 

no change in the regulations surrounding acceptance of external referrals. Small 

changes in age and the diagnosis of PCOS were noted and, although statistically 

significant, they were not clinically significant due to small absolute values. PCOS, in 

particular, had suspiciously low rates of diagnosis and is likely a source of in-hospital 

sampling error in data collection.  

 

The outcomes of the overall population were also analysed in 2014 and 2016 for two 

reasons – firstly, to reconfirm no overall differences in the population and secondly, to 
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assess whether the change in criteria has resulted in better outcomes for the hospital 

as a whole. Maternal outcomes demonstrated a small but significant increase in 

induction of labour and instrumental birth rates, and fetal outcomes demonstrated 

decreases in neonatal death rates, birth trauma and birthweight >95th%. It may be 

initially tempting to assume that the increase in maternal intervention (induction of 

labour and instrumental births) has resulted in better fetal outcomes and that this 

might be attributable to the change in diagnosis. However, such an assumption is 

problematic. The birth trauma rates dropped because of a change in coding practices 

in the hospital and remained very rare. Neonatal death rate reductions were not 

explained and were only significant in the non-diabetic population. Hypotheses 

included offering care at earlier gestations (23 as opposed to 24 weeks) and increasing 

treatment options for conditions that may have in the past been considered lethal. It is 

noteworthy that there was not a corresponding drop in stillbirth rates. The drop in very 

large for gestational age babies (>95th%) could quite possibly be attributed to more 

active surveillance for milder degrees of hyperglycaemia but the decrease was very 

small (4.31% to 3.61%) and thus of questionable clinical significance. 

 

When examining the GDM cohort alone, it is evident that in both 2014 and 2016 they 

have higher rates of risk factors than control groups. In particular, women with GDM in 

both years were more likely to have had a previous caesarean section and have a higher 

BMI. In both years, the GDM group were more likely to have a planned caesarean 

section and this still met statistical significance once the higher background rate of 

previous caesarean section was controlled for. They were not more likely to have an 

emergency caesarean section. 

 

Under the older criteria for diagnosis10 in 2014, babies of women with GDM were more 

likely to be born preterm (both less than 37 weeks and less than 34 weeks) and more 

likely to be greater than the 90th% and 95th% for gestational age than babies of women 

without GDM. They were more likely to be admitted to NICU and SCN. Outcomes 

tended to be more pronounced if insulin was required for control rather than simple 

dietary modifications. 
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Under the new criteria for diagnosis6 in 2016, babies of women with GDM were also 

more likely to be born preterm but only less than 37 weeks (not less than 34 weeks) 

compared to babies of women without GDM. They were more likely to have a 

birthweight greater than the 90th% for gestational age but not greater than the 95th%. 

Women requiring insulin were more likely again to have a baby with birthweight greater 

than the 90th% than if diet-controlled. They were no longer more likely to be admitted 

to SCN/NICU compared to controls. 

 

It therefore seems that the outcomes for each year were fairly similar and, indeed, 

when comparing the GDM cohort in 2014 to the GDM cohort in 2016 there were 

relatively few significant changes. Women in 2016 were slightly less likely to have a 

third-degree tear and babies had a significant decrease in the diagnosis of 

hypoglycaemia. Decreased rates of birth trauma were confounded by a hospital wide 

change in how this is coded, with stricter rules as to what conditions were included. 

Decreased rates of admission to SCN were also confounded by a change in hospital 

policy with more babies with hypoglycaemia managed on the ward with oral glucose 

gel. There were no changes of significance when examining the diet-controlled and 

insulin-requiring groups separately. 

 

The main HAPO3 outcomes upon which the change in diagnostic critera were based 

were caesarean section rates, birthweight >90th%, neonatal hypoglycaemia, 

hypertensive disorder of pregnancy and preterm birth less than 37 weeks. The other 

outcomes of cord C-peptide and neonatal adiposity are not routinely measured in 

clinical practice. It is worthwhile considering these outcomes individually. 

 

In both 2014 and 2016, women with GDM have higher rates of planned (but not 

emergency) caesarean section than women without GDM. Despite the increased 

incidence of GDM in 2016, this has not resulted in a reduced overall caesarean section 

rate for the hospital and the caesarean section rates for those diagnosed with GDM 

have remained similar. 
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Overall there was a small drop in birthweight for gestation greater than the 95th% 

between 2014 and 2016. This did not meet statistical significance when all those greater 

than the 90th% were considered, and there were no changes to the risk of birthweight 

>90th% in the GDM population. Women with GDM are still more likely to have babies 

greater than the 90th% than those without GDM with the risk highest in those requiring 

insulin. Women with diet-controlled GDM (in both years) had similar risks to those 

without GDM.  

 

The hospital-wide rates of neonatal hypoglycaemia did not change between 2014 and 

2016 but there was a significant drop in the diagnosis of hypoglycaemia in babies of 

women with GDM between 2014 and 2016. There was no change in the rates of pre-

term birth less than 37 weeks between 2014 and 2016 in the hospital overall or in the 

women with GDM, however GDM does seem to increase the chance of preterm birth 

less than 37 weeks. There were no changes in hypertensive disorders of pregnancy in 

the hospital overall in the GDM group compared to controls or in the GDM groups 

compared between years. 

 

Therefore, it might be hypothesized that the hospital has experienced an overall drop 

in the risk of very large babies between 2014 and 2016 without a change in caesarean 

section rates and that the change in criteria might have caused a reduction in the rates 

of neonatal hypoglycaemia in babies of women with GDM (but not in the hospital 

overall). These are fairly modest changes in the outcomes upon which the new criteria 

are based and may be a result of relatively low baseline risk within the population at 

large but certainly do not, at face value, seem to be supportive of the need for change. 

 

It is clear that an increase in yearly incidence from 6.0% to 10.4% (or relative increase 

of about 73%) was going to increase costs of care given that GDM is inherently treated 

as a high-risk condition with models of care based on the intensive therapy described 

in randomized controlled trials2,4. There has been a gross cost increase of $904 178 to 

the hospital which could be adjusted to $849 927 to account for the higher relative 

number of births in 2016. The net cost increase (assuming the new diagnoses of GDM 

in 2016 received routine care in 2014) is estimated at $560 093 for a calendar year.  
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The change in diagnostic criteria for GDM was such that it is not possible to calculate 

the precise potential missed cases in 2014. This is because the non-fasting glucose 

challenge test was omitted in 2016 and a new 1-hour blood glucose value is taken on 

the fasting glucose challenge test. Therefore, costing adverse risks avoided must be 

done via modelling rather than with patient level data. Assessing an outcome like 

caesarean section is fairly straightforward, as there are clearly described costs related 

to length of stay in hospital, theatre equipment and so on. Calculating the likely missed 

cases from the 2014 cohort and reassigning them with a new risk of caesarean section 

reduced the net cost to the hospital to approximately $425 693. 

 

Assessing outcomes such as hypertensive disorder of pregnancy, preterm birth less 

than 37 weeks and macrosomia are much harder and depend very much on the severity 

and the amount of intervention required. Nonetheless, with our “worst-case scenario” 

model where it was assumed that all babies born less than 37 weeks and all babies with 

macrosomia were admitted to SCN and spent the median amount of time there, the 

net cost increase to the hospital would be reduced $203 393. This amount would need 

to be made up by the reduction in diagnoses of hypertensive disorder of pregnancy at 

an approximate cost of $11 964 per patient to make the change economically viable in 

the short term. 

 

Clearly not all babies born less than 37 weeks nor all babies with macrosomia are 

admitted to SCN, and it is highly unlikely that a diagnosis of hypertensive disorder of 

pregnancy would have an excess pregnancy cost of $11 964 per patient. On the 

converse side, it is important to remember the increased interest in these adverse 

neonatal outcomes and longer-term childhood health. Macrosomia may be associated 

with childhood and adolescent obesity85,86 and insulin resistance87,88. Caesarean section 

has been recently postulated to change the neonatal microbiome and possibly increase 

the risk of childhood autoimmune and allergic conditions89,90.  Even “moderate-late” 

preterm birth has been associated with childhood problems, such as developmental 

delay91. Avoiding or minimizing the risk of these outcomes may lead to longer term 

health benefits that would be justifiable economically and are worthy of further 
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research. There are likewise potential benefits to the mother including a reduced risk 

of future impaired glucose intolerance or type 2 diabetes, concomitant risk reductions 

in associated health problems (such as cardiac or renal disease), reductions in obesity 

and reductions in diagnoses of GDM in future pregnancies. The latter could result in a 

paradoxical short-term increase in incidence with a subsequent later decrease. 

 

The strengths of this study include the fact that Australia is one of the few western 

countries to fully adopt universal screening under the new IADPSG/WHO criteria for 

GDM and the cohort is not at risk of selection bias even with a retrospective analysis. 

The vast majority of outcomes of relevance are quantifiable, often binary and not at risk 

of measurement error. In this regard, complicated statistical methods are not required 

and, similarly, the known confounders for these outcomes are also risk factors for GDM 

and thus on the causative pathway. Other factors were relatively simple to control for 

through statistical methods (for example, previous caesarean section as a risk factor for 

caesarean section). Although the outcomes and groups (cases and controls) of interest 

are numerous and it is time-consuming to analyse all the permutations, the approach 

taken in the present study has led to a valid, and thorough investigation of the known 

outcomes of GDM and a comparison between different diagnostic approaches.  

 

As a major stand-alone tertiary obstetric hospital, it was possible to analyse large 

numbers of patients, all of whom received the same package of care. Management 

protocols for GDM and for routine antenatal care did not change within the study 

period. With this in mind, it was also possible to attribute a cost to different packages 

of care and analyse the economics of having a policy of applying them to large numbers 

of patients. This is, arguably, a more valid approach on a large scale than using patient-

level data, similar to an intention-to-treat approach in a randomized controlled trial. 

Very few patients were lost to follow-up (e.g. those delivered at an alternative hospital) 

and data collections systems within the hospital are well established and reliable. 

 

A retrospective cohort study always will have a potential weakness in methodology 

with well-known risks of various forms of bias. However, as there is universal screening 

for GDM and as the diagnostic criteria involve concrete numerical values (which are not 
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subject to measurement error), selection bias is likely to be minimal. A major weakness 

is the inevitable inability to identify the exact patients who were diagnosed as non-

diabetic in 2014 but would have been diagnosed as diabetic in 2016. This was not 

possible because the system of diagnosis (not just the level at which intervention is 

offered) was changed under the new criteria. If the same test was used in both years 

and it were simply a matter of the “bar being shifted”, it would be possible to identify 

the potential missed diagnoses in 2014 and examine their outcomes. This would be the 

preferred approach in an economic analysis. Nonetheless, a modelling approach based 

on the large numbers from the HAPO3 trial and the published relative risks of adverse 

outcome offers a reasonable compromise. After all, it was on avoiding these adverse 

outcomes upon which the current criteria are based.  

 

In conclusion, since adopting the IADPSG6 criteria for the diagnosis of GDM, the 

hospital has seen a marked increase in the annual incidence of GDM and a large increase 

in expenditure under high-risk management pathways for these women.  There has 

been a resultant small hospital-wide drop in neonatal birthweights greater than the 

95th% for gestation, but not in any other outcome upon which the new criteria were 

based. The GDM cohort, as a whole, has remained a higher risk cohort than non-

diabetic controls and this has not changed with the change in diagnostic criteria. There 

have been minimal changes in clinical outcomes in women with GDM between 2014 

and 2016, with the exception of a decrease in diagnoses of neonatal hypoglycaemia. 

This may be related to the inclusion of women with milder degrees of hyperglycaemia, 

a fact reflected by women with GDM (diet-controlled) being at no higher risk of any 

adverse outcome other than neonatal hypoglycaemia (an outcome at risk of 

ascertainment bias). 

 

This latter is an interesting point and although the study was not designed as a detailed 

analysis on the management of GDM, it is possible to compare the outcomes of women 

with GDM (diet-controlled) versus women without DM under the first calendar year of 

utilizing the new IADPSG/WHO criteria with regard to the main HAPO3 outcomes and 

their known associations. This is a reasonable exercise to demonstrate that this cohort 

should no longer be considered high-risk and targeting lower-risk management 
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pathways for this group may be the first step in minimizing cost increases. These 

outcomes are demonstrated in Table 28. 

 
Table 28 Overall Outcomes GDM Diet versus Controls 2016 

Outcome GDM (Diet-controlled) No DM p-value 

LUSCS* 23.1% 22.3% 0.80 

Emergency LUSCS* 16.7% 16.4% 0.89 

Hypertensive disorder 4.60% 5.00% 0.93 

Instrumental nirth* 22.3% 22.7% 0.96 

PPH 23.2% 23.2% 0.99 

Macrosomia >90th% 7.26% 7.36% 0.94 

Macrosomia >95th% 3.39% 3.31% 0.93 

SGA <10th% 8.9% 8.35% 0.66 

Hypoglycaemia 5.33% 1.67% <0.0001 

Shoulder dystocia** 1.06% 2.59% 0.11 

Preterm birth <37 weeks 10.4% 8.49% 0.18 

 

SCN admissions 6.78% 6.88% 0.94 

NICU admission 4.60% 4.80% 0.85 

*Adjusted for previous caesarean section 

**Adjusted for mode of delivery 

 

 

The hospital spends hundreds of thousands of dollars more on caring for women with 

GDM under the new criteria, both in net and gross estimations. Modelling of adverse 

outcomes avoided does not suggest that this cost is justified in the short-term. 

However, the HAPO trial upon which the criteria were based3 has robust methodology 

and large numbers and cannot be ignored. Avoiding various adverse outcomes may 

have long-term health benefits into maternal older-age and neonatal childhood, which 

may then have favourable health and cost implications. It may be that short-term costs 

could be minimized by using less intensive models of care, particularly for women 

whose GDM is easily controlled by dietary measures alone. Such re-direction of care 
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might employ less intensive fetal surveillance through ultrasound, the utilization of 

appropriately trained midwives or shared-care GPs, avoiding unnecessary inductions of 

labour and less frequent review at antenatal clinics. In the hospital where this study was 

conducted, such a pathway has been adopted and very basic initial changes have saved 

the hospital $150 000 in costs of care per year. However, important as such savings are 

at the hospital level, they do not necessarily translate directly to societal savings, given 

the complexity of hospital funding by government and the disconnect between such 

funding and health care outcomes. Nevertheless, such difficulties in economic analyses 

at the macro level should not detract from the desirability of seeking the best cost-

efficiency of individual hospital practice, as exemplified by the results of this present 

study. 
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Chapter 9 

Conclusions and Future Research 

 

 

The change in criteria for diagnosing GDM has resulted in a relative increase in annual 

incidence of over 70% and an annual net cost-of-care increase of approximately 

$560 000 (52%) annually. There has not been any significant improvement in clinical 

outcomes in the overall hospital population attributable to the change in practice. In 

particular, the outcomes upon which the diagnostic criteria are predominantly based 

(macrosomia, caesarean section, hypertensive disorder and pre-term birth less than 37 

weeks6) have not changed. Modelling adverse outcomes avoided using HAPO3 data 

does not suggest a cost saving in the short-term, although this was not necessarily what 

the HAPO3 criteria were based upon. 

 

Three specific areas of further research are likely to shed further light on the current 

management of gestational diabetes. Firstly, the examination of longer-term 

outcomes of women with GDM and their offspring is important. Given the increased 

risk of diabetes developing in later life for women who experience GDM , longer term 

analysis of the mother with regards to risk reductions of known complications of 

diabetes may reveal improvements from the lifestyle interventions initiated in 

pregnancy with the diagnosis of GDM. As well, health-related benefits may be 

identified by examining outcomes such as childhood obesity, diabetes, and 

developmental milestones in relation to the proposed reductions in macrosomia, 

caesarean sections and pre-term birth from IADPSG/WHO criteria6.  

 

Secondly, large economic analyses into the current management strategies for women 

with GDM are desirable, particularly if it is deemed appropriate to maintain universal 

screening for GDM under the new criteria. Such studies are lacking particularly with 

reference to Australian health pathways and economics. If the annual incidence of GDM 

is to remain higher than previously, cost-savings within current management pathways 

are likely to become increasingly important. 
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Finally, the time is ripe for randomized, controlled trials specifically examining the new 

IADPSG/WHO criteria in comparison to other internationally accepted criteria. 

Previous randomized controlled data are now over a decade old2,4, utilized different 

inclusion criteria and had findings that are now out of date in terms of informing and 

guiding correct practice. These trials also compared intensive antenatal care to routine 

care: there are no randomized controlled trials comparing two different methods of 

diagnosis utilizing the same subsequent care. There are also no randomized controlled 

studies specifically addressing the new criteria, a fact acknowledged by the latest 

Cochrane review67.  As current data on the outcomes of women with GDM under the 

IADPSG/WHO system are now increasingly available within Australia, it should be 

possible and ethical to design such a study. International collaboration would be 

desirable given the current heterogeneity in worldwide systems of diagnosis.  
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