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Abstract
In New Zealand the rise in gestational diabetes mellitus (GDM) prevalence reflects the current patterns of increasing obesity and diabetes. Approximately 61,000 
women give birth in New Zealand every year, and about 4.9% (6.6%) of those women have diabetes. Screening for gestational diabetes is recommended for all 
pregnant women in New Zealand, unless an earlier diagnosis of diabetes was made. Indigenous Maori women, Pacific Island, and Asian Indian women are populations 
genetically prone to diabetes, and have high rates of gestational and type 2 diabetes. Exposure of the foetus to maternal diabetes influences changes in birthweight, 
adiposity, and foetal insulin production. GDM and type 2 diabetes in Pacific Island and Maori new-borns were associated with higher birthweight, skinfold thicknesses, 
raised cord insulin, insulin peptides, and increased leptin concentrations. Pacific Island and indigenous Maori women gave birth to macrosomic new-borns, who 
commonly suffered postnatal hypoglycaemia, respiratory distress, and shoulder dystocia. The association between maternal obesity and SGA raises a concern as SGA 
is less likely to be detected in early pregnancy in obese women, while the association between SGA and socioeconomic status, initially observed in Maori and Pacific 
women, was explained by high cigarette smoking rates, and obesity in deprived areas.  

Abbreviations: GDM: Gestational diabetes mellitus; CVD: 
Cardiovascular disease; OGTT: Oral glucose tolerance test; NWH: 
National Women’s Hospital; LGA: Large for gestational age; SGA: 
Small for gestational age; AGA: Average for gestational age; HbA1c: 
Glycated haemoglobin 

Introduction 
It is becoming widely accepted that gestational diabetes mellitus 

(GDM) is related to some degree of glucose intolerance with onset or 
first recognition during pregnancy, and is the most common metabolic 
disorder during pregnancy [1,2]. GDM is becoming more common 
as the epidemic of obesity and type 2 diabetes continues [3]. The 
prevalence of diabetes for all age groups worldwide was 2.8% in 2000, 
and is estimated to reach 57% by 2030. During this 30 years period, the 
number of women of reproductive age is going to double [4].

In New Zealand the rise in GDM prevalence reflects the current 
patterns of increasing obesity and diabetes. According to the New 
Zealand Health Survey [5] the prevalence of obesity rose from 26% 
in 2006/07 to 29.9%. Approximately 61,000 women give birth in New 
Zealand every year, and about 4.9% (6.6%) of those women have 
diabetes. The prevalence of type 1 and type 2 diabetes, and GDM is rising 
among women of South Asian, Pacific Island, and Maori ethnicities 
[6]. Internationally, the prevalence of GDM varies between 1 and 22% 
in relation to differences in ethnic composition, age and obesity status 
[7]. Screening for GDM is recommended for all pregnant women in 
New Zealand, unless an earlier diagnosis of diabetes was made. Limited 
data are available on time trends in GDM in New Zealand [8]. Absolute 
numbers and prevalence rates have been increasing in recent decades. 
Even two decades ago, the 1994/95 records in South Auckland Hospital 
showed high prevalence of GDM in Māori (7.9%) and Pacific women 
(8.1%) who attended oral glucose challenge tests [9]. Pacific women 
were more likely to be screened (68.5%) when compared with Māori 
(47.3%), although both ethnic groups have high rates of GDM and 

type 2 diabetes.  Asian Indian women had GDM prevalence of 5.5% 
emerged as an ethnic group with increasing risk for diabetes.

The number of women with GDM diagnosed at the National 
Women’s Hospital increased from 1.4% of births in 1991 to >7% 
in 2010. In 2010, the incidence of GDM in the National Women’s 
Hospital Annual Report [10] was 16% for Indian women, 11.3% for 
Asian women, 10.3% for Pacific women and 5% for Maori women, 
compared to 3.7% of New Zealand European women [11]. Screening 
rates for GDM among Maori women are very low, although they are at 
high risk of diabetes, and also they were overrepresented amongst the 
obese groups (40% and 62% respectively). Increase in maternal body 
mass index (BMI) (kg/m2) was strongly associated with increasing rates 
of GDM and type 2 diabetes. However, GDM was diagnosed in 13% 
of overweight or obese women in New Zealand, and 25% of women 
with BMI over 40. However, the most frequently reported risk factors 
for GDM were maternal older age, weight and parity, family history of 
diabetes, and previous delivery of macrosomic new-borns [12].

The aim of this review is to present the current screening and 
diagnosis of GDM in New Zealand, and factors which contributed to 
the development of the adverse foetal outcomes in women with obesity 
and GDM in diverse ethnic groups in New Zealand. 
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Screening and diagnosis of GDM in New Zealand
It is difficult to distinguish whether GDM was undiagnosed before 

pregnancy or induced by pregnancy in women of childbearing age [13]. 
Newly developed guidelines for screening and diagnosis of gestational 
diabetes in New Zealand may reveal increased prevalence of this 
condition. On the initiative of the Ministry of Health, the New Zealand 
Branch of the Australasian Cochrane Centre and the University of 
Auckland developed guidelines, and established a multidisciplinary 
Guideline Development Team which further reviewed the evidence 
and developed recommendations for screening and diagnosis of GDM 
[14].  In order to identify women at high risk of GDM all women have 
to be initially screened before 20 weeks’ of gestation using glycated 
haemoglobin (HbA1c). Women with an HbA1c ≥ 50 mmol/L are 
referred to a service which specialises in diabetes in pregnancy, while 
women with an HbA1c 41-49 mmol/L are offered a two hour, 75 g 
oral glucose tolerance test (OGTT) at 24-28 weeks of gestation by the 
lead maternity carer (LMC), as they are considered at an increased 
risk of GDM. If fasting glucose is ≥ 5.5 mmol/L or two hour value is 
≥ 9.0 mmol/L women will be referred to a service which specialises 
in diabetes in pregnancy, where they receive instructions on diet and 
lifestyle changes [15]. 

Diagnosis of gestational diabetes mellitus in New Zea-
land practice

Outside pregnancy an HbA1c of 41-49 mmol/L is classified as 
prediabetes while HbA1c of 50 mmol/L or more is classified as diabetes 
[16]. The study by Rowan and co-authors [17], raised the question 
about whether pregnant women with normal OGTT and raised HbA1c 
represent a clinically important group of women with GDM. The 
authors analysed data of eighty pregnant women with normal OGTT 
and HbA1c > 40 mmol/L, and compared them to data of pregnant 
women with GDM at the National Women’s Hospital (NWH) 
database. Women with normal OGTT had higher BMIs (32.3 ± 8.1), 
and were more likely to be of Pacific ethnicity (43.8%). Increased values 
of HbA1c remained high in 61.8% of women postnataly, and with 
abnormal OGTT in 20.9% of women. An increase in HbA1c above 40 
mmol/L identified women who are likely to undergo pharmacotherapy 
for their hyperglycaemia in pregnancy. These data also question the 
possible role of HbA1c in high risk women with non-diagnostic 
(normal) OGTT, and suggest of whether it is useful to request an 
HbA1c at other times during pregnancy.

An HbAc1 in early pregnancy will identify women with perhaps 
undiagnosed diabetes or prediabetes, and the level of risk of developing 
GDM [14]. The risk of developing type 2 diabetes is estimated to be six 
to eight times higher in women who were diagnosed with GDM than in 
women with no history of GDM.

Metabolic changes in normal pregnancy and GDM
Metabolic adaptations during pregnancy include changes in 

carbohydrate and lipid metabolism in order to provide a continuous 
supply of nutrients to the foetus despite intermittent maternal food 
intake [18-21]. During early pregnancy in healthy women, glucose 
tolerance, peripheral insulin sensitivity, and hepatic basal glucose 
production are normal. Glucose tolerance shows progressive increase 
in nutrient-stimulated insulin responses which are consistent with 
progressive insulin resistance with advancing pregnancy [22]. As a 
consequence, there is a progressive increase in basal and postprandial 
insulin concentrations [23-25]. Reduced insulin sensitivity and changes 
in β cell responsiveness probably occur in parallel with the release 

of hormones of pregnancy, human chorionic somatostatin (HCS), 
progesterone, cortisol and prolactin [26]. The cellular mechanism for 
this complex transition is obscure [27]. In late pregnancy, maternal fat 
tissue depots decrease, postprandial FFAs levels increase, and insulin-
mediated glucose disposal worsens by 40-60% [28]. Reduced insulin 
secretion in late pregnancy is unable to suppress the whole body 
lipolysis, which is further reduced in GDM mothers, contributing to a 
greater postprandial rise in FFAs, increase in hepatic gluconeogenesis, 
and severe insulin resistance [29,30]. Also, increased serum levels of 
FFAs may exert toxic effects on β cell function [31].

Lipid metabolism during normal pregnancy is characterised by a 
physiological hyperlipidaemia [32-34]. In obese women and women 
with GDM abnormal lipid profile is associated with hyperinsulinemia, 
increased inflammatory markers, and elevated leptin levels. Alterations 
in maternal lipid metabolism may also contribute to foetal growth [35]. 
The enzyme placental lipoprotein lipase breaks down triglycerides to 
free fatty acids (FFA) that can be transferred to the foetus, increasing 
foetal adiposity and/or lipase activity of foetal adipose cells. Raised 
serum levels of FFAs might be responsible for the insulin resistance 
of GDM [36]. Total serum cholesterol levels remain high throughout 
the pregnancy in women with GDM [37]. Triglycerides remain 
significantly elevated across all three trimesters of pregnancy due to 
decreased lipoprotein lipase activity, particularly towards the end of 
pregnancy. An elevation of triglycerides in early pregnancy may be 
predictive of GDM, while increase in triglycerides and FFAs levels 
indicates a possibility of pre-eclampsia before the onset of clinical pre-
eclampsia towards the last trimester of pregnancy [38,39]. However, 
hypertriglyceridemia and hyperinsulinemia are thought to be the key 
drivers of foetal macrosomia [40,41]. 

Predictive adaptive responses
Recent research has shown that environmental and behavioural 

influences, rather than genetics, are fuelling the current epidemic 
of obesity and that early life environment is a contributor to later 
life metabolic health [42]. The “developmental origins of health and 
disease” model (DOHaD), speculates that the foetus makes predictive 
adaptations to changes in utero, creating permanent adjustments in 
homeostatic systems to help immediate survival, and improve success 
in the adverse postnatal environment. These foetal adaptations known 
as predictive adaptive responses (PARs), may lead to an increased risk 
of diabetes and CVD in later life, via the inheritance of risk factors and 
a cycle of disease transmitted across generations [43,44]. For example, 
being exposed to a maternal diabetic in utero environment, new-borns 
may have a variety of phenotypic expressions. The phenotype of the 
new-born is generally perceived either as macrosomic or large for 
gestational age at birth (LGA), or small for gestational age (SGA) [45]. 
GDM increases the risk for maternal (pre-eclampsia, perineal trauma, 
and caesarean section) and perinatal complications (macrosomia, 
hypoglycaemia, shoulder dystocia, respiratory distress, jaundice, 
birth injuries, and stillbirth) [46]. New-borns of mothers with GDM 
are at risk of these complications, and probably poor glucose control 
is directly related to perinatal complications[47]. Proper clinical 
management of GDM or a tighter glucose control can reduce the risk 
of adverse pregnancy outcomes.

Ethnic diversity in adaptive predictive responses
The  risks of being overweight or obese as a child, after in utero 

GDM exposure, are highly associated with the long-term health risks 
for type 2 diabetes and cardiovascular disease (CVD) in multi-ethnic  



Jowitt LM (2016) Gestational diabetes in New Zealand ethnic groups

 Volume 3(2): 583-589Integr Mol Med, 2016     doi: 10.15761/IMM.1000208

New Zealand, and in particular in Pacific and Maori children . About 
one in nine children (11%) between two and 14 years of age are obese 
[48], one in five (22%) are overweight children of Pacific Islands (27%), 
and the indigenous Maori populations respectively (19%). 

Large for gestational age

Macrosomia or large for gestational age (LGA) is defined as 
a birthweight greater than 90th percentile for gestational age, or a 
birthweight greater than 4000 or 4500 g [49]. There is a relationship 
between the perinatal risks and early life complications associated 
with macrosomia [50]. The authors analysed data of 134 mothers of 
macrosomic new-borns, in their thirties, who were overweight (39), 
with previous macrosomia (28), and with family history of diabetes 
(41). The most of mothers were Europeans (64), Pacific Island women 
(45), Maori (7), and Asian (15) and others (3). Pregnancies in obese and 
hyperglycaemic mothers were completed with the induction of labour 
(58.8%), total (32.5%), and emergency Caesarean sections (19.4%), and 
birth to 11.3% macrosomic new-borns. Over half of the macrosomic 
new-borns of mothers screened for GDM (77.8%) suffered recurrent 
and/or symptomatic hypoglycaemia, and respiratory distress. Other 
perinatal complications caused by macrosomia were shoulder dystocia, 
low Apgar score, and Erb’s palsy. Most of mothers with macrosomic 
new-borns were of Pacific Island ethnicity, who were expected to have 
large babies with respect to their body composition with more lean 
body mass, compared to European women. 

Being macrosomic at birth is now considered a strong indicator 
that obesity often begins in early life [51]. Prenatal and early life factors 
that drive obesity in the offspring include maternal obesity, maternal 
diabetes and diet during pregnancy, socioeconomic factors, no or short 
breast feeding, and greater weight in early infancy. Gestational diabetes 
also imposes an inequitable disease burden on indigenous women and 
their new-borns [52]. The Pacific Island and Maori ethnic groups in 
New Zealand are genetically-prone populations to both type 2 diabetes 
and GDM. GDM increases the risk in their offspring of developing 
obesity and diabetes in later life. However, hyperinsulinaemia is a 
frequent finding at birth in these populations, and acts as a marker of 
their risk of increased growth and adiposity [53]. 

Data from the previous study fully support the results of the study by 
Simmons [54], where a large number of macrosomic new-borns from 
obese, glucose tolerant women was associated with the maternal weight 
and relative hyperglycaemia. A proportion of Pacific macrosomic 
new-borns with a birth weight above 4000g increased significantly, as 
the glucose concentration increased. Pacific Island new-borns were 
heaviest and Maori new-borns lightest. It was suggested that, in Pacific 
Island women, there might be a greater influence of increased maternal 
weight and glycaemia, rather than either alone. It is unclear whether it 
was greater foetal susceptibility to the in utero influence of maternal 
hyperglycaemia, or greater obesity in Pacific Island mothers. Either 
way, maternal obesity creates a significant risk for their offspring with 
metabolic compromise already apparent at birth [55].

Neonatal morbidity is common in new-borns of women of Pacific 
Island and Asian Indian ethnicities with high prevalence of type 2 
diabetes and GDM [56]. Two thirds of the women diagnosed with GDM 
at the NWH ranged from 2% in Caucasian women to 7% in Pacific 
Island and Indian women, based on the criteria from the European 
Association for Study on Diabetes [57]. About 427 pregnancies 
were complicated by the underlying prevalence of GDM (382 new-
borns) or type 2 diabetes (60 new-borns) at the NWH. Admission 
to NICU occurred in 29% of GDM and 40% of type 2 diabetes 

pregnancies. Hypoglycaemia and respiratory distress were the main 
neonatal complications requiring NICU admission. Nearly half the 
admissions were in preterm new-borns with GDM and type 2 diabetes. 
Macrosomia was the highest in the group of Pacific Island women with 
type 2 diabetes diagnosed either antenatally or postpartum. Similar to 
type 2 diabetes, a few women with GDM gave birth to new-borns with 
cardiovascular, renal and respiratory system abnormalities.

A common risk factor for the development of GDM is excessive 
weight gain (EWG) during pregnancy, that exposes the developing 
foetus to persistently raised concentrations of glucose, insulin, amino 
acids, lipids, and inflammatory cytokines produced by the maternal 
adipose tissue [58]. High pregravid or early pregnancy BMI is a strong 
predictor of EWG, which might lead to post-partum weight retention 
and development of persistent obesity in women of reproductive age 
and their new-borns [59]. About 163 of Auckland indigenous women 
(part of the SCOPE study) with singleton pregnancies had EWG, and 
of these 18 Polynesian and 20 Asian Indian women [60]. Women with 
high GWG had higher rates of caesarean section in labour, LGA new-
borns, and hypertensive disorders of pregnancy. 

Small for gestational age

In New Zealand about 3345 SGA new-borns were born in 2014, 
and accounted for 5.9% - 6.2% of all new-borns born each year from 
2005 to 2014 [61]. The incidence of SGA has not been changed for the 
last decade. SGA new-borns were more commonly born to women in 
their forties (8.4%), or over and under 20 years of age (7.2%), in Indian 
and Maori mothers (9.6% and 6.9% respectively), and in mothers who 
lived in more deprived areas (6.4%). 

SGA new-born has been defined as a birthweight of less than the 
tenth percentile using population based standards, which were derived 
from cohorts of Europeans in the Western countries, before the epidemic 
of obesity [62,63]. The implementation of customised birthweight 
centiles at birth is likely to identify more new-borns at risk of perinatal 
morbidity and mortality than would be identified by population 
centiles [64]. In the multi-ethnic general obstetric population in New 
Zealand, the primary goal was to identify independent risk factors for 
new-borns who were SGA by customised birthweight centiles [65]. 
Customised birthweight centiles were generated after birth, adjusted 
for maternal ethnicity, height, weight, and parity, and new-born’s 
gender. Independent factors which were considered a priori a risk or 
protective for SGA were ethnicity, ethnic specific BMI, maternal age, 
parity, smoking status, socio-economic status, diabetes, hypertension, 
antepartum haemorrhage (APH), and pre-existing medical conditions 
associated with the growth restriction. Pre-pregnancy diagnosis of 
diabetes included type 1 diabetes mellitus, type 2 diabetes mellitus, and 
GDM, and/or unknown diabetes status.

The authors utilised a national database of births of 26,254 women 
with singleton pregnancies, delivered from January 2006 to December 
2009 at the NWH. The percent of SGA new-borns by customised 
birthweight centiles was 11, 8% of the total study population. The 
authors notified that type 1 diabetes and GDM reduced the risk of 
SGA, while maternal obesity was found to have 24% increase in risk 
compared to women with normal gestational weight. Obesity is a 
clinically important risk factor for customised SGA, and remained 
independently associated with customised SGA. The association 
between SGA and maternal obesity raises a concern as SGA is less 
likely to be detected antenatally in obese women, while the association 
between customised SGA and socioeconomic status, initially observed 
in Maori and Pacific women, was explained by high cigarette smoking 
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rates, and obesity in deprived areas. Also, in association with the foetal 
growth, gestational hypertension occurred in 3.7% of new-borns and 
carried a nearly 50% increase in risk of SGA, while APH of unknown 
origin (4.1%) had a 70% increase in risk by customised birthweight 
centiles. However, foetal growth in women with GDM correlated 
with both the degree of glycaemia and presence or absence of vascular 
damage, which are two dominant and independent regulators of foetal 
growth [66].

Racial and ethnic origins are clearly associated to size at birth, and 
might partly influence mother’s pre-gravid and gravid weight [67]. 
Women of Chinese and “other “Asian origins showed an approximately 
two-fold increased risk of delivering an SGA new-borns in comparison 
with European women, while Indian women had a four-fold risk. 
When compared with European women, Indian women remained at 
significantly increased risk of having an SGA new-born. Mothers of 
SGA new-borns were shorter and lighter than mothers who delivered 
AGA (average for gestational age). However, the results of the study 
indicated that maternal primiparity, Indian ethnicity, being short and 
light, and maternal hypertension were associated with the delivery 
of SGA new-borns. At the other end of the spectrum were women of 
Pacific ethnicity with the lower rates of preterm delivery, and decreased 
risk for delivering SGA compared to Maori and European and/other 
women, despite living in areas of high socioeconomic deprivation 
[68,69]. In Pacific born women, particularly those born in the Pacific 
islands, SGA was less common compared to those Pacific women born 
in New Zealand. Preterm birth rates and rates of SGA were the lowest 
in Pacific Island women, and declined by 30% during 1980-1994, 
compared to a 25% decline for Maori women and a 19% for European 
and/other women [70].  The rates of SGA for European and/other 
women declined the most slowly of the three ethnic groups. The known 
risk factors that might have played a role include maternal smoking 
and nutritional factors. However, socio-demographic factors tend to 
be significantly associated to dietary patterns of pregnant women [71].

The Auckland Birthweight Collaborative (ABC) study showed 
that mothers who smoked had a significantly increased risk of an SGA 
[72]. Up to 18% of women of SGA new-borns in the study population 
of 844 SGA could be related to smoking. Risk factors that also could 
contribute to SGA were Asian Indian ethnicity, women who developed 
pre-eclamptic toxaemia and pre-existing hypertension toxaemia. 
Mothers of SGA new-borns were shorter and reported a low pre-gravid 
weight.

GDM and type 2 diabetes in pregnancy

Pacific Island and Maori women are ethnic groups at high risk of 
both type 2 diabetes and GDM during pregnancy [53].  Exposure of the 
foetus to maternal diabetes influences changes in birthweight, adiposity, 
and foetal insulin production. In Maori and Pacific Island women with 
GDM (n=138), and type 2 diabetes (n=39), cord blood was taken from 
singleton new-borns at Middlemore Hospital, South Auckland, for the 
measurement of foetal insulin concentrations, insulin propeptides, 
and leptin, together with the measures of obesity in new-borns such as 
weight and skinfold thicknesses. Mothers with both GDM and type 2 
diabetes were older, more parous, and heavier. Postpartum, 79% (107) 
of mothers with GDM underwent OGTT, and 20% of women were 
diagnosed with type 2 diabetes, and 34% of mothers with impaired 
glucose tolerance (IGT). It has been suggested that mothers with GDM 
before pregnancy have had pre-existing and clinically undetected IGT. 
Postpartum, values of HbA1c were significantly increased in mothers 
with newly diagnosed type 2 diabetes. Moreover, the study by McGrath 

and colleagues [73], showed that 19% of 110 women with GDM 
developed type 2 diabetes after a follow up of 2.4 years. The authors 
suggest that there were no significant differences between women with 
GDM and type 2 diabetes, although essential hypertension present in 
28% of mothers with type 2 diabetes, and only 2% in mothers with 
GM, and in addition significant rise in HbA1c in mothers with type 2 
diabetes at 30 weeks of pregnancy and at the end of pregnancy, might 
make the difference.  

GDM and type 2 diabetes in Pacific Island and Maori new-borns 
were associated with higher birthweight, skinfold thicknesses, raised 
cord insulin, insulin peptides, and increased leptin concentrations. 
Increased insulin and insulin pro-peptides better reflected foetal 
growth, while leptin concentration at birth reflected adiposity in new-
borns of mothers with both GDM and type 2 diabetes [74].

Given the impact of diabetes in pregnancy, particularly undiagnosed 
type 2 diabetes, GDM screening in early pregnancy will offer potential 
benefits for indigenous women [75], Pacific Island, and Asian Indian 
women, populations genetically prone to type 2 diabetes. 

Gestational diabetes in twin pregnancies 

In New Zealand, the vast majority of women in 2014 (98.5%) 
gave birth to one new-born and 1.5% (855 women) gave birth to two 
or more new-borns [61]. During the last decade the proportion of 
twin and multiple births was not changed significantly and is ranging 
from .4% to 1.6%, although the proportion of emergency and elective 
Caesarean sections increased with a number of new-borns. About 
25.4% of women with a singleton pregnancies had a Caesarean section 
compared to 60.3% of women with twin pregnancies, and 90.0% of 
women with multiple pregnancies. 

During twin pregnancies higher levels of hormones such as 
human placental lactogen, estrogen and progesterone are present 
than in singleton pregnancies, and due to their insulin antagonistic 
effects might influence the rise of GDM [76]. GDM is also associated 
with increased placental mass in twin pregnancies when compared 
to singleton pregnancies.  Literature review showed that there was 
insufficient data concerning the effects of GDM on perinatal outcomes 
in twin and multiple pregnancies in New Zealand.  The study by 
Simmons and Yapa [77], showed the association of GDM and twin 
pregnancies in NZ multi-ethnic population. It was notified that 
Polynesian women have high incidence of GDM, although there was no 
ethnic difference in incidence of twin pregnancies. Women with twin 
pregnancies were older, multiparous, and weighed more than those 
with a singleton pregnancies at the same gestation. Twin pregnancies 
were associated with greater risk of GDM and relative hyperglycaemia. 
There were about 4,939 deliveries at South Auckland Hospital, with 54 
(1.1) twin pregnancies Europeans (1.2%), Maori (0.8%), Pacific Island 
(1.4%) and others (0.4%). Overall incidences of pregnancies with GDM 
were 11.9% in women with twin pregnancies and 5.1% in women with 
singleton pregnancies. Since twin pregnancies are more prone to GM, 
women with twin pregnancies should be tested for GDM not only at 
24-28 weeks of gestation but also throughout the pregnancy. Newly 
developed guidelines for screening ad diagnosis of GDM in New 
Zealand would probably increase the overall incidence of GDM in twin 
and multiple pregnancies. 

Conclusion 

GDM is the most common metabolic disorder during pregnancy. 
In New Zealand the rise in GDM prevalence reflects the current 
patterns of increasing obesity and diabetes. The prevalence of type 1 
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and type 2 diabetes, and GDM is rising among women of South Asian, 
Pacific Island, and indigenous Maori ethnic groups. Screening for 
GDM is recommended for all pregnant women in New Zealand, unless 
an earlier diagnosis of diabetes was made. Screening rates for GDM 
among Maori and Pacific Island women are very low, although they are 
at high risk of diabetes, and also they are overrepresented amongst the 
obese groups (40% and 62% respectively). 

The most frequently reported risk factors for GDM are maternal 
older age, weight and parity, family history of diabetes, and previous 
delivery of macrosomic new-borns. It is difficult to distinguish whether 
GDM was undiagnosed before pregnancy or induced by pregnancy 
in women of childbearing age. GDM increases the risk for maternal 
and perinatal complications (macrosomia, hypoglycaemia, shoulder 
dystocia, respiratory distress, jaundice, birth injuries, and stillbirth). 
Macrosomic new-borns of mothers with GDM are at risk of these 
complications, and probably poor glucose control is directly related to 
perinatal complications. Being macrosomic at birth is now considered 
a strong indicator that obesity often begins in early life. GDM and type 
2 diabetes in Pacific Island and Maori new-borns are associated with 
higher birthweight, skinfold thicknesses, raised cord insulin, insulin 
peptides, and increased leptin concentrations. Macrosomic new-borns 
commonly suffer postnatal hypoglycaemia, respiratory distress, and 
shoulder dystocia as the major complications. Prenatal and early life 
factors that drive obesity in the offspring include maternal obesity, 
maternal diabetes and diet during pregnancy, socioeconomic factors, 
no or short breast feeding, and greater weight in early infancy. 

The Pacific Island and Maori ethnic groups in New Zealand are 
genetically-prone populations to both type 2 diabetes and GDM. 
Hyperinsulinaemia is a frequent finding at birth in these populations, 
and acts as a marker of their risk of increased growth and adiposity. 
It is unclear whether it was greater foetal susceptibility to the in utero 
influence of maternal hyperglycaemia, or greater obesity in Pacific 
Island and Asian Indian mothers. 

Maternal obesity creates a significant risk for SGA new-borns born 
to women in their forties, or over and under 20 years of age, in Indian 
and Maori mothers, and in mothers who lived in more deprived areas. 
Mothers of SGA new-borns were shorter and lighter than mothers 
who delivered AGA. Indian ethnicity, being short and light, smoking, 
maternal hypertension and pre-eclamptic toxaemia and pre-existing 
hypertension toxaemia were associated with the delivery of SGA new-
borns. However, socio-demographic factors tend to be significantly 
associated to dietary patterns of pregnant women. 

The implementation of customised birthweight centiles at birth, 
is likely to identify more new-borns at risk of perinatal morbidity 
and mortality than would be identified by population centiles. Also, 
mothers with twin pregnancies were associated with greater risk of 
GDM and relative hyperglycaemia. Therefore, they should be tested for 
GDM not only at 24-28 weeks of gestation but also at early pregnancy 
and throughout the pregnancy. Proper clinical management of GDM 
or a tighter glucose control can reduce the risk of adverse pregnancy 
outcomes.  

References
1. Wendland EM, Torloni MR, Falavigna M, Trujillo J, Dode MA, et al. (2012) 

Gestational diabetes and pregnancy outcomes-a systematic review of the World Health 
Organization (WHO) and the International Association of Diabetes in Pregnancy Study 
Groups (IADPSG) diagnostic criteria. BMC Pregnancy Childbirth 12: 23. [Crossref]

2. Coustan DR (2013) Gestational diabetes mellitus. Clin Chem 59: 1310-1321. [Crossref]

3. Ferrara A (2007) Increasing prevalence of gestational diabetes mellitus a public health 

perspective. Diabetes Care 30: S141-S146. [Crossref]

4. Wild S, Roglic G, Green A, Sicree R, King H (2004) Global prevalence of diabetes 
estimates for the year 2000 and projections for 2030. Diabetes Care 27: 1047-1053. 
[Crossref]

5. Survey NZH (2013) Annual Update on Key Findings 2013/14. Wellington: Ministry 
of Health.  

6. Ministry of Health (2002) The New Zealand Health Monitor. Public Health Intelligence. 
Occasional Bulletin No 13. Wellington: Ministry of Health.  

7. Bristow S, Rowan J, Rush E (2009) Obesity and gestational diabetes mellitus: breaking 
the cycle. The New Zealand Medical Journal 122: 12. [Crossref]

8. Atalag K, Zivaljevic A, Eagleton C, Pickering K A Standards-based Approach to 
Development of Clinical Registries-Initial Lessons Learnt from the Gestational 
Diabetes Registry.

9. Joshy G, Simmons D (2006) Epidemiology of diabetes in New Zealand: revisit to a 
changing landscape. N Z Med J 119. [Crossref]

10. National Women’s Health, 2012. National Women’s Annual Clinical Report 2012. 

11. Sundborn G, Metcalf PA, Gentles D, Scragg R, Dyall L, et al. (2010) Overweight and 
obesity prevalence among adult Pacific peoples and Europeans in the Diabetes Heart 
and Health Study (DHAHS) 2002-2003, Auckland New Zealand. N Z Med J 123. 
[Crossref]

12. Ben-Haroush A, Yogev Y, Hod M (2004) Epidemiology of gestational diabetes 
mellitus and its association with Type 2 diabetes. Diabet Med 21: 103-113. [Crossref]

13. Simmons D, Rowan J, Reid R, Campbell N (2008) Screening, diagnosis and services 
for women with gestational diabetes mellitus (GDM) in New Zealand: a technical 
report from the National GDM Technical Working Party. NZMJ [Crossref]

14.  Ministry of Health (2014) Diabetes in pregnancy. Wellington: Ministry of Health.  

15. Cundy T, Ackermann E, Ryan EA (2014) Gestational diabetes: new criteria may triple 
the prevalence but effect on outcomes is unclear. Br Med [Crossref]

16. Braatvedt GD, Cundy T, Crooke M, Florkowski C, Mann JI, et al. (2012) Understanding 
the new HbA1c units for the diagnosis of Type 2 diabetes. N Z Med J 125: 70-80. 
[Crossref]

17. Rowan JA, Astrid Budden, Sadler LC (2014) Women with a non-diagnostic 75 g 
glucose tolerance test but elevated HbA1c in pregnancy: an additional group of women 
with gestational diabetes. Aust N Z J Obstet Gynaecol 54: 177-180. [Crossref]

18. Butte NF (2000) Carbohydrate and lipid metabolism in pregnancy: normal compared 
with gestational diabetes mellitus. American J Clin Nutr 71: 1256s-1261s. [Crossref] 

19. Catalano PM, Tyzbir ED, Roman NM, Amini SB, Sims EA (1991) Longitudinal 
changes in insulin release and insulin resistance in nonobese pregnant women. Am J 
Obstet Gynecol 165: 1667-1672. [Crossref]

20. Catalano PM, Tyzbir ED, Wolfe RR, Roman NM, Amini SB, et al. (1992) Longitudinal 
changes in basal hepatic glucose production and suppression during insulin infusion in 
normal pregnant women. Am J Obstet Gynecol 167: 913-919. [Crossref]

21. Catalano PM, Tyzbir ED, Wolfe RR, Calles J, Roman NM, et al. (1993) Carbohydrate 
metabolism during pregnancy in control subjects and women with gestational diabetes. 
Am J Physiol 264: E60-E67. [Crossref]

22. Kuhl C (1998) Etiology and pathogenesis of gestational diabetes. Diabetes Care 21: 
B19-26. [Crossref]

23. Buchanan TA, Metzger BE, Freinkel N, Bergman RN (1990) Insulin sensitivity and 
B-cell responsiveness to glucose during late pregnancy in lean and moderately obese 
women with normal glucose tolerance or mild gestational diabetes. Am J Obstet 
Gynecol 162: 1008-1014.[Crossref]

24. Ryan EA, O’Sullivan MJ, Skyler JS (1985) Insulin action during pregnancy: studies 
with the euglycemic clamp technique. Diabetes 34: 380-389. [Crossref]

25.  Lesser KB, Carpenter MW (1994) Metabolic changes associated with normal 
pregnancy and pregnancy complicated by diabetes mellitus. Semin Perinatol 18: 399-
406. [Crossref] 

26. Sivan E, Chen X, Homko CJ, Reece EA, Boden G (1997) Longitudinal study of 
carbohydrate metabolism in healthy obese pregnant women. Diabetes Care 20: 1470-
1475. [Crossref]

27. Handwerger S, Freemark M (2000) The roles of placental growth hormone and 
placental lactogen in the regulation of human fetal growth and development. J Pediatr 
Endocrinol Metab 13: 343-356. [Crossref]

file:///D:/Works/My%20Works/Navneeth/Journals/IMM/IMM-Vol-3/IMM-Vol-3.2/IMM_3.2-AI/N Z Med J
http://www.ncbi.nlm.nih.gov/pubmed/23536513
http://www.ncbi.nlm.nih.gov/pubmed/17596462
http://www.ncbi.nlm.nih.gov/pubmed/15111519
http://www.ncbi.nlm.nih.gov/pubmed/20145683
http://www.ncbi.nlm.nih.gov/pubmed/16751823
http://www.ncbi.nlm.nih.gov/pubmed/20360794
http://www.ncbi.nlm.nih.gov/pubmed/14984444
http://www.ncbi.nlm.nih.gov/pubmed/18364758
http://www.ncbi.nlm.nih.gov/pubmed/24618099
http://www.ncbi.nlm.nih.gov/pubmed/23178606
http://www.ncbi.nlm.nih.gov/pubmed/24359339
http://www.ncbi.nlm.nih.gov/pubmed/10799399
http://www.ncbi.nlm.nih.gov/pubmed/1750458
http://www.ncbi.nlm.nih.gov/pubmed/1415425
http://www.ncbi.nlm.nih.gov/pubmed/8430789
http://www.ncbi.nlm.nih.gov/pubmed/9704223
http://www.ncbi.nlm.nih.gov/pubmed/3882502
http://www.ncbi.nlm.nih.gov/pubmed/3882502
http://www.ncbi.nlm.nih.gov/pubmed/7824967
http://www.ncbi.nlm.nih.gov/pubmed/9283800
http://www.ncbi.nlm.nih.gov/pubmed/10776988


Jowitt LM (2016) Gestational diabetes in New Zealand ethnic groups

 Volume 3(2): 583-589Integr Mol Med, 2016     doi: 10.15761/IMM.1000208

28.  Catalano PM, Huston L, Amini SB, Kalhan SC (1999) Longitudinal changes in 
glucose metabolism during pregnancy in obese women with normal glucose tolerance 
and gestational diabetes mellitus. Am J Obstet Gynecol 180: 903-916. [Crossref]

29. Homko CJ, Sivan E, Reece EA, Boden G, editors (1998) Fuel metabolism during 
pregnancy. Semin Reprod Endocrinol 17: 119-125. [Crossref]

30. Catalano PM, Nizielski SE, Shao J, Preston L, Qiao L, Friedman JE (2002) 
Downregulated IRS-1 and PPARγ in obese women with gestational diabetes: 
relationship to FFA during pregnancy. Am J Physiol Endocrinol Metab 282: 
E522-E533. [Crossref]

31. Unger RH (1995) Lipotoxicity in the pathogenesis of obesity-dependent NIDDM: 
genetic and clinical implications. Diabetes 44: 863-870. [Crossref]

32. Nolan CJ (2011) Controversies in gestational diabetes. Best Practice & Research 
Clinical Obstetrics & Gynaecology 25: 37-49. [Crossref]

33. Herrera E (2000) Metabolic adaptations in pregnancy and their implications for the 
availability of substrates to the fetus. Eur J Clin Nutr 54: S47. [Crossref]

34. Ramsay JE, Ferrell WR, Crawford L, Wallace AM, Greer IA, Sattar N (2002) Maternal 
obesity is associated with dysregulation of metabolic, vascular, and inflammatory 
pathways. J Clin Endocrinol Metab 87: 4231-4237. [Crossref]

35. Schaefer-Graf UM, Graf K, Kulbacka I, Kjos SL, Dudenhausen J, Vetter K, et al. (2008) 
Maternal lipids as strong determinants of fetal environment and growth in pregnancies 
with gestational diabetes mellitus. Diabetes Care 31: 1858-1863. [Crossref]

36. Meyer B, Calvert D, Moses R (1996) Free fatty acids and gestational diabetes mellitus. 
Aust N Z J Obstet Gynaecol 36: 255-257. [Crossref]

37. Ryckman KK SC, Smith CJ, Robinson JG, Saftlas A (2015) Maternal lipid levels 
during pregnancy and gestational diabetes: a systematic review and meta-analysis. 
BJOG 122: 643-651. [Crossref]

38. Nolan CJ, Riley SF, Sheedy MT, Walstab JE, Beischer NA (1995) Maternal serum 
triglyceride, glucose tolerance, and neonatal birth weight ratio in pregnancy: a study 
within a racially heterogeneous population. Diabetes Care 18: 1550-1556. 

39. Lorentzen B, Drevon CA, Endresen MJ, Henriksen T (1995) Fatty acid pattern 
of esterified and free fatty acids in sera of women with normal and pre-eclamptic 
pregnancy. BJOG 102: 530-537. [Crossref]

40. Kitajima M, Oka S, Yasuhi I, Fukuda M, Rii Y, et al. (2001) Maternal serum triglyceride 
at 24–32 weeks’ gestation and newborn weight in nondiabetic women with positive 
diabetic screens. Obstet Gynecol 97: 776-780. [Crossref]

41. Dabelea D, Crume T (2011) Maternal environment and the transgenerational cycle of 
obesity and diabetes. Diabetes 60: 1849-1855. [Crossref]

42. Howie GJ, Sloboda DM, Kamal T, Vickers MH (2009) Maternal nutritional history 
predicts obesity in adult offspring independent of postnatal diet. J Physiol 587: 905-
915. [Crossref]

43. Gluckman PD, Hanson MA, Beedle AS (2007) Feature Article Early Life Events and 
Their Consequences for Later Disease: A Life History and Evolutionary Perspective. 
Am J Hum Biol 19: 1-19. [Crossref]

44. Gluckman PD, Hanson MA, Spencer HG (2005) Predictive adaptive responses and 
human evolution. Trends Ecol Evol 20: 527-533. [Crossref]

45. Catalano PM TA, Huston-Presley L, Amini SB. (2007) Phenotype of infants of mothers 
with gestational diabetes. Diabetes Care 30 Supplement 2: S156-S160. [Crossref]

46. Hoffman L, Nolan C, Wilson JD, Oats JJ, Simmons D (1998) Gestational diabetes 
mellitus-management guidelines-The Australasian Diabetes in Pregnancy Society. Med 
J Aust 169: 93-97. [Crossref]

47. Thomson DM, Danserau J, Creed M, Ridell L (1994) Tight glucose control results in 
normal perinatal outcome in 150 patients with gestational diabetes. Obstet Gynecol 83: 
362-366. [Crossref]

48. Wang Y, Lobstein T (2006) Worldwide trends in childhood overweight and obesity. Int 
J Pediatr Obes 1: 11-25. [Crossref]

49. Raio L, Ghezzi F, Di Naro E, Buttarelli M, Franchi M, et al. (2003) Perinatal outcome 
of fetuses with a birth weight greater than 4500 g: an analysis of 3356 cases. Eur J 
Obstet Gynecol Reprod Biol 109: 160-165. [Crossref]

50. Sinclair BA, Rowan JA, Hainsworth OT (2007) Macrosomic infants are not all equal. 
Aust N Z J Obstet Gynaecol 47: 101-105. [Crossref]

51. Howe LD, Ellison-Loschmann L, Pearce N, Douwes J, Jeffreys M, et al. (2015) Ethnic 

differences in risk factors for obesity in New Zealand infants. J Epidemiol Community 
Health 69: 516-522. [Crossref]

52. Chamberlain C, McNamara B, Williams ED, Yore D, Oldenburg B, et al. (2013) 
Diabetes in pregnancy among indigenous women in Australia, Canada, New Zealand 
and the United States: a systematic review of the evidence for screening in early 
pregnancy. Diabetes Metab Res Rev 29: 241-256. [Crossref]

53. Westgate JA, Lindsay RS, Beattie J, Pattison NS, Gamble G, Mildenhall LF, et al. 
(2006) Hyperinsulinemia in cord blood in mothers with type 2 diabetes and gestational 
diabetes mellitus in New Zealand. Diabetes Care 29: 1345-1350. [Crossref]

54. Simmons D (2007) Relationship between maternal glycaemia and birth weight in 
glucose-tolerant women from different ethnic groups in New Zealand. Diabet Med 24: 
240-244. [Crossref]

55. Catalano PM, Presley L, Minium J, Hauguel-de Mouzon S (2009) Fetuses of obese 
mothers develop insulin resistance in utero. Diabetes Care 32: 1076-1080. [Crossref]

56. Watson D, Rowan, J., Neale, L., & Battin, M. R. (2003) Admissions to neonatal 
intensive care unit following pregnancies complicated by gestational or type 2 diabetes. 
Aust N Z J Obstet Gynaecol 43: 429-432. [Crossref]

57. National Women’s Hospital, Auckland, New Zealand, Annual Clinical Report 2000. 
Auckland: National Women’s Health. 

58. Fraser A, Tilling K, Macdonald-Wallis C, Sattar N, Brion M-J, Benfield L, et al. (2010) 
Association of maternal weight gain in pregnancy with offspring obesity and metabolic 
and vascular traits in childhood. Circulation 121: 2557-2564. [Crossref]

59. Chung JG, Taylor RS, Thompson JM, Anderson NH, Dekker GA, Kenny LC, et al. 
(2013) Gestational weight gain and adverse pregnancy outcomes in a nulliparous 
cohort. Eur J Obstet Gynecol Reprod Biol 167: 149-153. [Crossref]

60. Restall A, Taylor RS, Thompson J, Flower D, Dekker GA, et al. (2014) Risk factors 
for excessive gestational weight gain in a healthy, nulliparous cohort. J Obes 2014. 
[Crossref]

61. Ministry of Health, 2015. Report on Maternity 2014. Wellington: Ministry of Health.  

62. Thompson J, Mitchell E, Borman B (1994) Sex specific birthweight percentiles by 
gestational age for New Zealand. N Z Med J 107: 1-3. [Crossref]

63. Alexander GR, Himes JH, Kaufman RB, Mor J, Kogan M (1996) A United States 
national reference for fetal growth. Obstet Gynecol 87: 163-168. [Crossref]

64. McCowan LM, Harding JE, Stewart AW (2005) Customised birthweight centiles 
predict SGA pregnancies with perinatal morbidity. BJOG 112: 1026-1033. [Crossref]

65. Anderson NH, Sadler LC, Stewart AW, Fyfe EM, McCowan LM (2013) Independent 
risk factors for infants who are small for gestational age by customised birthweight 
centiles in a multi-ethnic New Zealand population. Aust N Z J Obstet Gynaecol 53: 
136-142. [Crossref]

66.  Reece EA, Smikle C, O’Connor TZ, Holford T, Nelson-Robinson L, et al. (1990) A 
longitudinal study comparing growth in diabetic pregnancies with growth in normal 
gestations: I. The fetal weight. Obstet Gynecol Surv 45: 160-164. 

67. 67.  Michael Kramer IM, Hong Yang, Robert W Platt, Robert Usher, Helen 
McNamara, et al. (2002) Why are babies getting bigger? Temporal trends in fetal 
growth and its determinants. J Pediatr 141: 538-542. [Crossref]

68. 68. Baeten JM, Bukusi EA, Lambe M (2001) Pregnancy complications and outcomes 
among overweight and obese nulliparous women. Am J Public Health 91: 436. 
[Crossref]

69. Haglund B, Cnattingius S, Nordström ML (1993) Social differences in late fetal 
death and infant mortality in Sweden 1985–86. Paediatr Perinat Epidemiol 7: 33-44. 
[Crossref]

70. Craig ED, Mantell CD, Ekeroma AJ, Stewart AW, Mitchell EA (2004) Ethnicity and 
birth outcome: New Zealand trends 1980–2001. Part 1. Introduction, methods, results 
and overview. Aust N Z J Obstet Gynaecol 44: 530-536. [Crossref]

71. Thompson JM, Wall C, Becroft DM, Robinson E, Wild CJ, et al. (2010) Maternal 
dietary patterns in pregnancy and the association with small-for-gestational-age infants. 
Br J Nutr 103: 1665-1673. [Crossref]

72. Thompson J, Clark P, Robinson E, Becroft D, Pattison N, et al. (2001) Risk factors 
for small-for-gestational-age babies: The Auckland Birthweight Collaborative Study. J 
Paediatr Child Health 37: 369-375. [Crossref] 

73. McGrath N, Evans C, Holgate A (2007) Post-partum follow-up of women with 
gestational diabetes mellitus from Northland, New Zealand. Diabet Med 24: 218-219. 
[Crossref]

http://www.ncbi.nlm.nih.gov/pubmed/10203659
http://www.ncbi.nlm.nih.gov/pubmed/10528363
http://www.ncbi.nlm.nih.gov/pubmed/11832353
http://www.ncbi.nlm.nih.gov/pubmed/7621989
http://www.ncbi.nlm.nih.gov/pubmed/21115402
http://www.ncbi.nlm.nih.gov/pubmed/10805038
http://www.ncbi.nlm.nih.gov/pubmed/12213876
http://www.ncbi.nlm.nih.gov/pubmed/18606978
http://www.ncbi.nlm.nih.gov/pubmed/8883745
http://www.ncbi.nlm.nih.gov/pubmed/25612005
http://www.ncbi.nlm.nih.gov/pubmed/7647054
http://www.ncbi.nlm.nih.gov/pubmed/11339933
http://www.ncbi.nlm.nih.gov/pubmed/21709280
http://www.ncbi.nlm.nih.gov/pubmed/19103681
http://www.ncbi.nlm.nih.gov/pubmed/16701430
http://www.ncbi.nlm.nih.gov/pubmed/16701430
http://www.ncbi.nlm.nih.gov/pubmed/17596465
http://www.ncbi.nlm.nih.gov/pubmed/9700346
http://www.ncbi.nlm.nih.gov/pubmed/8127526
http://www.ncbi.nlm.nih.gov/pubmed/17902211
http://www.ncbi.nlm.nih.gov/pubmed/12860334
http://www.ncbi.nlm.nih.gov/pubmed/17355297
http://www.ncbi.nlm.nih.gov/pubmed/25795734
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3260090/
http://www.ncbi.nlm.nih.gov/pubmed/16732019
http://www.ncbi.nlm.nih.gov/pubmed/17263762
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2681036/
http://www.ncbi.nlm.nih.gov/pubmed/14712945
http://www.ncbi.nlm.nih.gov/pubmed/23266206
http://www.ncbi.nlm.nih.gov/pubmed/23266206
http://www.ncbi.nlm.nih.gov/pubmed/24995130
http://www.ncbi.nlm.nih.gov/pubmed/8295745
http://www.ncbi.nlm.nih.gov/pubmed/16045513
file:///D:/Works/My%20Works/Navneeth/Journals/IMM/IMM-Vol-3/IMM-Vol-3.2/IMM_3.2-AI/longitudinal study comparing growth in diabetic pregnancies with growth in normal gestations
http://www.ncbi.nlm.nih.gov/pubmed/12378194
http://www.ncbi.nlm.nih.gov/pubmed/11236410
http://www.ncbi.nlm.nih.gov/pubmed/8426830
http://www.ncbi.nlm.nih.gov/pubmed/15598291
http://www.ncbi.nlm.nih.gov/pubmed/20211035
http://www.ncbi.nlm.nih.gov/pubmed/11532057


Jowitt LM (2016) Gestational diabetes in New Zealand ethnic groups

 Volume 3(2): 583-589Integr Mol Med, 2016     doi: 10.15761/IMM.1000208

74. Okereke NC, Uvena-Celebrezze J, Hutson-Presley L, Amini SB, Catalano PM (2002) 
The effect of gender and gestational diabetes mellitus on cord leptin concentration. Am 
J Obstet Gynecol 187: 798-803. [Crossref]

75. Naqshbandi M, Harris SB, Esler JG, Antwi-Nsiah F (2008) Global complication rates 
of type 2 diabetes in Indigenous peoples: A comprehensive review. Diabetes Res Clin 
Pract 82: 1-17. [Crossref]

76. Spellacy WN, Buhi WC, Birk SA (1978) Human placental lactogen levels in multiple 
pregnancies. Obstet Gynecol 52: 210-212. [Crossref]

77. Simmons D, Yapa M (2002) Association between twin pregnancy and hyperglycemia 
in a multiethnic community in New Zealand. Diabetes Care 25: 934-935. [Crossref]

Copyright: ©2016 Jowitt LM. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original author and source are credited.

http://www.ncbi.nlm.nih.gov/pubmed/12237665
http://www.ncbi.nlm.nih.gov/pubmed/18768236
http://www.ncbi.nlm.nih.gov/pubmed/683661
http://www.ncbi.nlm.nih.gov/pubmed/11978694

	Title
	Correspondence
	Abstract 
	Key words
	References 

