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Abstract 

Aim 

Gestational diabetes mellitus (GDM) is carbohydrate intolerance that occurs during pregnancy. GDM 

can increase the risk of adverse maternal and infant health outcomes. We aimed to explore the 

current dietary management for women with GDM and investigate the influence of maternal dietary 

adherence on maternal and infant health outcomes.  

Methods 

Firstly, we conducted a systematic review of the global clinical practice guideline (CPG) dietary 

recommendations for the management of GDM. The quality of the CPGs, dietary recommendations 

and evidence-base were assessed, and any research gaps identified. Secondly, we conducted a 

cohort study to investigate maternal adherence to the New Zealand dietary CPG recommendations 

for the management of GDM and assessed the association of maternal sociodemographic factors on 

dietary adherence. Lastly, we conducted a cohort study to explore the influence of maternal dietary 

adherence on maternal and infant health outcomes. 

Findings 

Results from our systematic review showed that dietary intervention was recommended as the first-

line therapy for GDM management globally, but dietary recommendations were inconsistent across 

CPGs. Most CPGs were of low-quality, the quality of evidence was low or very-low quality, and 

several research gaps were identified.  

Our cohort study reported that no-one adhered to all dietary recommendations for GDM management 

in New Zealand, while 86% of women visited a dietitian but only 28% achieved appropriate weight 

gain. Primiparity, no history of GDM, being underweight, and smoking were associated with lower 

dietary adherence.  

We found that high dietary adherence compared to low adherence was associated with reduced use 

of oral hypoglycaemics and insulin. Visiting a dietitian compared to no visit was associated with 

increased oral hypoglycaemic and insulin use, but decreased odds of a large-for-gestational-age 

infant and neonatal hyperbilirubinaemia. Greater than recommended weight gain compared to 
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appropriate weight gain was associated with increased maternal oral hypoglycaemic and insulin use, 

while gaining lower than recommended weight was associated with increased odds of breastfeeding 

and decreased postpartum haemorrhage.  

Conclusion 

High-quality CPGs and better evidence are needed to improve the management of GDM and address 

the research gaps identified. Further research should identify appropriate ways to increase dietary 

adherence for women with GDM. 
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 Literature Review 

1.1 Gestational Diabetes Mellitus 

1.1.1 Definition and prevalence of gestational diabetes 

Gestational diabetes mellites (GDM) is a condition of carbohydrate intolerance of varying degrees in 

pregnancy [1,2]. The diagnosis of GDM is usually made during the latter half of pregnancy, currently 

recommended in New Zealand as between 24 to 28 weeks of gestation [3]. During the first trimester, 

women diagnosed with diabetes are considered to have pre-existing diabetes. These women are 

most likely to be undiagnosed type 2 diabetes or more rarely, type 1 diabetes and are not considered 

to have GDM [4]. 

GDM is the most common complication that occurs during pregnancy, affecting between 1% to 45% 

of pregnant women globally each year [5–7]. GDM occurs in approximately 75-90% of all women with 

hyperglycaemia, the remaining being related to type 1 or pre-existing type 2 diabetes [5,8–10]. Over 

the last two decades, the prevalence of GDM has increased by approximately 30% worldwide, with 18 

million births affected in 2017 [5,11,12]. In New Zealand, one in every 11 mothers are diagnosed with 

GDM, or more than 5,000 women annually [3,13]. The rate of GDM in New Zealand is estimated to 

have increased from 5.0% in 2005 to 11.7% in 2019 [13,14]. However, the prevalence of GDM in New 

Zealand varies according to the source of data, and reports have ranged from 3.8% to 6.9% within the 

same year [15].  

Compared to other countries such as Singapore (18.9%), Germany (13.2%), Mainland China (11.9%) 

and Malaysia (11.8%), New Zealand seems to have a lower rate of GDM [16,17]. However, it is 

difficult to compare prevalence rates internationally, as there is no consensus on standard diagnostic 

criteria for GDM (Table 1.1) [1]. This is supported by a recent study in Vietnam that compared the 

prevalence of GDM using five different diagnostic criteria and reported prevalence rates between 

6.4% to 24.2% [18]. In New Zealand, the current diagnostic criteria recommended by the Ministry of 

Health for GDM are maternal fasting plasma glucose concentration ≥ 5.5 mmol/L or 2 hour post-

prandial concentration ≥ 9.0 mmol/L following a 75g of oral glucose between 24 to 28 weeks’ 

gestation (Error! Reference source not found.) [3].  
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Table 1.1. Diagnostic criteria for GDM recommended by different organisations following an 

oral glucose load 

Organisation 
Glucose 

load (g) 

Fasting plasma 

glucose (mmol/L) 

1 hour plasma 

glucose (mmol/L) 

2 hours plasma 

glucose (mmol/L) 

IADPSG and WHO [19,20] 75 ≥5.1 ≥10.0 ≥8.5 

NDDG [21] 100 ≥5.8 ≥10.6 ≥9.2 

MOH NZ [3] 75 ≥5.5 N/A ≥9.0 

Abbreviations: IADPSG, International Association of Diabetes and Pregnancy Study Groups; WHO, World Health 
Organisation; NDDG, National Diabetes Data Group; MOH NZ, New Zealand Ministry of Health. 

1.1.2 Pathophysiology of gestational diabetes mellitus 

Glucose is the primary energy source for the fetus and is essential for its growth and metabolism [22]. 

In a normal pregnancy, placental hormones such as cortisol, human placental lactogen and human 

placental growth hormone result in decreased insulin sensitivity in the mother. The decreased insulin 

sensitivity in the mother ensures more glucose is available to be transported to the fetus to support its 

growth and development [23]. As pregnancy progresses and the placenta continues to grow, greater 

amounts of these placental hormones are produced which further decrease insulin sensitivity in the 

mother and increase maternal blood glucose concentrations [24]. In response to the higher maternal 

blood glucose concentrations, the maternal pancreatic beta-cells produce more insulin to overcome 

the decreased insulin sensitivity, increase glucose uptake in maternal tissues and maintain maternal 

blood glucose concentrations in the normal range.  

Compared to a normal pregnancy, women with GDM have pancreatic beta-cells that do not produce 

enough insulin [25]. When an inadequate amount of insulin is produced blood glucose is not taken up 

by maternal tissues efficiently. This leads to abnormally high maternal blood glucose concentrations 

which is known as GDM.    

1.1.3 Risk factors for gestational diabetes mellitus 

Maternal sociodemographic and characteristics are associated with the occurrence of GDM. The risk 

factors for the development of GDM are linked to a decrease in maternal beta-cell function and insulin 

sensitivity [26]. The risk of developing GDM increases in mothers who have a family history of type 2 

diabetes and a history of GDM [27–29]. Similarly, giving birth previously to a child with macrosomia 

(infant birthweight >4000 grams) increases the risk of GDM in a future pregnancy [30]. European 

mothers are less likely to develop GDM during pregnancy than Māori and Pacific mothers, with Asian 
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mothers being at greatest risk [31,32]. Maternal age plays a significant part in the development of 

GDM with the risk of developing GDM increasing with age [33]. 

Some maternal risk factors for GDM, such as a normal pre-gravid weight and appropriate gestational 

weight gain during pregnancy, are modifiable and are associated with a reduced risk of developing 

GDM [34]. Compared to women of normal weight, being overweight or obese prior to pregnancy is 

associated with an increased risk of developing GDM [35]. Similarly, compared to excessive 

gestational weight gain, achieving appropriate gestational weight gain according to maternal pre-

pregnancy body mass index (BMI) is associated with less risk of GDM [36].  

1.1.4 Health risks from gestational diabetes mellitus 

GDM can lead to adverse health outcomes in the mother and infant [37]. Maternal consequences can 

be divided into early consequences, which happen during pregnancy, birth, and in the postnatal 

period, and later consequences. Similarly, infant consequences can be divided into short-term and 

long-term.  

Early maternal consequences 

Women with GDM are more likely to develop pre-eclampsia (high blood pressure and proteinuria 

during pregnancy) than women without GDM, with increasing severity of pre-eclampsia as maternal 

glucose concentrations increase [38,39]. Increased maternal hyperglycaemia in women with GDM is 

associated with a greater risk of induced labour, caesarean section and postpartum haemorrhage 

compared to pregnant women without GDM, and increased risk of preterm birth especially among 

obese women with GDM [37,38,40].   

Later maternal consequences 

GDM and type 2 diabetes are considered similar diseases occurring at different periods of life [41]. 

While GDM typically resolves after childbirth, these women are at risk of later developing type 2 

diabetes. A meta-analysis of 20 cohort studies involving 675,455 pregnant women reported that the 

likelihood of women with GDM to develop type 2 diabetes later in life was increased seven-fold 

compared to women without GDM [42]. Women with GDM are four times more likely to develop 

postpartum depression and have recurrence of GDM in a future pregnancy compared to pregnant 

women without GDM [43–45]. Women with GDM are twice as likely to develop cardiovascular 
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diseases within ten years after birth compared to women without GDM according to a recent 

systematic review that included one case-control and eight cohort studies of 5,390,591 women [46].  

Short term infant consequences  

Uncontrolled maternal glucose concentrations during pregnancy result in adverse health outcomes in 

the infant. Over half a century ago Jorgen Pedersen hypothesised that maternal hyperglycaemia 

leads to fetal hyperglycaemia, resulting in the hypertrophy of the fetal islet cells and increased 

secretion of fetal insulin [47]. The increased glucose load that the fetus is exposed to in utero leads to 

excess fetal growth and infants are at risk of being born large-for-gestational-age (LGA). Infants born 

LGA are more prone to birth injuries due to their size, including shoulder dystocia, bone fracture and 

nerve palsy [48].  

Infants of women with GDM are also at a greater risk of developing hyperbilirubinaemia, needing 

respiratory support after birth and treatment for neonatal hypoglycaemia [38,49]. Neonatal 

hypoglycaemia can occur when mothers have persistent hyperglycaemia during pregnancy. The 

increased fetal insulin secretion results in a sudden drop of blood glucose in the infant after birth, 

leading to hypoglycaemia [50]. Neonatal hypoglycaemia can impact brain function with a risk of long-

term neurological impairment in the infant [51]. 

Long term infant consequences 

Like their mothers, offspring exposed to hyperglycaemia in utero have a greater risk of developing 

glucose intolerance and type 2 diabetes later in life [52]. High maternal glucose concentrations is 

associated with increased childhood BMI and body fat percentage in the offspring, independent of 

maternal pre-pregnancy BMI [53]. Children of women with GDM had greater waist circumference, and 

central fat deposition compared to children of women without GDM [54]. The significant maternal and 

infant health concerns associated with GDM highlight the importance of detection, diagnosis, and 

treatment of GDM.   

1.1.5 Glycaemic treatment targets 

Maternal hyperglycaemia increases the risk of developing adverse maternal and infant health 

outcomes, so control of maternal blood glucose concentrations is key in managing GDM. A large 

multi-national cohort study called HAPO involving 23,316 women and their infants investigated the 
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independent factors that affected adverse pregnancy outcomes in women with GDM [38]. The results 

from this study showed that prolonged high maternal glycated haemoglobin (HbA1c), fasting blood 

glucose, and one- and two-hour postprandial glucose concentrations were all associated with 

increased adverse maternal and infant health outcomes [55]. While the optimal glycaemic target 

remained unclear, decreasing maternal blood glucose concentrations can reduce the risk of adverse 

maternal and infant health outcomes [55,56]. 

Like the diagnostic criteria of GDM, the glycaemic targets for women with GDM differ globally due to 

the lack of high-quality evidence available to inform an evidence-based recommendation, so 

recommendations rely on expert opinion or consensus (Table 1.2) [57].  

Table 1.2. Glycaemic targets for GDM recommended by different organisations 

Organisation 
Pre-prandial/fasting 

(mmol/L) 

1-Hour post-

prandial (mmol/L) 

2-Hour post-prandial 

(mmol/L) 

ADA and NICE [58,59] ≤5.3 ≤7.8 ≤6.7 

MOH NZ [3] ≤5.0 ≤7.4 ≤6.7 

SIGN [60] <5.5 NA 
<7.0 at ≤35 weeks’ gestation 

<8.0 at >35 weeks’ gestation 

Abbreviations: ADA, American Diabetes Association; NICE, National Institute for Clinical Excellence; SIGN, 
Scottish Intercollegiate Guidelines Network; MOH NZ, Ministry of Health New Zealand. 

The current New Zealand Ministry of Health recommended glycaemic targets for women with GDM 

are higher than those for pregnant women without diabetes (Table 1.2) [3]. Pregnant women who 

were neither obese nor diabetic had fasting plasma glucose concentrations of 4.2 mmol/L ± 0.7; 1-

hour postprandial plasma glucose concentrations of 5.8 mmol/L ± 0.7; and 2-hour postprandial plasma 

glucose concentrations of 5.4 mmol/L ± 0.6 [61]. The effect of tighter glycaemic targets on maternal 

and fetal outcomes is still not completely understood. Glycaemic targets that are too tight may cause 

infants to be born small-for-gestational-age (SGA) and increases the risk of hypoglycaemia in the 

mother [62]. However, tight treatment targets have been hypothesised to reduce the infant's risk of 

morbidities such as LGA [63]. A meta-analysis of 26 studies, including 12 randomised control trials 

and 14 cohort studies, involving 8,818 pregnant women with GDM suggested that a fasting blood 

glucose target of <5.0 mmol/L decreased the risk of pre-eclampsia, neonatal hypoglycaemia and 

macrosomia [64]. While the data used in the analysis included the best evidence available, the 

evidence was of low quality due to moderate to high risk of bias. The Cochrane review ‘Different 

intensities of glycaemic control for women with gestational diabetes mellitus’ included one randomised 
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control trial involving 180 women and their infants and concluded that there were insufficient clinical 

trials with high-quality data to evaluate the benefits and risks of tighter glycaemic control on the 

mother and fetus [57]. While the optimal glycaemic target to best improve maternal and infant health 

outcomes among women with GDM remains unclear, normalising maternal blood glucose 

concentrations is key in minimising the associated adverse perinatal health outcomes. 

1.2 Management of Gestational Diabetes Mellitus 

1.2.1 Dietary therapy 

Pregnancy is a crucial period when nutritional needs are high to meet the demand of the fetus and 

maintenance of the mother’s body. The fetus obtains all the nutrients needed through placental 

transfer for adequate growth and development [65]. A high diet quality and variety of foods, regular 

physical activity, and appropriate weight gain during pregnancy are important to sustain the health of 

the mother and infant [66]. 

Diet plays a significant role in improving glycaemic control and insulin sensitivity in all types of 

diabetes. Therefore, dietary therapy is the primary management for women with GDM. Approximately 

80% to 90% of women with GDM are able to normalise their blood glucose concentrations through 

dietary therapy alone [67]. Pooled data from a meta-analysis of 18 randomised controlled trials 

involving 1,151 women with GDM found that any dietary intervention compared to no dietary 

intervention reduced fasting and postprandial blood glucose concentrations, insulin and oral 

hypoglycaemic use, infant birthweight and incidence of macrosomia [68]. An optimal dietary approach 

for women with GDM aims to achieve four goals: 1) control maternal blood glucose concentrations, 2) 

promote appropriate fetal growth and development, 3) normalise gestational weight gain according to 

maternal BMI and the progress of pregnancy, and 4) prevent adverse health outcomes [69]. 

Energy intake 

The recommended energy intake for pregnant women with or without GDM is calculated based on 

age, weight, height and physical activity level [70]. Whilst the guidance for energy intake during 

pregnancy varies globally, the need for energy increases as pregnancy advances. An extra intake of 

340 kcal and 452 kcal per day is needed in the second and third trimester, respectively, to 
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accommodate the increased maternal basal metabolic rate, increased maternal blood volume and 

growth of the placenta [71–73].  

Inadequate maternal dietary intake during pregnancy can alter fetal development and growth. 

Towards the end of World War II, the Dutch Famine in German-occupied Netherlands led to a drastic 

and sudden decrease in energy intake that dropped to only 500 to 900 kcal per day for five months 

compared to 1,600 kcal that were consumed prior to the famine [74]. From the 4.5 million people 

affected, a few thousand live births were recorded. A birth cohort study examined the effects of 

starvation on pregnancy and infant health outcomes [75]. Depending on the stage of pregnancy that 

the total maternal energy intake decreased, different infant health outcomes were observed. Low 

maternal energy intake during the first trimester resulted in infants being born with normal birthweights 

with no difference between infants exposed and not exposed to the famine [75]. However, mothers 

with a daily energy intake of fewer than 900 kcal during the second or third trimester gave birth to 

infants of lower birthweight, smaller head circumference and who were shorter than infants whose 

mothers were not deprived of energy [76].  

While energy restriction in diabetic patients outside of pregnancy improves blood glucose 

concentrations, restricting energy intake in women with GDM may not improve maternal and infant 

health outcomes (Table 1.3) [77]. A prospective cohort study of 62 non-obese women with GDM 

reported higher glucose concentrations after dinner among the women who consumed on average 

1,863 kcal per day, compared to women who consumed 1,692 kcal or 1,384 kcal per day. However, 

they reported no difference in fasting or two hour postprandial glucose concentrations, gestational 

weight gain, gestational age, infant birthweight, SGA, or LGA between the three groups after adjusting 

for maternal pre-pregnancy BMI [78]. A randomised control trial of 100 women with GDM reported 

women who consumed between 1800-2500 kcal per day had higher gestational weight gain, less 

incidence of LGA and macrosomia compared to usual dietary intake, but no difference in rates of 

caesarean section, gestational age at delivery, preterm birth, SGA and neonatal intensive care unit 

admission [79]. A randomised controlled trial involving 300 women with GDM reported that women on 

an energy restricted diet of 35 kcal per kilogram of body weight per day had lower fasting and 

postprandial glucose concentrations compared to an unrestricted diet, but reported no difference in 

infant birthweight, macrosomia, birth trauma, neonatal hypoglycaemia, and mode of delivery [80]. 
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Table 1.3. Studies investigating maternal energy intake for the management of GDM 

Author, year Country Study 

design 

Participants Dietary intervention(s) Finding(s) 

Ho, 2005 [78] China Prospective 

cohort study 

62 Chinese 

non-obese 

women with 

GDM 

Women were categorised into tertiles according to 

their mean five-day caloric intake. 

Glucose concentrations after dinner were highest in 

the third tertile (highest energy intake) group. No 

difference in fasting or two hour postprandial glucose 

concentrations, gestational weight gain, gestational 

age, infant birthweight, SGA, or LGA between 

tertiles. 

Deveer, 2013 

[79] 

Turkey Randomised 

control trial 

100 women 

with GDM 

Caloric diet between 1800-2500 kcal/day according 

to BMI or usual dietary intake until delivery. 

Women allocated the diet between 1800-2500 kcal 

had higher gestational weight gain, and infants with 

lower birthweight, lower incidence of LGA, 

macrosomia compared to the standard diet group. 

No difference between the groups for caesarean 

section, gestational age at delivery, preterm birth, 

SGA, and neonatal intensive care unit admission.  

Garner, 1997 

[80] 

Canada Randomised 

control trial 

– pilot study 

300 women 

with GDM 

Energy restricted diet of 35kcal/kg of ideal body 

weight/day or unrestricted diet until delivery. 

Women allocated the energy restricted diet had 

lower fasting and postprandial glucose 

concentrations compared to unrestricted diet. No 

difference in infant birthweight, macrosomia, birth 

trauma, neonatal hypoglycaemia, and mode of 

delivery. 

Magee, 1990 

[81] 

United 

States 

Randomised 

control trial 

12 obese 

women with 

GDM 

A 1,200 or 2,400 kcal/day diet for two weeks.  Lower mean glucose concentrations and fasting 

insulin concentrations in the 1,200 kcal group but 

increased urine ketones compared to the 2,400 kcal 

group.  

Rae, 2000 

[82] 

Australia Randomised 

control trial 

124 obese 

women with 

GDM  

30% energy restricted diet or diabetic diet of 2010 to 

2220 kcal/day until delivery. 

Mean blood glucose concentrations, HbA1c 

concentrations, and insulin use did not differ 

between groups. No urine ketones present in both 

groups. 

Abbreviations: GDM, Gestational Diabetes Mellitus; SGA, Small-for-gestational age; LGA, Large-for-gestational-age; HbA1c, Glycated Haemoglobin.
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A recent meta-analysis of six randomised trials that included 1,300 women with GDM reported that 

women on an energy restricted diet did not have improved maternal blood glucose concentrations, 

and rates of caesarean section, neonatal hypoglycaemia, macrosomia, LGA, gestational age at 

delivery and infant birthweight were similar to women on a non-energy restricted diet [83]. However, 

most trials included in the meta-analysis had an unclear or a high risk of bias [83].  

Some studies have investigated the need to reduce energy intake among obese women for GDM 

management. A randomised control trial involving 12 obese women reported a daily caloric intake of 

1,200 kcal reduced mean maternal glucose and insulin concentrations after two weeks but increased 

urine ketones compared to an intake of 2,400 kcal per day [81]. A randomised control trial involving 

124 obese women with GDM consuming between 1,590 and 1,776 kcal per day found no difference in 

maternal insulin use and mean infant birthweight compared to women who consumed between 2,010 

and 2,220 kcal [82]. Ketones were not present in the urine in both groups [82]. The limited number of 

studies and small sample sizes would suggest larger trials are needed to confirm these results. 

The advice from the Institute of Medicine (IOM) states that pregnant women should consume enough 

energy to achieve weight gain, not weight loss or maintenance [73]. Weight loss during pregnancy 

can lead to fat utilisation and a glucose sparing metabolic state in the mother [84]. Most commonly, 

the IOM 2009 guidelines are recommended to be used by health professionals to achieve appropriate 

weight gain throughout pregnancy (Table 1.4) [73].  

Table 1.4. Institute of Medicine 2009 guidelines for gestational weight gain [73] 

Pre-pregnancy BMI Weight classification Weight gain range 

<18.5 kg/m² Underweight 13-18 kg 

18.5 -24.9 kg/m² Normal weight 11-16 kg 

25.0-29.9 kg/m² Overweight 7-11 kg  

≥30.0 kg/m² Obese 5-9 kg 

The IOM guidelines were developed for normoglycaemic pregnant women. Weight gain outside the 

given range for the corresponding BMI among pregnant women is associated with an increased risk 

of maternal and neonatal complications, such as caesarean section, preterm birth and infants born 

LGA [85]. The optimal gestational weight gain for pregnant women with and without GDM is thought 

to be the same [86]. Among women with GDM, appropriate weight gain within the IOM guidelines 

compared to excessive weight gain is associated with lower rates of caesarean section, pre-
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eclampsia, macrosomia and infants born LGA [87–90]. Appropriate weight gain compared to 

inadequate weight gain among women with GDM is associated with increased rates of caesarean 

section and preterm birth, and decreased odds of macrosomia and LGA [91–94]. 

Dietary carbohydrate 

Carbohydrates are the primary fuel source for the fetus. During pregnancy, a minimum of 175 grams 

of carbohydrates daily is needed for adequate glucose to reach the maternal and fetal brain, with the 

fetus requiring approximately 33 grams daily [95]. In diabetic management, carbohydrates are 

primarily targeted and altered as their consumption largely influences blood glucose concentrations.  

Restricting carbohydrate intake in diabetic patients had been advised for over a century prior to the 

use of insulin for glycaemic control [96]. However, the very high fat (70%) and low carbohydrate (8%) 

dietary intervention previously used was scrutinised due to increased ketone concentrations in the 

mother, and the increased risk of impaired intellectual development in the offspring [96,97]. 

Nevertheless, studies have investigated a low carbohydrate diet for the management of diabetes to 

normalise blood glucose concentrations among women with GDM (Table 1.5).  

One of the first studies on carbohydrate restriction in women with GDM was conducted by Peterson 

and Jovanovic-Peterson [98]. They concluded that a carbohydrate intake of 45% of total energy intake 

(TE) at breakfast, 55% TE at lunch and 50% TE at dinner reached the glycaemic target of <7.8 

mmol/L one hour postprandially [98]. Further research on the optimal amount of carbohydrate to attain 

the glycaemic target has since been conducted. An intake of a low 40% TE carbohydrate diet 

compared to a higher 60% TE high-complex carbohydrate diet for 12 days resulted in no difference in 

achieving the recommended glycaemic targets of one hour <7.8 mmol/L and two hours <6.7 mmol/L 

in a randomised crossover trial [99]. However, lower postprandial and mean glucose concentrations 

were observed in the women consuming the 40% TE carbohydrate diet [99]. Another randomised 

controlled trial involving 12 women with GDM reported that a higher 60% TE complex carbohydrate 

diet reduced maternal fasting glucose concentrations and insulin resistance compared to a lower 40% 

TE carbohydrate diet [100].  
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Table 1.5. Studies investigating maternal dietary carbohydrate intake for the management of GDM 

Author, year Country Study design Participants Dietary intervention(s) Finding(s) 

Peterson, 

1991 [98] 

United 

States 

Prospective 

cohort study 

14 women with 

GDM 

Women consumed 12.5% TE at breakfast, 28% TE at 

lunch, 28% TE at dinner. 

A strong correlation between percentage of 

carbohydrates consumed at dinner and one-

hour postprandial glucose concentrations. To 

reach glycaemic targets of <7.8 mmol one 

hour postprandially, 45% TE carbohydrate 

intake at breakfast, 55% TE at lunch and 50% 

TE at dinner is needed.  

Hernandez, 

2014 [99] 

United 

States 

Randomised 

crossover trial 

16 women with 

GDM  

A control/washout diet (50% TE carbohydrate, 35% TE 

fat, 15% TE protein) for two days, followed by a low 

carbohydrate (40% TE carbohydrate, 45% TE fat, 15% 

TE protein) or high carbohydrate diet (60% TE 

carbohydrate, 25% TE fat, 15% TE protein) for three 

days. Then a control/washout diet for two days, followed 

by alternative intervention diet for three days.  

No difference in fasting glucose concentrations 

between groups. Lower postprandial and 

mean glucose concentrations reported among 

women consuming the 40% TE carbohydrate 

diet. 

Hernandez, 

2016 [100] 

United 

States 

Randomised 

control trial – 

pilot study 

12 overweight 

or obese 

women with diet 

controlled GDM 

A low carbohydrate, high fat diet (40% TE carbohydrate, 

45% TE fat, 15% TE protein) or high complex 

carbohydrate, low fat diet (60% TE carbohydrate, 25% 

TE fat, 15% TE protein) for seven weeks.  

The high complex carbohydrate diet reduced 

fasting glucose concentrations, and insulin 

resistance compared to the low carbohydrate 

diet.  

Cypryk, 2007 

[101] 

Poland Randomised 

control trial 

30 women with 

GDM 

Randomised to a low (45%) TE carbohydrate diet or high 

(65%) TE carbohydrate diet for two weeks. 

Decreased glucose concentration after 

breakfast, lunch, and dinner in the low 

carbohydrate group, but only after lunch and 

dinner in the high carbohydrate group. No 

change in fasting blood glucose concentrations 

between diets. 

Rasmussen, 

2020 [102] 

Denmark Randomised 

crossover 

clinical trial 

12 women with 

diet controlled 

GDM 

A high (50%) TE carbohydrate and energy (25-30%) 

meal for breakfast and a low (10%) TE carbohydrate and 

energy (15-20%) meal for dinner, or vice-versa for four 

days. 

A high carbohydrate diet at breakfast reduced 

insulin resistance, mean and fasting glucose 

concentrations compared to a low 

carbohydrate diet. 

Moreno-

Castilla, 2013 

[103] 

Spain Randomised 

control trial 

150 women with 

GDM 

A low (<40%) TE carbohydrate diet or control diet (55% 

TE carbohydrate) for six weeks. 

No difference in insulin use, gestational age at 

delivery, caesarean section, SGA, LGA, 

macrosomia or neonatal hypoglycaemia. 
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Mijatovic, 

2020 [104] 

Australia Randomised 

control trial 

46 women with 

GDM  

Low carbohydrate diet (mean 165 grams/day) or 

standard diet (mean 190 grams/day of carbohydrate) for 

six weeks. 

No difference in infant birthweight or infants 

born LGA.  

Abbreviations: GDM, Gestational Diabetes Mellitus; TE, Total Energy; SGA, Small-for-gestational age; LGA, Large-for-gestational-age.
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Emphasis on reducing carbohydrate consumption during breakfast has been pursued in the literature 

as the morning time is thought to increase postprandial glucose concentrations more than any other 

time of the day [105]. One randomised controlled trial of 30 Caucasian women with GDM found lower 

postprandial glucose concentrations when consuming a low 40% TE carbohydrate meal for breakfast 

while a higher 65% TE carbohydrate meal had no effect on glucose concentrations [101]. However, a 

randomised crossover trial of 12 women with diet controlled GDM reported a high carbohydrate meal 

for breakfast reduced maternal fasting glucose concentrations and insulin resistance compared to a 

low carbohydrate meal [102]. 

The effect of a low carbohydrate diet on maternal and infant health outcomes in women with GDM is 

still unclear. A randomised controlled trial that restricted maternal carbohydrate intake to 40% 

compared to 55% TE of the diet found no difference in the frequency of maternal insulin use, 

caesarean section, gestational age at delivery, SGA, LGA, macrosomia, or neonatal hypoglycaemia 

[103]. Another randomised controlled trial compared 46 women with GDM who consumed on average 

165 grams of carbohydrate per day with women who had a mean intake of 190 grams per day and 

found no difference in infant birthweight, macrosomia, gestational age at delivery and rates of LGA 

[104]. Furthermore, the Cochrane review ‘Different types of dietary advice for women with gestational 

diabetes mellitus’ that included two randomised controlled trials of women with GDM found no 

difference between low carbohydrate and high carbohydrate diets for the outcomes of maternal 

hypertension, caesarean section, LGA, and perinatal mortality [106]. 

From the current evidence, reducing carbohydrate intake, particularly at breakfast, may aid in 

lowering maternal glucose concentrations but may not be sufficient to manage short-term maternal 

and infant health outcomes compared to a high carbohydrate diet. However, the small number of 

studies conducted to date would suggest caution is needed with interpretation of their results. 

A low glycaemic index (GI) diet increases postprandial glucose concentrations more slowly than a 

higher GI diet [107]. For this reason, studies have investigated whether a low GI diet may reduce the 

need for insulin use for glycaemic control in women with GDM (Table 1.6).  
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Table 1.6. Studies investigating low glycaemic index diets for the management of GDM  

Author, year Country Study design Participants Dietary intervention(s) Finding(s) 

Moses, 2009 

[108] 

Australia Randomised 

controlled trial 

63 women 

with GDM 

Low GI diet or high GI diet for 

approximately four weeks. 

More women in the high GI group needed insulin compared to the low GI 

group but some were able to reduce insulin use after consuming a low GI 

diet. No difference between groups in gestational weight gain, induction of 

labour, method of delivery, gestational age at delivery, infant birthweight, 

SGA and LGA. 

Louie, 2012 

[109]. 

Australia Randomised 

crossover trial 

10 women 

with GDM 

Low GI breakfast or high GI 

breakfast. Alternate diet after 

one to two weeks. 

Lower postprandial glucose concentrations in the low GI group compared to 

the high GI group. 

Grant, 2011 

[110] 

Canada Randomised 

controlled trial 

38 women 

with GDM 

Low GI diet or 

intermediate/high GI diet from 

28 weeks’ gestation until 

delivery. 

No difference in fasting glucose and insulin concentrations between groups. 

No difference in rate of gestational weight gain or infant birthweight 

between groups. 

Louie, 2011 

[111] 

Australia Randomised 

controlled trial 

99 women 

with GDM 

Low GI diet or high fibre, 

moderate GI diet 

No difference in gestational weight gain, insulin use, emergency caesarean 

section, infant birthweight, SGA, LGA and macrosomia between groups. 

Abbreviations: GDM, Gestational Diabetes Mellitus; GI, Glycaemic Index; SGA, Small-for-gestational age; LGA, Large-for-gestational-age.
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The first randomised control trial that compared different GI diets among 63 women with GDM in 

Australia found that the lower GI diet reduced insulin therapy use by 50% compared to the higher GI 

diet group [108]. Women who needed insulin following a high GI diet were allocated a low GI diet, and 

nearly half of the allocated women to the low GI did not need to commence insulin therapy. The trial 

did not find any difference between the treatment groups in the risk of developing adverse perinatal 

outcomes [108]. Another randomised crossover trial of 10 women with GDM reported lower 

postprandial glucose concentrations in the low GI group compared to the high GI group [109], while a 

slightly larger randomised trial of 38 women with GDM reported no difference in fasting glucose or 

insulin concentrations between a low GI diet and an intermediate/high GI diet [110].  

Furthermore, a trial of 99 women with GDM randomised to a lower GI diet or a high fibre moderate GI 

diet found no difference in insulin use, emergency caesarean section rates, mean infant birthweight, 

or incidence of SGA and LGA between the groups [111]. Similarly, a meta-analysis of six high-quality 

randomised controlled trials, that included the trials previously mentioned, involving 532 women with 

GDM found that a low GI diet compared to a moderate/high GI diet reduced two hour postprandial 

glucose concentrations but did not have any effect on insulin use, fasting blood glucose 

concentrations, infant birthweight, or macrosomia [112].  

A low GI diet may aid in normalising maternal postprandial blood glucose concentrations, but the 

literature is limited by the small sample size of the trials available to determine whether low GI diets 

improve health outcomes in women with GDM and their infants [112]. Recently, a low glycaemic load 

diet - which considers the amount of carbohydrate in food as well as the GI of food has been 

considered among researchers as it accounts for the quantity of food consumed [113,114]. More 

studies are needed in investigating the effect of low glycaemic load of food on glycaemic control and 

health outcomes among women with GDM and their infants. 

Dietary protein 

A slightly higher than normal protein intake of 1.2 to 1.5 grams per kilograms of body weight per day 

during pregnancy is needed to allow for the rapid growth of the fetus in the second and third trimester 

while also promoting the growth of the placenta, uterus and breast tissue of the mother [115,116]. The 

loss of nitrogen from protein metabolism is similar in pregnant women with or without GDM [117,118]. 

Therefore, it is suggested that adequate dietary protein intake among women with GDM is 10% to 
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35% of total daily energy intake, which does not differ from the requirements for pregnant women 

without GDM [117,118]. Nevertheless, a few studies have investigated whether additional intake or a 

different type of dietary protein improves health outcomes among women with GDM (Table 1.7).  

A double-blinded randomised controlled trial of 50 women compared the intake of protein hydrolysate 

drink (8.5 grams of protein) twice daily with a placebo that contained no macronutrients before 

breakfast and dinner for eight days [119]. The mean plasma glucose concentrations were higher in 

the control group than the intervention group; however, insulin concentrations did not differ between 

groups [119].  

A randomised controlled trial in 68 women with GDM assessed the effect of soy intake (35% animal 

protein, 35% soy protein, and 30% other plant protein) compared to a control group (70% animal 

protein and 30% plant protein) for six weeks on perinatal outcomes [120]. Soy intake significantly 

improved serum triglyceride concentrations compared to the control group [120]. Higher rates of 

neonatal hyperbilirubinemia and hospitalisation were found in the control group, but there was no 

difference in the rate of macrosomia between the treatment groups [120].  

Another randomised controlled trial of 62 women with GDM compared replacing 25% of cereals in the 

diet with soya to a control group [121]. No difference was found in any post-meal glucose 

concentrations. Similarly, the soy diet did not affect gestational weight gain in the mother or the risk of 

the infant being born LGA [121]. 

Dietary fat 

Fat intake is important during pregnancy as a source of energy, for the synthesis of cell membranes 

and as precursors of bioactive compounds [122]. Unsaturated fats are important for fetal health, 

growth and long-term development, and in the reduction of maternal inflammation [123,124]. 

Unsaturated fats have also been reported to improve the glycaemic profile in adults with type 2 

diabetes [125]. An increase of monounsaturated fatty acid intake improved glycaemic concentrations 

and decreased insulin resistance, while an increase in polyunsaturated fatty acids intake also 

increased insulin secretion capacity among adults with type 2 diabetes [125]. The role of unsaturated 

fat has been explored in women with GDM (Table 1.8). 
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Table 1.7. Studies investigating maternal dietary protein intake for the management of GDM  

Author, year Country Study design Participants Dietary intervention(s) Finding(s) 

Saleh, 2018 

[119] 

Netherlands Randomised control 

trial 

50 women with 

GDM 

Protein hydrolysate (8.5 grams of 

protein) drink twice daily or placebo 

drink (contains no macronutrients) 

twice daily for eight days. 

Higher mean glucose concentrations in the 

placebo group compared to intervention. Insulin 

concentrations did not differ between groups. 

Jamilian, 2015 

[120] 

Iran Randomised control 

trial 

68 women with 

GDM 

Soy (35% animal protein, 35% soy 

protein, and 30% other plant 

protein) diet or control (70% animal 

protein and 30% plant protein) diet. 

Improved serum triglyceride concentrations in 

soy group compared to the control group. 

Higher rates of neonatal hyperbilirubinemia and 

hospitalisation in the control group, but no 

difference in macrosomia between groups. 

Sarathi, 2016 

[121] 

India Randomised control 

trial 

62 women with 

GDM 

25% of cereals in diet replaced with 

soya or standard diet from GDM 

diagnosis to delivery.  

No difference in post meal glucose 

concentrations, gestational weight gain or 

infants born LGA between groups.  

Abbreviations: GDM, Gestational Diabetes Mellitus; LGA, Large-for-gestational-age.  
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Table 1.8. Studies investigating maternal dietary fat intake for the management of GDM  

Author, year Country Study 

design 

Participant

s 

Dietary intervention(s) Finding(s) 

Wang, 2015 

[126] 

China Randomised 

controlled 

trial 

84 Chinese 

women with 

GDM 

High unsaturated fat diet (45 to 50 grams of sunflower 

oil daily) or low unsaturated fat diet (20 grams of 

sunflower oil daily) for six to eight weeks. 

Fasting, two hour postprandial blood glucose, and 

insulin resistance decreased in both groups but did 

not differ between the groups. No difference in 

gestational weight gain, infant birthweight, or 

incidence of macrosomia between groups. 

Lauszus, 2001 

[127]  

Denmark Randomised 

controlled 

trial 

27 women 

with GDM  

A high carbohydrate diet or high monosaturated fat 

diet for seven weeks.   

Decreased insulin sensitivity in the high 

monosaturated fat diet group compared to the high 

carbohydrate diet. No difference in infant birthweight 

between groups.  

Jamilian, 2018 

[128] 

Iran Randomised 

controlled 

trial 

40 women 

with GDM 

One gram of fish oil or placebo twice daily for six 

weeks. 

Decreased fasting glucose concentrations in the fish 

oil group compared to placebo, but no difference in 

serum insulin concentrations. 

Samimi, 2015 

[129] 

Iran Randomised 

controlled 

trial 

56 women 

with GDM 

One gram of omega-3 supplements or placebo daily 

for six weeks. 

No difference in fasting blood glucose 

concentrations between groups. 

Jamilian, 2017 

[130] 

Iran Randomised 

controlled 

trial 

60 women 

with GDM 

One gram of omega-3 from flaxseed oil and 400 IU of 

vitamin E supplements or placebo for six weeks. 

Lower neonatal hyperbilirubinemia rates in the 

Vitamin E group, but no difference in the incidence 

of caesarean section, preterm delivery, or 

macrosomia between groups 

Abbreviations: GDM, Gestational Diabetes Mellitus.  



 

 
pg. 19 

A randomised controlled trial allocated 84 women with GDM to either a high unsaturated fat diet (45 to 

50 grams of sunflower oil daily) or a lower unsaturated fat diet (20 grams of sunflower oil daily) [126]. 

Fasting glucose concentrations, two hour postprandial glucose concentrations, and insulin resistance 

decreased in both groups, but did not differ between groups [126]. No difference was found between 

the two groups in gestational weight gain, fasting blood glucose concentrations, infant birthweight or 

macrosomia [126]. However, in another randomised controlled trial, 27 women with GDM were 

randomised to either a high carbohydrate diet or high monounsaturated fatty acid diet for seven 

weeks [127]. The monounsaturated fatty acid diet decreased insulin sensitivity by 34% while this 

increased by 14% in the high carbohydrate diet group. There was no difference in infant birthweight 

between the groups [127]. 

Another trial randomised 40 women with GDM to consume either one gram of fish oil or placebo twice 

daily for six weeks and reported decreased fasting glucose concentrations in the fish oil group 

compared to placebo, but no difference in serum insulin concentrations [128]. A double-blinded 

randomised controlled trial involving 56 women with GDM found that consuming one gram of omega-

3 daily for six weeks compared to placebo did not alter fasting blood glucose concentrations [129]. 

However, a randomised controlled trial that allocated 60 women with GDM to either one gram of 

omega-3 from flaxseed oil with 400 IU vitamin E or placebo for six weeks reported lower neonatal 

hyperbilirubinemia rates in the Vitamin E group, but no difference on the incidence of caesarean 

section, preterm delivery, or macrosomia between groups [130].  

A meta-analysis of five randomised controlled trials, including the trials previously mentioned, 

involving 378 women with GDM reported omega-3 supplementation reduced fasting glucose 

concentrations and insulin resistance, but did not impact perinatal health outcomes such as preterm 

birth, gestational age at delivery, infant birthweight, and macrosomia [131]. However, the trials 

included in the analysis had low sample size and larger trials are needed to confirm these findings.  

Additional nutrients and supplements 

Micronutrients play a key role in the health of the fetus during pregnancy [132]. Inadequate 

consumption of micronutrients such as iron, folate and zinc during pregnancy can lead to 

complications in fetal development and cause long-term adverse health outcomes in the infant [132]. 

Like macronutrients, the need for micronutrients increases during pregnancy, but evidence suggests 
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that micronutrient requirements do not differ between pregnant women with or without GDM [133]. 

However, the use of additional supplementation has been studied for the management of GDM due to 

their possible effects on glycaemic profiles [134].  

Supplementation with Vitamin D has been considered in the management of GDM as it has been 

reported to play a key role in increasing insulin secretion by the pancreatic beta cells [135]. A meta-

analysis of five randomised controlled trials involving 326 women with GDM compared vitamin D 

supplementation of 1,000 IU/day to 4,762 IU/day with placebo for 4 to 16 weeks [136]. The 

intervention group had lower fasting blood glucose concentrations, lower HbA1c concentrations, and 

decreased serum insulin concentrations compared to the control group [136]. Another meta-analysis 

of five randomised control trials which included the same three trials as the previously mentioned 

meta-analysis [136], involved 310 women with GDM supplemented with 500 to 200,000 IU/day of 

vitamin D for six to 16 weeks [137]. Vitamin D supplementation decreased fasting plasma glucose 

concentrations but no difference was found for fasting serum insulin concentrations between the 

intervention and placebo groups [137].  

Probiotics have been investigated to manage GDM as they have been shown to influence glucose 

homeostasis in healthy pregnant women [138]. A meta-analysis that included six randomised 

controlled trials that involved 830 women with GDM studied the effect of probiotic supplementation 

between six weeks to three months during pregnancy [139]. Probiotic supplements reduced fasting 

serum insulin concentrations and insulin resistance but did not reduce fasting glucose concentrations 

or gestational weight gain. Similar results were found in another meta-analysis of four randomised 

controlled trials that involved 288 women with GDM using probiotic supplements compared to placebo 

for six to eight weeks [140]. No difference was found in fasting blood glucose concentrations, 

gestational weight gain, mode of birth, or neonatal health outcomes between groups. Most of the trials 

in both meta-analyses had small sample sizes, leading to uncertain conclusions on their impact on 

GDM management [139,140]. 

The use of other different kinds of supplementation to aid in the management of GDM has been an 

emerging topic, including myoinositol, vitamin B6, selenium and magnesium. The small number of 

studies and sample sizes have led to inconsistencies and no consensus on the findings [141].  
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1.2.2 Exercise intervention 

Regular physical activity during pregnancy is associated with improved health outcomes in pregnant 

women and their infants, such as reduced risk of excessive gestational weight gain, caesarean 

section, perinatal depression, and macrosomia [142]. The proportion of healthy women exercising 

during pregnancy has been reported to be between 4.7% to 48.8% globally, and women tended to 

exercise less as their pregnancy progressed [143–146]. The majority of New Zealand women who 

had an exercise regimen pre-pregnancy continued their exercise into pregnancy, and those who did 

not exercise pre-gestation did not start exercising during pregnancy [147]. Among women with 

borderline GDM in New Zealand, four out of five planned to improve their lifestyle (diet with or without 

exercise) to improve GDM management [148].  

Exercise intervention among women with GDM was not previously considered due to fear of health 

complications in the fetus. One of the first randomised trials to investigate the impact of exercise 

among insulin dependent women with GDM was conducted in 1991 [149]. Among the 34 women with 

GDM who completed the trial, all 17 women in the exercise group successfully controlled their 

glucose concentrations without the need for insulin compared to the 17 women in the group who did 

not exercise [149]. The incidence of maternal and infant complications did not differ between the two 

groups. This trial provided insight into the benefit that exercise may provide to women with GDM and 

reduced the apprehensiveness about using exercise as a management strategy for women with 

GDM. Further studies demonstrated improved glucose concentrations [150], and less insulin use 

[151] among women with GDM who exercised compared to no exercise.  

The recent Cochrane review ‘Exercise for pregnant women with gestational diabetes for improving 

maternal and fetal outcomes’ which included 11 randomised trials involving 638 women with GDM 

found that exercise reduced maternal fasting and post-prandial blood glucose concentrations 

compared to women who did not exercise, but did not decrease the risk of hypertension or caesarean 

section, or improve maternal BMI after pregnancy [152]. Another meta-analysis of seven randomised 

trials involving 544 women with GDM reported improved fasting and postprandial blood glucose 

concentrations among women who exercised compared to no exercise, but no difference in insulin 

use between the groups was reported [153].  
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1.2.3 Pharmacological interventions 

Pharmacological interventions such as insulin and oral hypoglycaemics are used when dietary 

therapy is insufficient for women with GDM to meet glycaemic targets. Insulin, metformin and less 

commonly glibenclamide are additional treatment options administered in New Zealand [3].  

Insulin is the most widely administered pharmacological intervention among women with GDM due to 

its widely reported safety for the fetus as insulin does not cross the placenta [154–156]. Insulin 

normalises blood glucose concentrations by inhibiting the production of glucose by the liver and by 

stimulating glucose uptake in the cells [157]. Oral hypoglycaemics control blood glucose 

concentrations by increasing insulin sensitivity and reducing the amount of insulin needed to achieve 

glycaemic targets. Unlike insulin, oral hypoglycaemics can cross the placenta and therefore were less 

commonly used than insulin. However, oral hypoglycaemics, particularly metformin, have gained 

popularity among women with GDM as they are more convenient, less expensive and less invasive 

than insulin administration [158]. In New Zealand, metformin as the first line of pharmacological 

therapy among women with GDM is becoming more acceptable than insulin [159].  

Both insulin and metformin are comparable in normalising maternal glucose concentrations in women 

with GDM [160,161]. A randomised controlled trial conducted in Australia and New Zealand of 751 

women with GDM compared perinatal outcomes between insulin and metformin use [159]. Infants of 

women who used metformin were more likely to be born preterm but less likely to have severe 

hypoglycaemia than infants in the insulin group. At 36 weeks’ gestation, women allocated to 

metformin had gained less weight than those allocated to insulin and lost more weight postpartum 

[159]. A cohort study compared 7,268 women with GDM in New Zealand treated with either insulin or 

metformin, reported less risk of elective caesarean section, infants born LGA, and neonatal 

hypoglycaemia among the metformin group [162]. A meta-analysis of 22 studies involving 2,801 

women with GDM that compared insulin and metformin use found that infants born to women who 

took metformin were smaller with less lean mass than infants exposed to insulin [163]. Another meta-

analysis of five randomised trials involving 1,270 women with GDM reported lower gestational weight 

gain, gestational age at delivery, and incidence of pregnancy induced hypertension but higher 

incidence of preterm birth in the metformin group compared to the insulin group [161].  
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While the most appropriate diet to manage GDM is still unclear, dietary intervention is the first-line 

therapy. A combination of diet, exercise, insulin, or oral hypoglycaemic agents may be prescribed by 

health professionals to normalise maternal blood glucose concentrations among women with GDM. 

Using the evidence on the strategies to manage GDM from the current literature to make 

recommendations for care can aid health professionals in making informed clinical decisions.  

1.3 Clinical Practice Guidelines 

1.3.1 Definition and importance 

Clinical practice guidelines (CPG) are defined as ‘systematically developed statements to assist 

practitioner and patient decisions about appropriate health care for specific clinical circumstances’ 

[164]. The primary purpose of CPGs is to decrease the use of interventions that may be ineffective or 

harmful to patients. The implementation of high-quality CPG recommendations in clinical settings can 

minimise the risk of complications, ensure efficient treatment, lower the burden on the healthcare 

system, reduce the need for further treatment and decrease the inefficient use of resources [165]. 

CPGs are intended to be used in clinical practice by both health professionals and patients, and 

therefore it is important the recommendations are flexible enough to be tailored to the target 

populations’ preferences and values [166]. CPGs are usually created to be implemented in the area in 

which they were developed to aid in acceptability among users. This can help reduce variation in 

practice and increase uniformity of treatment plans among health professionals across the same 

geographical area [167]. 

1.3.2 Development process 

The systematic process for developing a CPG can be summarised in five key steps [168]. 

Step 1. Clinical question: A topic of concern is first identified by the CPG developer, based on health 

priority [166,168]. The selected topic is refined to narrow the scope of the issue. Clinical questions are 

formed by the CPG development panel and consist of key issues associated with the topic. The 

responsibilities of the CPG development panel include the review of evidence, drafting CPG 

recommendations, and assuring no bias is introduced during the developmental process [169]. 

Therefore, the CPG development panel should consist of a multi-disciplinary team to ensure that a 

diverse background and wide range of opinions is available to review the evidence and make reliable 
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recommendations, to ultimately increase the likelihood of successful and effective implementation of 

the CPG into practice [170–173]. The panel usually includes experts from academic, clinical, 

professional and governmental backgrounds, methodologists with knowledge in evidence synthesis 

and members from the community [174].  

The PICO framework – Population or Problem, Intervention, Comparison and Outcome - is effective in 

the formulation of the clinical questions [175]. Key issues that can be addressed by these questions 

include the best practice, effect of the possible outcome on health status, discrimination within the 

population, reducing health inequalities or the overall effect the CPG may have on public health.  

Step 2. Systematic search: After deciding on the relevant clinical questions, the literature is searched 

and reviewed to identify the evidence currently available. The keywords, databases used, years and 

language of the search should be reported to allow a more thorough, transparent, and reproducible 

search strategy.  

Step 3. Evidence appraisal: Results from the systematic search are screened according to relevance 

to the clinical questions. Relevant studies are rated according to the level of evidence (Figure 1.1), 

and the quality of evidence [176].   

Figure 1.1. Hierarchy of research level by design of the study  

The quality of evidence depends on the methods used by the researchers to minimise bias in order to 

not overemphasis the findings of the study [177]. The most commonly used grading tool to assess 

evidence quality is GRADE (Grades of Recommendation Assessment, Development and Evaluation) 

which classifies evidence into high, moderate, low or very low quality (Table 1.9) [178].  

Meta-analyses

Systematic Reviews

Randomised Clinical Trials

Cohort Studies

Case-Control Studies

Case Series and Studies

Expert Opinion
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Table 1.9. Quality of evidence based on GRADE tool [178] 

While quantitative data is more robust, incorporating qualitative data when formulating 

recommendations can provide a clearer insight on the values, preferences and concerns of the CPG 

target audience, and the acceptability of the recommendations in clinical practice among CPG users 

[179]. Some evidence may not be available in the literature or may be of poor quality, and in these 

circumstances expert opinion or consensus from the multidisciplinary CPG development panel is 

often used to make recommendations.  

Step 4. Integration of evidence: After appraising the evidence, recommendations are formed to 

answer each of the research questions. The statements are graded according to the quality of the 

evidence-base behind them, and the effect they have on the desired outcome, whether it be positive, 

negative or no effect. The quality of evidence is an important determinant in the assurance of clinical 

importance [177]. However, it is important to point out that high quality evidence may not necessarily 

lead to strong recommendations being made. Evidence from a clinical trial may show promising 

results, but a clinical expert may predict harmful outcomes and consequences that may arise and may 

not have been considered in the clinical trial [180]. 

Furthermore, evidence must be looked at from a clinical standpoint as well as a realistic approach of 

implementing a recommendation. Ideally, this can be achieved by expert opinion, or by consumer 

input. CPGs need to be flexible and adaptable according to the patient’s individualised values and 

circumstances [181]. This may include access to available treatments, training of staff, location of 

health care, and availability of specialist services.  

A balance sheet can carefully weigh the pros and cons of considering different kinds of treatments 

and demonstrate the benefits and harms the treatments may cause to the patient and healthcare 

professional [182]. This assists the CPG development panel in making judgements for approving or 

rejecting the treatments in recommendations. Furthermore, economic appraisal is needed before 

Grade of evidence Definition 

High quality Further research is very unlikely to change our confidence in the estimate of effect 

Moderate quality Further research is likely to have an important impact on our confidence in the estimate 

of effect and may change the estimate 

Low quality  Further research is very likely to have an impact on our confidence in the estimate of 

effect and is likely to change the estimate 

Very low quality  The estimate is very uncertain 
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implementing CPGs as they should not burden the health care system financially [183]. Being mindful 

of the country’s available resources is crucial in maintaining economic integrity while also promoting 

efficient use of these resources. This can determine the best treatment for cost value, wisely utilise 

available resources and make sensible decisions on treatment options.  

Step 5. Evaluation of process: Prior to dissemination, an assessment of the complete CPG should be 

conducted. The development process of the CPG is evaluated by an external review group [179]. 

Evaluation of the process can be conducted by piloting the CPG with patients and practitioners in a 

real-life setting with feedback on the methods, settings and results [164].  

1.3.3 Dissemination and implementation 

Dissemination is advertising the CPG in a way that reaches the largest number of people who can 

benefit from the recommendations within the CPG, while implementation is the process of translating 

the reviewed evidence into clinical practice [184]. This is important to ensure that the CPG is available 

to health practitioners and the patients, and to optimise the proportion of practitioners who adopt the 

CPG and use it in clinical practice [184]. This can be done by planning a dissemination and 

implementation strategy for the CPG by the multidisciplinary CPG development panel.  

The main aim of dissemination is to increase accessibility of the CPG and to inform the audience of 

the availability of the CPG through active advertising [185]. A successful dissemination strategy is 

developed prior to the CPG development process and includes the target audience and key 

stakeholders [186]. While there is currently limited evidence to support which dissemination strategy 

is optimal for CPG, there are some common features that the majority of CPG include [187]. A typical 

dissemination strategy contains the dissemination objectives, key messages summarised from the 

CPG, list of materials required, budget, timeframe, delegating responsibilities, and evaluation of 

dissemination. Potential barriers as well as enablers of the dissemination and implementation of CPG 

should be identified to assist in creating a smart and efficient strategy [188]. Commonly, CPGs are 

published in journals, brochures and posters, and advertised via the media, professional associations, 

healthcare and educational institutes, educators and students, seminars, and conferences [186,188]. 

However, the availability of CPGs to health professionals doesn’t guarantee their use. Unlike the 

dissemination process, the committee has less control over the implementation of the CPG [189]. 

Responsibility for the actual implementation process falls on healthcare institutions, professionals and 
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clinical managers [190]. Systematic reviews have consistently found a positive change in practitioner 

behaviour by using educational interventions and activities to increase the uptake of guideline 

recommendations. Passive strategies such as print have proven to not be as effective as active 

strategies, such as opinion leaders, educational campaigns and workshops that encourage 

participation and are effective in changing practitioner behaviour [191–193]. However, like 

dissemination strategies, multiple implementation strategies are most effective. A combination of 

passive and active strategies is thought to increase successful implementation of the CPGs 

recommendations, with the involvement of clinical practitioners [191,194]. 

1.3.4 Quality of clinical practice guidelines 

A high quality CPG is more credible, valid and effective in clinical practice than a lower quality CPG 

[195]. A high quality CPG is reproducible with the same evidence, reliable in the same clinical 

situation, representative of all key disciplines, clinically applicable, flexible, clearly worded and up-to-

date [196]. A lower quality CPG can include poor quality research, different interpretations of evidence 

and bias among the multidisciplinary committee [197]. 

Many tools have been developed to assess the quality of CPGs. However, the current gold standard 

is the Appraisal of Guidelines for Research & Evaluation (AGREE) instrument. The AGREE tool was 

developed by international CPG developers and researchers in 2003 and has been translated to over 

20 languages [198]. The AGREE tool has since been updated to AGREE II which refined the original 

instrument into a valid and reliable tool [199–201]. These tools do not assess the evidence-base 

behind the recommendations, but rather assess the methodology of the CPG. The AGREE II 

instrument comprises of a checklist and was developed focusing on six domains of CPG as follows: 

1. Scope and purpose: the overall aim of the CPG, objectives, clinical questions, and the 

population it is intended for are suitable.  

2. Stakeholder involvement: background information on the multidisciplinary CPG development 

panel, and how much they contributed to the process is mentioned and appropriate.  

3. Rigour of development: focuses on the formulation of the recommendation based on the 

search strategy of the literature, selection of evidence, and risks and benefits of the 

intervention.  
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4. Clarity and presentation: the language, structure, and format of the CPG is user friendly, and 

the ease of finding the key recommendations. 

5. Applicability: changes, costs and resources needed to implement the recommendations within 

the organisation. Barriers and enablers of the implementation and strategies to enhance 

usability of CPG are mentioned. 

6. Editorial independence: biases from funding from organisations and conflicts of interests are 

declared. 

Systematic reviews have appraised the characteristics of different tools for the quality of CPGs [202–

204]. Unlike the 38 other tools reviewed, AGREE II and German Instrument for Methodological 

Guideline Appraisal (DELBI) assessed the conflicts of interests, consumer involvement, qualitative 

appraisal, as well as the process towards uniform consensus on the CPG recommendations. While 

DELBI and AGREE II both achieve a comprehensive assessment of CPG quality, the AGREE II tool is 

validated and has been used internationally while DELBI has been mostly developed for use in 

Germany [205].  

CPGs for the dietary management of GDM have been developed and used internationally. A 

systematic review conducted by Tsirou et al. compared the dietary recommendations between 21 

CPGs on the management of GDM [206]. Using the AGREE II tool, most CPGs lacked stakeholder 

involvement, applicability, editorial independence, and rigor of development of the recommendations. 

The study reported the need for more evidence-based CPGs, but no study has investigated the 

evidence base behind the formulation of the recommendations.  

1.3.5 Gaps in the literature 

Some women can successfully manage GDM via diet alone, yet the optimal diet for the management 

of GDM is unknown. The research gaps that need to be addressed are:  

• What is currently being recommended for the dietary management of GDM? 

• Do CPGs dietary recommendations for the management of GDM differ across the world? 

• What is the quality of the CPGs for the dietary management of GDM? 

• What is the evidence-base behind the formulation of the dietary recommendations for 

management of GDM? 
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• Do any research gaps exist within the CPGs dietary recommendations for the management of 

GDM? 

Having identified these specific evidence gaps I intend to address these within this thesis by 

undertaking the following research: 

Aim 1. To review the current New Zealand and international dietary CPG recommendations for the 

management of GDM. 

1.4 Dietary Adherence to Clinical Practice Guideline Recommendations 

1.4.1 Definition and importance 

Adherence can be defined as 'the extent to which a person's behaviour - following a diet and/or 

executing lifestyle changes - corresponds with agreed recommendations from a health care provider' 

[207]. Dietary adherence involves behavioural change, specifically change of habitual dietary intake, 

through guidance and agreement between the patient and their healthcare professional [208]. This 

can include discussion on the optimal treatment plan, frequency of visits, recording dietary intake, and 

strategies to form healthier eating habits, all while taking into consideration the patients’ preferences 

and values [209]. 

Low adherence to CPG recommendations is a common obstacle that health professionals encounter 

and can result in suboptimal prevention and management of diseases by reducing the effectiveness 

of an intervention [209]. High glucose concentrations in diabetic patients from poor adherence to the 

dietary recommendations may require additional treatment through exercise, insulin or oral 

hypoglycaemics. For each of these interventions to be of real benefit, adherence is needed. The 

additional cost of these treatments can increase burden on the patient and the healthcare sector and 

may exaggerate the risk of development of further complications [209]. 

1.4.2 Assessing dietary adherence  

Currently, no gold standard exists for the assessment of dietary adherence. An optimal dietary 

adherence tool should determine the degree of adherence to the specified management plan [210]. 

Scoring systems have been developed to assess adherence to a pre-specified outcome, such as the 

amount of dietary cholesterol present in food, while other tools measure the dietary adherence to 
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specific CPG recommendations or dietary interventions, using tools such as the Healthy Eating Index 

for the American Healthy Eating CPG or the Mediterranean Diet Score [211,212]. Where no 

appropriate scale exists, original scales have been developed to assess dietary adherence to the 

CPG recommendations or to specific dietary components [213–216].  

Regardless of the tool used, all these scoring systems are limited by the accuracy of the dietary data 

recorded [217]. When assessing dietary adherence, most commonly used methods are a participants’ 

self-reporting such as food frequency questionnaires (FFQs), 24-hour dietary recalls, and food 

records [218]. An ideal dietary adherence tool or method should be easy to use, have low participant 

burden, low cost and be validated, which is why FFQs are most frequently used [210]. FFQs have 

been reported to evaluate dietary adherence to the recommended intake of food and food groups as it 

can be adapted to the target population [219].  

In diabetes studies, HbA1c measurements and glycaemic profiles have been evaluated to measure 

adherence to the diabetic diet plan [210]. Laboratory tests have also been used to assess individual 

intake of certain nutrients such as cholesterol [220]. In the management of women with GDM, a 

variety of methods have been used to assess dietary adherence to study interventions (Table 1.10). 

The different methods to assess dietary adherence may lead to misinterpretation of the effectiveness 

of the intervention on the desired outcome [221]. Furthermore, comparing the dietary adherence rates 

across studies is difficult as no standard classification of ‘poor’ or ‘good’ dietary adherence exists 

[222].  

1.4.3 Behaviour changes during pregnancy 

The modification of an existing habit is a complex process that involves the individual and the 

environment surrounding them. Pregnancy is believed to be one of the most receptive times for 

behaviour change in women as the relationship between her and the fetus grows [223]. During 

pregnancy some behaviours, such as smoking cessation, may need to be initiated, maintained, or 

modified to achieve a healthy pregnancy. Setting goals, planning to reach them, receiving feedback 

and monitoring progress have been the most commonly reported influences to encourage lifestyle 

change in pregnant women [224–227].  
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Table 1.10. Assessment of dietary adherence in studies of women with GDM 

Study 

design 

Participants Intervention Different methods to assess 

dietary adherence in trials 

Crossover 

randomised 

controlled 

trial [99] 

N=16 Isocaloric diets for total of 12 days (3 days 

each, washout diet twice) at 29-32 weeks’ 

gestation 

1. Control/washout diet of 50% TE 

carbohydrate, 35% TE fat, 15% TE fat. 

2. Low carbohydrate (40% TE), high fat 

(45% TE), protein (15% TE). 

3. High complex carbohydrate (60%), low 

fat (25%), protein (15%). 

A food preference questionnaire 

was given to participants and 

food was provided accordingly. 

Investigators/dietitians 

contacted participants in person 

five times a day for all days of 

the study to assess dietary 

adherence. 

Randomised 

controlled 

trial [101] 

N=30  Intake for 14 days. 

1. Low carbohydrate (45% TE), fat (30% 

TE) and protein (25% TE) 

2. High carbohydrate (60% TE), fat 

(15%) and protein (25% TE) 

A questionnaire was provided to 

the participants to assess 

dietary adherence 

Crossover 

randomised 

trial [102] 

N=12 At least 30 weeks’ gestation, isocaloric 

diets of 46% TE carbohydrate (only whole 

grains), 34% TE fat and 20% TE protein for  

1. High morning carbohydrate diet of 

50% in the morning, 40% at lunch and 

10% at dinner 

2. Low morning carbohydrate diet of 10% 

in the morning, 40% at lunch and 50% 

at dinner. 

24-h diet recall and pictures of 

main meals and any leftover 

food was reported to assess 

dietary adherence 

Randomised 

controlled 

trial [108] 

N=63 Intake of 3 meals and 2-3 snacks per day 

1. Low glycaemic diet and avoided eating 

white bread, potatoes, processed 

cereals, and rice 

2. High glycaemic diet of a high fibre low 

sugar content such as potatoes, whole 

wheat bread and cereals. 

Sample food baskets were 

provided. 24-hour recall, a 3-

day food record and a 7-day 

food record was reported. Visits 

with a dietitian to further assess 

dietary adherence. 

Double 

blinded 

randomised 

trial [119] 

N=50 Intake for eight days 

1. Protein hydrolysate (8.5 grams of 

protein) drink twice daily 

2. Placebo drink (contains no 

macronutrients) twice daily  

Unused or empty packages of 

the drinks were returned at the 

end of the study to assess 

dietary adherence. 

Randomised 

controlled 

trial [120] 

N=68 Intake for six weeks. 

1. Control diet of 0.8-1.0 grams/kg/day of 

70% animal protein and 30% plant 

protein 

2. Soy diet (35% animal protein, 35% soy 

protein, and 30% plant protein)  

Three-day food records of two 

working days and one weekend 

day to assess dietary 

adherence. 

Randomised 

controlled 

trial [127] 

N=27 Isocaloric diets at 33 weeks’ gestation for 

seven weeks 

1. High carbohydrate  

3. High monounsaturated fatty acids 

Weighed food records at entry 

and at 37 weeks’ gestation for 

three working days and one 

weekend day to assess dietary 

adherence. 

Abbreviations: TE, Total Energy. 
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Despite this, behaviour change in women with diabetes has been reported to be challenging, 

especially factoring in the physiological changes that arise with pregnancy [228]. Nausea, aversions 

to certain food and smells, food cravings, lack of appetite, heartburn and fatigue are common in 

pregnancy and can influence dietary choices. As GDM is diagnosed towards the second half of 

pregnancy, it is thought that the mother has more of an emotional attachment to their baby when 

compared to the first half of pregnancy as the feeling of the baby’s movements increases [223]. This 

increase in maternal-fetal relationship may also enhance the feeling of guilt and anxiety due to feeling 

responsible for their baby’s health [229]. Feelings of depression and fear for their baby have been 

reported in women after a GDM diagnosis [230,231].   

Several social-cognitive theories have been developed to understand the psychology and factors 

behind changing a pre-existing behaviour, but they have rarely evaluated promotion of dietary 

adherence [232,233]. The commonly reported factors include attitude, subjective norms, intention to 

change and self-efficacy [234–236]. Among pregnant women in New Zealand, four main themes were 

identified that changed their eating behaviour; (1) emotional and physical feelings, (2) external 

influences such as eating advice, and cultural and social pressure, (3) knowledge and beliefs, and (4) 

motivation to change such as for increased safety for the baby [237]. Individualising dietary therapy 

can help overcome some of these issues, as a less restrictive dietary intervention allows the mother 

to have a greater feel of control in dietary choices, and encourages a selection of more food options 

which helps reduce internal conflict in the mother [238,239]. 

Adapting the mother’s dietary intake to a diabetic regimen during the second half of pregnancy adds 

additional strain to cope with GDM management [231,238]. Furthermore, acceptance of the disease 

diagnosis among type II diabetic patients has been reported to correlate with dietary adherence, and 

this may also apply to women with GDM [216]. With additional factors of reported culturally insensitive 

dietary therapy, a more restrictive dietary intake, social stigma, a more time-consuming regimen and a 

lack of emotional, financial and psychological support, it is important to identify and be mindful of 

these factors when recommending behaviour change in women with GDM [230,240–244].  

1.4.4 Influence of sociodemographic factors on dietary adherence 

Poor adherence to dietary CPG recommendations during pregnancy has been reported globally [245–

251]. Dietary adherence during pregnancy has been reported to decrease in all food groups - 
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vegetables, fruits, protein foods, cereals, and dairy products - when compared to dietary adherence 

prior to pregnancy [252]. Globally, pregnant women mostly failed to adhere to the recommended 

servings of the vegetable and cereal food groups, as well as to the dietary fat intake 

recommendations [250].  

Poor adherence to dietary recommendations during pregnancy can be influenced by maternal 

characteristics [246–251,253,254]. A systematic review of 18 studies assessing the degree of dietary 

adherence among women through the preconception and pregnancy period identified three main 

predictors of dietary adherence [250]. Among pregnant women, a higher level of education was the 

prime predictor of dietary adherence, as well as non‐smoking status, and older age [250]. 

Maternal characteristics have also been reported to influence dietary adherence among pregnant 

women with GDM. At 34 weeks’ gestation, 44% of pregnant women with and without GDM in 

Southampton, United Kingdom did not consume the recommended five servings of fruits and 

vegetables daily [248]. These women were more likely to have lower educational qualifications, be 

younger in age, felt more nauseous at 11 weeks’ gestation and had a higher BMI at 34 weeks’ 

gestation than those who adhered to the recommended fruit and vegetable intake [248]. Similarly, a 

study in Denmark showed that women with GDM who had a lower BMI were significantly more likely 

to adhere to the dietary recommendations [255]. A cohort study of pregnant women in Ireland that did 

not exclude women with GDM reported less than one percent adhered to all dietary recommendations 

during pregnancy [256]. However, over 80% of women adhered to the fruit and vegetables 

recommendation, while approximately 25% of women consumed the recommended carbohydrate and 

dairy intake [256]. Maternal age, education level, ethnicity, and BMI were not related to dietary 

adherence among these women [256]. However, this study assessed adherence throughout the entire 

pregnancy rather than during the second half of pregnancy and may therefore not be indicative of a 

woman’s dietary intake after the diagnosis of GDM.  

In New Zealand, a recent cohort study reported that most women diagnosed with GDM received 

information to support dietary behaviour change [257]. Compared to pregnant women not diagnosed 

with GDM, lower intake of diets high in fat, sugar, and simple carbohydrates were reported among 

women with GDM [257]. The study measured adherence for women with GDM against the Ministry of 

Health (MOH) CPG developed for a healthy pregnancy [258], but the MOH CPG specifically 

developed for the management of GDM in New Zealand was not used in the study [3]. The dietary 
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adherence of pregnant women, including women diagnosed with GDM, was found to be poor in New 

Zealand [253]. All the food group recommendations were adhered to by just three percent of pregnant 

women, and approximately 25% of women did not meet the recommended intake in any of the food 

groups. Women failed mostly to adhere to the recommendations for lean meat, meat alternatives and 

eggs food group, followed by bread and cereals, and vegetables [253]. Over 58% of women adhered 

to the recommended servings of milk and milk products, and 82% consumed the recommended 

amount of fruit daily.  

The association between maternal characteristics and adherence varied across the food groups 

among pregnant women in New Zealand [256]. Ethnicity influences food choices among pregnant 

women in New Zealand. Māori, Pacifica, and Asian women were more likely to adhere to the 

recommended intake of the lean meat food group compared to European women. Māori women were 

more likely to adhere to the recommendations for the breads and cereals food group, and the 

healthier breads and cereals food group, while Asian women were less likely to adhere to the 

recommended intake of healthier breads and cereals and reduced-fat milk food groups [253].  

Maternal age influenced dietary choices among pregnant women in New Zealand. Women between 

20-29 years were less likely to adhere to the recommended fruits and vegetables, healthier breads 

and cereals servings, while women older than 40 years were more likely to adhere to the 

recommended healthier breads and cereals. Parity, education level and household income was also 

associated with dietary adherence among pregnant women in New Zealand [253]. 

A qualitative study conducted in New Zealand aimed to identify the facilitators and barriers to women 

with GDM reaching optimal glycaemic targets [259]. From the sixty women recruited, one of the 

reported diet-related facilitators included having their meals cooked for them by family members 

according to the GDM diet recommendations, which encouraged women to increase vegetable intake, 

and decrease the purchase of high sugar beverages [259]. Support from outside the household, such 

as provision of healthy food from colleagues and friends also enabled women to follow the dietary 

recommendations while their offering of unhealthy food was a barrier to achieving glycaemic targets 

[259]. Identified diet-related barriers to achieving glycaemic control were feeling hungry, lack of visual 

information on food choices and lack of food diaries in their preferred language [259]. However, the 

study did not measure dietary intake in the women, nor evaluate their dietary adherence to CPG 

recommendations.  
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1.4.5 Gaps in the literature 

The research gaps that need to be addressed are:  

• Are women with GDM in New Zealand adhering to the CPG dietary recommendations for the 

management of GDM? 

• What factors can influence dietary adherence among women with GDM in New Zealand? 

Having identified these specific evidence gaps I intend to address these within this thesis by 

undertaking the following research: 

Aim 2. To investigate dietary adherence among women with GDM to the current New Zealand dietary 

CPG recommendations. 

1.5 Dietary Adherence and Maternal and Infant Health Outcomes 

To our knowledge, there are limited studies on the impact of adherence to dietary recommendations 

on pregnancy health outcomes among women with GDM. A prospective cohort study conducted in 

Zimbabwe assessed adherence of 157 pregnant women with diabetes to anti-diabetic therapy and its 

association on perinatal outcomes [260]. The anti-diabetic therapy consisted of dietary intervention, 

physical exercise, and pharmacological intervention, and 30.6% of the study participants had GDM 

[260]. Better adherence to the anti-diabetic regimen was associated with reduced risk of caesarean 

section, neonatal hypoglycaemia, and perinatal mortality, but no difference in maternal 

hypoglycaemia, preterm birth or macrosomia rates [260].  

The current evidence on the influence of maternal adherence to the non-dietary recommendations for 

the management of GDM shows promising results. High maternal adherence to the gestational weight 

gain recommendations and recommendations on pharmacological therapy of insulin and oral 

hypoglycaemics have been associated with improved maternal and infant health outcomes. A 

retrospective cohort study conducted in Denmark investigated the impact of gestational weight gain 

(according to the IOM CPG) on maternal and infant health outcomes among 382 women with GDM. 

Over 50% of women gained below the recommended amount of weight, 31% gained above the 

recommended amount and 16% achieved the recommended weight gain [261]. Women who gained 

weight above the recommended amount had a lower rate of vaginal delivery and greater rates of 

emergency caesarean sections compared to women who gained below or achieved the 
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recommended amount. No difference was found in preterm birth, SGA, LGA, admission to the 

neonatal intensive care unit, respiratory distress, or jaundice between the three weight gain groups 

[261].  

Low rates of adherence to the weight gain recommendations among women with GDM have been 

reported in Australia [87,262]. A higher risk for caesarean section [87], neonatal hypoglycaemia [262], 

macrosomia, and LGA was reported in women who exceeded the recommended weight gain [87]. 

Similar results were reported for excessive weight gain on the risk of LGA in other populations from 

South Korea and the United States [262–265]. It is uncertain whether there is a lower risk of infants 

being born SGA among women achieving less than the recommended weight during gestation, as 

inconsistent results have been reported [87,262].  

A systematic review of 15 cross‐sectional and two case-control studies investigated dietary 

adherence of 15,675 pregnant women without GDM and suggested that dietary adherence during 

pregnancy may have a greater impact on health outcomes than the type of diet consumed [250]. 

Assessing the dietary adherence among women with GDM may identify ways to improve maternal 

and infant health outcomes. 

1.5.1 Gaps in the literature 

Adherence to the non-dietary recommendations for the management of GDM influence maternal and 

infant health outcomes, yet the influence of adherence to the dietary recommendations on maternal 

and infant health outcomes has not been well investigated. The research gap that needs to be 

addressed are:  

• Does maternal adherence to the dietary recommendations influence health outcomes of 

mothers with GDM and their infants? 

Having identified this specific evidence gap, I intend to address these within this thesis by undertaking 

the following research: 

Aim 3. To explore whether maternal adherence to CPG dietary recommendations influences the 

health outcomes of mothers with GDM and their infants. 
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1.6 Summary of Thesis Aims and Key Research Objectives  

This literature review has identified several gaps in the current evidence base about the dietary 

management for women with GDM. This thesis will attempt to address these. Therefore, this thesis 

has the following three key aims: 

Aim 1. To review the current New Zealand and international dietary CPG recommendations for the 

management of GDM. To do this, I will aim: 

• To investigate and compare the current New Zealand and international dietary CPG 

recommendations for women with GDM. 

• To assess the quality of international CPGs on GDM. 

• To evaluate the evidence behind the recommendations of the New Zealand and international 

CPGs. 

• To identify the research gaps in dietary recommendations in CPGs for GDM. 

Aim 2. To investigate dietary adherence among women with GDM to the current New Zealand dietary 

CPG recommendations. To do this, I will aim: 

• To determine the proportion of mothers in New Zealand that adhere to the dietary CPG 

recommendations. 

• To assess maternal demographic factors linked with dietary adherence. 

Aim 3. To explore whether maternal adherence to CPG dietary recommendations influences the 

health outcomes of mothers with GDM and their infants. 
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 Dietary Recommendations for Women with Gestational 

Diabetes Mellitus: A Systematic Review of Clinical Practice 

Guidelines 

This chapter is published in Nutrition Reviews Journal; doi.org/10.1093/nutrit/nuab005. 

2.1 Introduction 

GDM is a condition of carbohydrate intolerance that occurs in some women during pregnancy [1]. 

GDM is one of the most common complications of pregnancy, affecting between 6 and 13% of 

pregnant women globally [266], with an estimated 17 million women and their infants affected every 

year [267]. 

Poorly controlled blood glucose concentrations in women with GDM increase the risk of adverse 

consequences, including pre-eclampsia [38], operative birth [268], LGA infant and birth injuries [48]. 

Normalising maternal blood glucose concentrations is key to reducing pregnancy complications, and 

in most women with GDM this can be achieved through dietary intervention alone [56].  

Dietary recommendations in the management of GDM within CPGs have received limited review to 

date [269], and there is limited information available as to what dietary interventions are optimal for 

women with GDM [270]. Therefore, the aim of this systematic review was to review the current dietary 

recommendations within international CPGs for women with GDM.  

The study objectives were to assess the quality of CPGs for the management of GDM, to compare 

the current international dietary recommendations, to examine the strength and evidence-base behind 

those dietary recommendations, and to identify the research gaps in the evidence-base for dietary 

recommendations needing further research. 

2.2 Methods 

A systematic review was conducted of international CPGs that included dietary advice for women with 

GDM. The study protocol was prepared in accordance with the PRISMA guidelines [271] and 

registered with PROSPERO (CRD42019147848) (Appendix A). The following PICOS criteria was 

used to formulate the research question: (P) national and international CPGs that included dietary 
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management of GDM, (I) recommended dietary interventions for managing GDM, (C) none, (O) 

dietary recommendations and the evidence-base behind them, research gaps, and quality of CPGs, 

(S) national and international CPGs, including consensus statements and position papers (Table 2.1) 

[272]. 

Table 2.1. PICOS criteria 

Parameter Inclusion criteria Exclusion criteria 

(P) 

Participants 

National and international CPGs that include dietary 

management of GDM, including consensus 

statements and position papers related to the 

management of GDM. Concerning pregnant women 

with GDM, (2) address the dietary management of 

GDM, full text publicly available, available in 

English, endorsed, prepared, or authorised by a 

national or international body, published since the 

year 2000. 

CPGs that do not specify GDM,  

(I) 

Interventions 

Recommended dietary interventions to manage 

GDM during pregnancy 

GDM prevention during the pre-

conception period or between 

pregnancies. 

(C) 

Comparisons 

No control group No control group 

(O) 

Outcomes 

Dietary recommendations for management of GDM, 

evidence-base behind the dietary 

recommendations, any research gaps, and quality 

of CPGs. 

None 

(S) Study 

design 

National and international CPGs that include dietary 

management of GDM, including consensus 

statements and position papers. 

CPGs that were developed for the use 

in one institution. 

Abbreviations: GDM, Gestational Diabetes Mellitus; CPG, Clinical Practice Guidelines. 

Using the PICOS strategy, CPGs were eligible for inclusion if the following criteria were met: (1) 

specified pregnant women with GDM, (2) addressed the dietary management of GDM, (3) were 

written in English, (4) full text was publicly available, and (5) they were authorised, prepared, or 

endorsed by a national or international body. CPGs were not eligible for inclusion if they were: (1) 

under review or unpublished, (2) only for pre-existing diabetes or diabetes between pregnancies, (3) 

institutional CPGs, e.g. hospital CPGs, or (4) superceded by an updated version of the same CPG 

(Table 2.1) [272]. 

The search strategy for national and international CPGs on GDM was developed with the help of a 

librarian specialising in medical and health science. MEDLINE (via Ovid, 1946 onwards), EMBASE 

(via Ovid, 1980 onwards), CINAHL Plus, National Guidelines Clearinghouse database, National 

Institute for Health and Clinical Excellence (NICE) database and Trip database were searched from 
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January 2000 to September 2019 for any relevant studies. Databases were searched using Medical 

Subject Headings (MeSH) and free text terms related to GDM, nutrition and CPGs with Boolean 

operators ‘AND’ and ‘OR’ to combine searches (Appendix B). Grey literature of websites and health 

organisations with relevance to diabetes or nutrition were searched, including the Ministry of Health 

websites, and reference lists of studies were hand searched. 

One researcher (S.T.M) screened titles, removed any duplicates, and screened the abstracts. Two 

researchers (S.T.M, O.J.H) screened the full text of the studies independently and any discrepancies 

relating to eligibility were discussed with a third researcher to resolve if needed. Data from eligible 

CPGs were extracted independently by two researchers (S.T.M, O.J.H) into a data record. Supporting 

documents for the CPG were traced if needed. Data collected included CPG characteristics (title, year 

of publication and update, target area, and issuing organisation), dietary recommendations regarding 

the management of GDM, the evidence-base appraisal tools used, and the evidence-base behind 

recommendations. The comprehensiveness of the evidence, applicability of the recommendations 

and quality of the CPGs were assessed using the AGREE II tool [199]. This tool appraises the quality 

of a CPG based on 23 items within 6 domains: scope and purpose, stakeholder involvement, rigour of 

development, clarity of presentation, applicability, and editorial independence. Two researchers 

(S.T.M, O.J.H) independently appraised the CPGs using the My AGREE PLUS platform. Average 

scores and percentages for the two researchers were calculated for each of the items in the domains, 

as well as the total quality score. All domains were given equal importance and CPGs were classified 

based on their domain scores: high quality if all domains scored ≥70%, moderate quality if any domain 

scored ≥50% and <70%, and low quality if any domain scored <50% [199].  

Dietary recommendations for the management of GDM, their strength, quality of evidence-base used, 

and research gaps identified were compared across all CPGs. The strength of the recommendations 

made were identified from the CPGs and if not reported, the strength was determined based on 

keywords such as “should” or “suggest” that indicate the certainty of the recommendation using 

guidance from the National Institute for Health and Care Excellence (NICE) and the World Health 

Organisation CPG handbooks [169,184]. If the wording of the recommendation was considered 

ambiguous, it was discussed between the two researchers to reach an agreement (S.T.M, O.J.H). 

Dietary recommendations that may need further research were identified as research gaps. When a 

CPG reported that a research gap existed this was collated under research gaps identified by the 
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CPGs. Within a CPG if dietary recommendations were based on very low-quality evidence, 

consensus, or expert opinion, these were identified by the authors as a research gap and collated 

under research gaps identified by this study. Statistical analysis was conducted using SPSS Statistics 

for Windows Version 23 (Armonk, NY). Inter-rater reliability of the two appraisers was calculated using 

Cohen kappa statistics. 

2.3 Results 

The search identified 31 CPGs that were eligible for inclusion in the systematic review (Figure 2.1) 

[3,59,278–287,60,288–297,86,298,95,273–277]. These were published between 2004 and 2019, and 

almost two thirds (n=20, 64.5%) were published or had been updated since 2015 (Appendix C). The 

CPGs targeted 23 regions of the world with an additional two developed for international use. 

Figure 2.1. PRISMA 2009 Flow Diagram 
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Of the 31 CPGs, 9.7% were assessed as high-quality, 22.6% were moderate-quality and 67.7% were 

low-quality. There was moderate agreement between the two researchers appraising the quality of 

the CPGs (κ=0.55, p<0.01). Clarity of presentation was the highest scoring domain (85%) and 

editorial independence the lowest (40%), followed by the rigour of development domain (48%). Nearly 

half of the CPGs scored less than 50% in both the editorial independence and applicability domains 

(n=15, 48.4%) followed closely by the rigour of development domain (n=14, 45.2%). The applicability 

of the CPGs had a median score of 75%. The Ministry of Health New Zealand (MOH NZ) CPG scored 

the highest on applicability while the Diabetes in Pregnancy Study Group India (DIPSI) CPG scored 

the lowest. The comprehensiveness of the CPGs had a median score of 56%. The National Institute 

for Health and Care Excellence (NICE) CPG was the most comprehensive while the Ministry of Health 

Sri Lanka CPG (MOH SL) was the least comprehensive (Appendix D).  

A total of 313 dietary recommendations were identified across the 31 CPGs for the management of 

women with GDM. Of these, the majority of recommendations made were strong (n=219, 70.0%) and 

had a clear link to their source of information (n=182, 58.1%) although over half were based on very 

low-quality evidence (n=169, 54.0%) (Appendix E). The remaining dietary recommendations were 

based on low-quality (15.3%), moderate-quality (16.0%) and high-quality (14.7%) evidence. Of the 

219 strong recommendations, just over half (n=111, 50.7%) had no clear link to an evidence-base 

which made it difficult to identify the source(s) of information used in the formulation of the 

recommendations. The tools used to assess the evidence-base behind the dietary recommendations 

varied across the CPGs. GRADE was used by six CPGs [178]; DUK [279], NICE [59], SIGN [60], 

Endocrine Society (ENDO) [86], International Federation of Gynaecology and Obstetrics (FIGO) [284] 

and MOH NZ [3]. Those CPGs that used the GRADE tool to assess the evidence-base made varying 

dietary recommendations of different strengths. The remaining CPGs used other tools including the 

Strength Of Recommendations Taxonomy (SORT) [297], American Diabetes Association (ADA) 

evidence-grading system [95,293], SIGN levels of evidence and grades of recommendations (1999–

2012) [296], Institute for Clinical Systems Improvement System [273], Agency for Health Care Policy 

and Research 1992 and SIGN 1996 [280], National Plan for Guidelines [277], SIGN 2008 & ADA 

evidence grading system [281], US Preventive Services Task Force [294], and US/Canadian 

Preventive Services Task Force 2001 [288]. Ten CPGs did not report the tool used to assess the 
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evidence-base [276,278,282,283,287,289,291,292,295,298], four CPGs used self-reported grading 

tools [274,275,285,290] and one CPG was based on consensus alone [286].  

Dietary advice, also commonly referred to as dietary modification or nutritional intervention, was 

recommended as the first-line treatment for women with GDM in all 31 CPGs (Table 2.2) [3,59,278–

287,60,288–297,86,298,95,273–277]. Exercise in addition to dietary advice for the primary 

management of GDM was recommended in 18 (58.1%) CPGs (Table 2.2). Of the 33 

recommendations made for first-line therapy, most were strong recommendations (n=28, 84.8%), had 

a clear link to the evidence-base (n=21, 63.6%), and were based on research (n=22, 66.7%), 

although some were based on very low-quality evidence (n=13, 39.4%).  

A dietitian/nutritionist to provide dietary advice was recommended by most CPGs (n=23, 74.3% from 

a total of 28 (90.3%) CPGs) (Table 2.2). Of the 36 recommendations made by the CPGs as to which 

health professional should provide dietary advice the majority were strong (n=22, 61.1%), about half 

had a clear link to the evidence-base (n=18, 50.0%), and were based on research (n=17, 47.2%) 

although the majority were based on very low-quality evidence (n=22, 61.1%).  

A total of 14 (45.2%) CPGs made recommendations on the distribution of meals (Table 2.2). 

Distribution of food consumption across three meals and approximately two snacks per day was 

recommended by eight (57.1%) of these CPGs, and the distribution of carbohydrate intake was 

recommended by nine (64.3%). Of the 38 recommendations made, most for the distribution of meals 

were strong (n=26, 68.4%) although often did not have a clear link to the evidence-base (n=22, 

57.9%) or the source of evidence was unknown (n=19, 50.0%) and were based on very low-quality 

evidence (n=25, 65.8%). 

Limiting the intake of non-nutritive sweeteners to the acceptable daily intake was made by three 

(33.3%) from a total of nine (29.0%) CPGs that made recommendations on dietary restriction (Table 

2.2). Of 12 recommendations, most were strong recommendations (n=8, 66.7%) had a clear link to 

the evidence-base (n=7, 58.3%), their evidence source was research (n=5, 41.7%) although based on 

very low-quality evidence (n=7, 58.3%).  
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Table 2.2. Comparison of dietary recommendations, their strength, quality of evidence, number of studies and participants for first-line therapy, 

health professional providing dietary advice, supplement intake, gestational weight gain and follow up during and after pregnancy across CPGs. 

CPG 

abbreviation 

First-line 

therapy 

Health 

professional 

providing dietary 

advice 

Supplementation Gestational weight gain Follow-up during 

pregnancy 

Follow-up after birth 

A.N.D[273] Lifestylea ++B, 

MA, R, PS: 3 

(11)b 

Dietitian ++B, RCT: 

3 (1977) 

Same as pregnant 

women without 

gestational diabetes; 

meet micronutrient needs 

through food; within the 

DRI for pregnancy with a 

prenatal 

multivitamin/mineral or 

specific vitamin or 

mineral supplement(s) to 

address inadequate 

dietary vitamin and 

mineral intake (eg, iron, 

folate, calcium, vitamin 

D, choline, and iodine) or 

documented 

micronutrient deficiency 

+D, consensus 

 Dietitian should 

monitor and evaluate 

progress; initial 60-90 

min dietary advice 

visit, 2nd visit (30-45 

min) within 1 week, 3rd 

visit (15-45 min) within 

2-3 weeks; additional 

dietary advice visits 

every 2-3 weeks or as 

needed +D, 

consensus; assess 

food and nutrition-

related history, 

anthropometric 

measurements, 

biochemical data, 

medical tests, and 

procedures, client 

history and nutrition-

focused physical 

findings ++D, 

consensus; provide 

regular and frequent 

dietary advice visits 

+D, consensus; 

individualised nutrition 

prescription and 

nutrition counseling 
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++B, RCT, PC, NRCT: 

5 (2347) 

AACE/ACE[274] Dietary advice 

++D, consensus 

Dietitian or 

nutritionist; 

consider 

individual’s 

knowledge of 

nutrition and 

willingness and 

barriers to change 

+D, unknown; 

informal and 

incorporate beliefs 

and culture into 

discussion ++C, 

RCT, SS, R: 7 

(5723)  

Supplementation is not 

needed; vitamin 

supplements should be 

recommended to patients 

at risk of insufficiency or 

deficiency; chromium, 

vanadium, magnesium, 

vitamins A, C, and E and 

CoQ10 are not 

recommended ++D, 

consensus 

   

ACOG[294] Lifestyle +B, MA: 

1 (4501) 

Dietitian +D, expert 

opinion 

    

ADA[95] Lifestyle ++A, 

MA, RCT: 3 

(5579) 

Dietitian ++A, MA: 

2 (1313) 

   Lifestyle intervention 

++A, RCT: 2 (3956); if 

the pregnancy has 

motivated the 

adoption of a healthier 

diet, build on these to 

support weight loss 

+B, RCT: 2 (3956) 

CCP/SCLE[276] Lifestyle ++D, 

unknown 

Dietitian or 

nutritionist ++D, 

unknown 

  Re-emphasise dietary 

advice at each visit 

++D, unknown 

At discharge: lifestyle 

intervention ++D, 

unknown. 

CDA[275] Lifestyle ++C, R, 

RP, OS: 3 (44) 

Dietitian +D, CT: 1 

(44) 

 IOM ++B, SR; 1 Assessed, counselled 

and followed up by 

6 weeks and 6 

months postpartum; 
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dietitian when possible 

++C, R, RP, OS: 3 

(44); gestational 

weight gain and 

lifestyle interventions 

regularly +D, 

consensus; 

education and 

behaviour 

interventions +C, PC, 

SR: 2 (15522) 

give education and 

behaviour 

interventions +C, PC, 

SR: 2 (15522) 

DDG/DGGG[280] Dietary advice 

++D, unknown 

  IOM; weight loss of 1–2 kg 

in the first weeks after a 

change of diet can occur 

and is harmless; record 

their weight weekly at home 

in the morning fasting 

without clothes ++D, expert 

opinion; obese: lower 

weight gain (0–5 kg total 

weight gain) is harmless. 

+B, RC; 2 (1299) 

 6 to 12 weeks 

postpartum; impaired 

blood glucose levels 

or risk factors or 

insulin therapy: 

lifestyle interventions, 

normalise weight ++A, 

RCT: 4 (7003) 

DI/AMD/SID[277] Dietary advice 

+D, consensus 

Specialised team/ 

diabetologist +C, 

PC: 2 (10585) 

    

DIPSI[278] Dietary advice 

++D, unknown 

Dietitian +D, 

unknown 

 300 to 400 gm/week; total 

gestational weight gain: 10 

to 12 kg by term; do not 

correct obesity; if 

underweight subjects or 

those not gaining weight as 

expected, particularly in the 

third trimester, require 

admission to ensure 

 Lifestyle interventions 

++D, unknown  
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adequate nutrition ++D, 

unknown 

DUK[279] Lifestyle ++A, 

RCT, partial 

RCT: 16 (3879) 

Dietitian ++A, MA: 

1 (1398) 

 IOM; monitor gestational 

weight gain ++B, SR; 1  

 Lifestyle interventions 

++B, MA, PC: 2 

(676116) 

ENDO[86] Lifestyle ++B, 

RCT, NRCOT, 

cohort: 7 (2036) 

 At 12 weeks gestation, 

the dose of folic acid be 

0.4 to 1.0 mg/d, which 

should be continued until 

the completion of 

breastfeeding. +C; SR: 

1; folic acid 5mg daily 

beginning 3 months 

before withdrawing 

contraceptive measures 

or trying to conceive. 

++C; SR: 1 

IOM +B, SR; 1  Lifestyle interventions 

++D, CT, RC, CC, R: 

17 (10635) 

FIGO[284] Dietary advice 

++C, RCT, R: 3 

(215) 

Dietitian ++D, 

unknown 

 IOM +B, SR; 1 Routine follow-up and 

diet adjustments ++D, 

unknown; discuss 

weight control, food 

records, carbohydrate 

counting, prevention 

of hypoglycemia, 

healthy foods, and 

physical activity. ++C, 

unknown; advise 

repeatedly to continue 

the same healthy 

lifestyle after delivery 

++C, RCT, PC: 3 

(8086) 

Lifestyle interventions 

and normal body 

weight. ++C, RCT, 

PC: 3 (8086) 
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HKCOG[295] Lifestyle ++A, 

RCT, partial 

RCT: 16 (3879) 

Dietitian ++D, 

unknown 

   Immediate, lifestyle 

advice and weight 

control ++A, MA, 

RCT, CSS: 4 (12066) 

HSE[281] Dietary advice 

++A, R: 1 

Dietitian, culturally 

appropriate +D, 

consensus 

 Weight loss is not 

recommended; 

overweight/obese: modest 

energy and carbohydrate 

restriction +D, consensus 

Antenatal visits should 

be hospital-based 

++B, RC: 1 (1532) 

6-week postnatal if 

not discussed 

immediately 

postpartum +D, 

consensus; 

education on lifestyle 

interventions and 

weight reduction or 

healthy weight 

maintenance. +D, 

unknown 

IDF[283] Dietary advice 

++D, unknown 

Health professional 

with dietary advice 

expertise ++D, 

unknown 

   At discharge, 

reinforce lifestyle 

management advice. 

0 to 6 weeks after 

pregnancy lifestyle 

interventions ++A, 

MA, RCT: 3 (680879) 

ISE[282] Lifestyle ++D, R: 

3 

Nutritionist ++D, R: 

3 

 IOM ++B, SR; 1; obese 

women: weight gain of ~7 

kg; underweight women: 

weight gain of up to 18 kg 

++D, R; 2 

 Dietary advice++D, R: 

1 

JDS[285] Dietary advice 

+C, PC: 1 (7383) 

    Lifestyle intervention 6 

to 12 weeks postnatal; 

followed up on a 

routine basis ++A, 

MA: 1 (675455) 
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LAEG[286] Lifestyle ++D, 

consensus  

Dietitian ++D, 

consensus 

    

MOH MY[288] Lifestyle ++A, 

RCT, partial 

RCT: 16 (3879) 

Dietitian ++A, RCT: 

1 (1000) 

 Monitor gestational weight 

gain +C, unknown 

 Lifestyle intervention 

and behavioural 

modification ++A, SR: 

1 (3317) 

MOH NZ[3] Lifestyle ++A, 

MA: 1 (1418) 

Dietitian; lifestyle 

and cultural factors 

++D, unknown 

 IOM +B, SR: 1; avoid 

excessive gestational 

weight gain. ++B, SR: 1 

 Lifestyle intervention. 

++D, expert opinion; 

one-to-one sessions 

delivered by dieticians 

and behavioural 

psychologists. +B, 

SR: 1 

MOH SG[289] Dietary advice 

++B, RCT: 1 

(1000) 

Specialist care +C, 

EB 

   Lifestyle interventions 

and weight control. 

+D, consensus 

MOH SL[291] Lifestyle ++D, 

consensus 

Specialist care 

++D, consensus 

 Monitor gestational weight 

gain ++D, consensus 

 Lifestyle intervention 

++D, consensus 

MOH UAE[298] Dietary advice 

++D, 

commentary: 2 

Dietitian or 

nutritionist ++B, 

consensus 

 Monitor gestational weight 

gain; overweight: advise a 

diet suitable for someone of 

optimal weight. ++D, 

consensus 

Review frequently 

depending on blood 

glucose control, and 

management of other 

diabetes-associated 

and obstetric problems 

++D, consensus 

45 to 60 days 

postnatal, screen and 

if nondiabetic, advise 

lifestyle interventions 

++D, expert opinion 

MOHFW IN[287] Lifestyle ++D, 

unknown 

Nurse ++D, 

unknown 

 BMI or percentage of 

desirable pre-pregnancy 

body weight and optimal 

pattern of gestational weight 

gain. ++D, unknown 

Auxiliary nurse 

midwife provides 

dietary advice meal 

plan with locally 

available food, 

exercise and follow up 

Immediate 

postpartum, lifestyle 

interventions and 

weight control; to 

ensure follow-up, 

create linkages 
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schedule on day of 

diagnosis. 4 additional 

antenatal care visits 

along with the routine 

4 visits (at least 

monthly) ++D, 

unknown 

between non-

communicable 

diseases clinic, 

postpartum care 

clinic, paediatric set 

ups, accredited social 

health activists etc. 

++D, unknown 

MOPH QA[290] Lifestyle ++A, 

RCT, partial 

RCT: 16 (3879) 

Dietitian ++C, RCT: 

4 (4961); individual 

needs, culture, and 

preferences ++C, 

expert opinion; 

receive counselling 

and education that 

explains the role of 

diet, weight gain 

during pregnancy 

and exercise and 

the importance of 

good maternal 

glycaemic control to 

avoid complications 

+D, expert opinion 

 Active weight loss should 

not be attempted; if <20 

weeks gestation: 

underweight: 4.0 - 6.0kg 

(0.2-0.30 kg/wk), normal: 

4.0 - 5.5kg (0.2-0.25 kg/wk), 

overweight: 2.0 - 3.0kg (0.1-

0.15 kg/wk), obesity class I: 

5.0 - 8.0kg (0.25-0.4 kg/wk), 

obesity class II & III: 0 - 

5.0kg (0-0.25 kg/wk); if ≥20 

weeks gestation: 

underweight: 8.0 - 12.0kg 

(0.4-0.6 kg/wk), normal: 7.5 

- 10.5kg (0.35-0.5 kg/wk), 

overweight: 5.0 - 8.0kg 

(0.25-0.4 kg/wk), obesity 

class I: 5.0 - 8.0kg (0.25-0.4 

kg/wk), obesity class II & III: 

0 - 5.0kg (0-0.25 kg/wk) +D, 

expert opinion 

The frequency of 

antenatal visits is 

decided on individual 

basis, typically every 

1-3 weeks after 

diagnosis. +D, 

consensus 

Lifestyle change and 

weight reduction or 

maintenance ++A, 

MA, RCT, CSS: 6 

(15598) 

NICE[59] Lifestyle ++A, 

RCT, partial 

RCT: 16 (3879) 

Dietitian ++D, EB   Review with the joint 

diabetes and 

antenatal clinic within 

1 week. ++D, EB; 

contact with the joint 

diabetes and 

If normal blood 

glucose levels after 

birth, offer lifestyle 

advice and weight 

control ++A, MA, 

RCT, CSS: 4 (12066) 
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antenatal clinic every 

1-2 weeks throughout 

pregnancy ++D, 

consensus 

PTGIN[292] Lifestyle ++A, 

MA, RCT: 2 

(5276) 

Nutritionist +D, RP: 

1 

 IOM ++B, SR: 1   

QLD Health[293] Lifestyle +A, SR: 

1 

Dietitian; culturally 

appropriate and 

individualised 

advice ++A, SR: 1; 

written information 

about maintenance 

of a food diary. 

++A, SR: 1 

(182139) 

 IOM; twin pregnancy (IOM) 

based on weight: normal: 

17–25 kg, overweight: 14–

23 kg, obese: 11–19 kg; 

calculate pre-pregnancy 

BMI; sensitive & non-

judgemental advise +B, SR: 

1; recommend desirable 

gestational weight gain & 

rate of gestational weight 

gain ++B, SR: 1; written 

information about 

gestational weight gain 

++B, SR: 1 

More frequent 

antenatal if suboptimal 

blood glucose levels 

or complications; 

minimum dietary 

advice: 1-hour initial 

counselling session 

2 review 

appointments; review 

scheduled 2–4 weekly 

based on clinical need 

++B, RCT: 1 (215) 

≥1 postnatal follow up 

visit; dietary 

advice++B, RCT: 1 

(215) 

RACGP/DA[296] Dietary advice 

++A, RCT: 1 

(1000) 

Dietitian +B, RCT: 

1 (269) 

 Overweight or obese: limit 

gestational weight gain +B, 

RCT: 1 (269) 

  

SEMSDA[297] Dietary advice 

++A, RCT: 1 

(1000) 

Dietitian +D, 

unknown 

   Lifestyle interventions 

+A, SR, RCT: 2 

(2190) 

SIGN[60] Dietary advice 

++D, unknown 

Dietitian +D, expert 

opinion 

  Dietary advice; dietetic 

advice should be 

available in all diabetic 

antenatal clinics +D, 

expert opinion 

Lifestyle interventions 

and weight control +B, 

SR, MA: 3 (2479); 

dietetic advice should 

be available in all 
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diabetic antenatal 

clinics +D, expert 

opinion 

Abbreviations: DRI, Dietary Reference Intake; IOM, Institute of Medicine. aLifestyle refers to dietary advice and exercise; bBolded text refers to the strength of recommendations 
(++ strong, + weak), quality of evidence (A=High, B=Moderate, C=Low, D=Very low), type of evidence (MA=Meta-analysis, SR=Systematic Review, R=Review, RP=Report, 
RCT=Randomised Control Trial, CT= Clinical Trial, CSS=Cross-sectional Study, EB=Evidence-base, SS=Surveillance Study, PC=Prospective Cohort, RC=Retrospective 
Cohort, OS=Observational Study, PS=Position Statement, NRCT=Non-randomised Control Trial, CC= Case Control), figures are number of studies, parenthesis are number of 
participants; [273] Academy of Nutrition and Dietetics, [274] American Association of Clinical Endocrinologists/American College of Endocrinology, [294] American College of 
Obstetricians and Gynaecologists, [95] American Diabetes Association, [276] Ceylon College of Physicians/Sri Lanka College of Endocrinologists, [275] Diabetes Canada, 
[280] German Diabetes Association/German Gynaecology and Obstetrics Association, [277] Diabete Italia/Associazione Medici Diabetologi/Societa` Italiana di Diabetologia), 
[278] Diabetes In Pregnancy Study Group India, [279] Diabetes UK, [86] The Endocrine Society, [284] International Federation of Gynecology and Obstetrics, [295] Hong Kong 
College of Obstetricians and Gynaecologists, [281] Health Service Executive, [283] International Diabetes Federation, [282] Indonesian Society of Endocrinology, [285] Japan 
Diabetes Society, [286] Latin American Experts Group, [288] Ministry of Health Malaysia, [3] Ministry of Health New Zealand, [289] Ministry of Health Singapore, [291] Ministry 
of Health Sri Lanka, [298] Ministry of Health United Arab Emirates, [287] Ministry of Health & Family Welfare India, [290] Ministry of Public Health Qatar, [59] National Institute 
for Health and Care Excellence, [292] Polish Society of Gynecologists and Obstetricians, [293] Queensland Health, [296] Royal Australian College of General 
Practitioners/Diabetes Australia, [297] Society for Endocrinology, Metabolism and Diabetes of South Africa, [60] Scottish Intercollegiate Guidelines Network 
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No dietary/nutrient supplementation during the second half of pregnancy unless at risk of deficiency or 

deficient, was recommended by two (66.7%) CPGs from a total of three (9.7%) CPGs that made 

recommendations on dietary supplement intake (Table 2.2). Supplemental folic acid intake from three 

months gestation was recommended by one (33.3%) CPG. Of the eight recommendations, half were 

strong (n=4, 50.0%), all had a clear link to the source of evidence (n=8, 100.0%) and three-fourths 

were based on consensus (n=6, 75.0%) although most were based on very low-quality evidence (n=6, 

75.0%).  

Over half of the CPGs (n=17, 54.8%) made recommendations on gestational weight gain with nine 

(52.9%) recommending use of the Institute of Medicine (IOM) 2009 CPG for gestational weight gain 

(Table 2.2) [73]. One CPG made their own recommendations for gestational weight gain based on 

expert opinion with no referenced evidence-base (Table 2.2) [290]. Overall, of the 25 

recommendations made, most were strong (n=16, 64.0%), had a clear link to the evidence-base 

(n=15, 60.0%), were based on research (n=13, 52.0%) although almost half were only based on 

moderate-quality evidence (n=12, 48.0%). Only 12 (38.7%) CPGs made recommendations on follow 

up during pregnancy after starting dietary therapy (Table 2.2).  

Follow up on dietary advice during pregnancy was recommended by 8 (66.7%) of these CPGs. The 

A.N.D [273] and QLD Health [293] CPGs made recommendations on the frequency and duration of 

the follow up visits (Table 2.2). From the 23 recommendations made, most were strong (n=15, 65.2%) 

with just over half having a clear link to the evidence-base (n=13, 56.5%), about a third were based on 

evidence (n=8, 34.8%) with almost two-thirds based on very low-quality evidence (n=15, 65.2%).  

Most CPGs (n=24, 77.4%) made recommendations on follow up after pregnancy. Dietary or lifestyle 

advice after pregnancy was recommended by 22 (91.7%) CPGs with the length of the follow up period 

recommended by nine (37.5%). The timing of follow up varied from immediately after birth to six 

months postpartum, most commonly at six weeks postpartum (Table 2.2). Of the 30 recommendations 

made, around two thirds were strong recommendations (n=20, 66.7%), had a clear link to the 

evidence-base and were based on research (n=19, 63.3%) although often based on very low-quality 

evidence (n=13, 43.3%).  
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Most CPGs (n=22, 71.0%) made recommendations on energy intake (Table 2.3) [3,59,278–

287,60,288–297,86,298,95,273–277]. Recommendations were made on consumption of adequate 

energy (calories) by eight (36.4%) CPGs, intake of 30 kcal/kg/day for women of normal weight by five 

(22.7%) CPGs, and intake of 25 kcal/kg/day for overweight women by three (13.6%) CPGs. Where 

recommendations for obese pregnant women were made, all six (27.3%) recommended reduction of 

calories, the majority (n= 5, 88.3%) a 30% or 33% caloric intake reduction with a minimum intake of 

1600−1800 kcal/d (n=3, 50.0%) although one (16.7%) did not specify the caloric intake for obese 

women with GDM. Of the 43 recommendations made, most were strong recommendations (n=30, 

69.8%), around half had a clear link to the evidence-base (n=23, 53.5%), were based on evidence 

(n=20, 46.5%) although based on very low-quality evidence (n=23, 53.5%).  

Over two thirds of CPGs (n=21, 67.7%) made recommendations on dietary carbohydrate intake 

(Table 2.3). Carbohydrate intake using either the Acceptable Macronutrient Distribution Range 

(AMDR) or the Dietary Reference Intakes (DRI) was recommended by 13 of these CPGs (61.9%). 

The recommended daily carbohydrate intake varied from 33% to 60% of total energy intake and the 

quality of evidence upon which these recommendations were based ranged from moderate to very 

low (Table 2.3). A minimum intake of 175g carbohydrate per day based on high to very low-quality 

evidence was recommended by a third of CPGs (n=7, 33.3%) (Table 2.3).  

A low glycaemic index diet or incorporating low glycaemic index food into the diet was recommended 

by almost a half of CPGs (n=10, 47.6%). Less than a quarter (n=7, 22.6%) made recommendations 

for dietary fibre intake. An intake of up to 28g of dietary fibre per day was recommended by three 

(42.9%) CPGs, while an increase in dietary fibre intake was recommended by four (57.1%). Of the 59 

recommendations, two thirds were strong recommendations (n=39, 66.1%), had a clear link to the 

evidence-base (n=39, 66.1%), and were based on evidence (n=37, 62.7%) although often very low-

quality evidence (n=25, 42.4%).  
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Table 2.3. Comparison of dietary recommendations, their strength, quality of evidence, number of studies and participants for energy, 

carbohydrate, protein and fat intake, dietary restrictions and distribution of meals across CPGs. 

CPG 

abbreviation 

Energy intake Carbohydrate intake Protein 

intake 

Fat intake Dietary 

restrictions 

Distribution of meals 

A.N.D[273] DRI and IOM; 

adequate calories 

and appropriate 

gestational weight 

gain ++C, RCT, PC: 

3 (266)a; adequate 

micronutrients +D, 

consensus 

DRI; CHO: ≥175g, fibre: ≥28g +D, 

consensus; amount and type of CHO 

++B, RCT: 5 (210) 

DRI. ≥71g or 

≥1.1 g/kg/d 

+D, 

consensus 

DRI +D, consensus  High-intensity 

sweeteners 

only those 

approved or 

generally 

recognized 

as safe by 

the USFDA 

and limit 

intake to the 

ADI; no 

alcohol. +D, 

consensus 

3 meals and ≥2 snacks to 

distribute CHO and calories 

+D, consensus; breakfast: 

individualise amount and 

type of CHO ++B, RCT: 5 

(210) 

AACE/ACE[274]  Educate on types of CHO (sugars, 

starch, and fibre); increase healthful 

CHO (fresh fruits and vegetables, 

legumes, whole grains), 7-10 servings 

per day; consume plant-based diet 

(high in fibre, low calories, low 

glycaemic index, and high in 

phytochemicals/antioxidants) ++C, 

RCT, SS, R: 7 (5723); low glycaemic 

index food (multigrain bread, 

pumpernickel bread, whole oats, 

legumes, apple, lentils, chickpeas, 

mango, yams, brown rice). +D, R, PS: 

7 

Consume 

protein with 

low 

saturated 

fats (fish, 

egg whites, 

beans); do 

not avoid 

animal 

protein ++B, 

MA, PC, PS: 

3 (19198) 

Increase healthful 

fats (nuts, avocado, 

certain plant oils, 

fish); limit saturated 

fat (butter, fatty red 

meats, tropical plant 

oils, fast foods); limit 

trans-fat; choose fat-

free or low-fat dairy 

products ++D, R: 3 

Avoid or limit 

processed 

meats. ++B, 

MA, PC, PS: 

3 (19198); 

use mild 

cooking 

techniques 

instead of 

high-heat 

cooking. ++C, 

RCT, SS, R: 

7 (5723) 

Eat regular meals and 

snacks; avoid fasting to 

lose weight. ++C, RCT, SS, 

R: 7 (5723) 
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ACOG[294]  33-40% +D, R; replace simple CHO 

with complex CHO ++B, MA, RCT: 4 

(1572) 

20% +D, R 40% +D, R  3 meals and 2 or 3 snacks 

+D, expert opinion 

ADA[95] DRI; adequate 

calories and 

appropriate 

gestational weight 

gain ++A, MA: 2 

(1313) 

DRI; CHO: ≥175g, amount and type of 

CHO; fibre: ≥28g ++A, MA: 2 (1313) 

DRI. ≥71g 

++A, MA: 2 

(1313) 

   

CCP/SCLE[276] Normal weight: 30 

Kcal/kg/day; 

overweight: ≤25 

Kcal/kg/day ++D, 

unknown 

     

CDA[275] Adequate calories 

and appropriate 

gestational weight 

gain ++C, R, PS: 4 

CHO: ≥175g +B, consensus; low 

glycaemic index meal pattern; replace 

high glycaemic index food with low 

glycaemic index +D, R: 1 

   Distribute CHO over 3 

moderate sized meals and 

≥2 snacks (1 at bedtime) 

+D, R: 1 

DDG/DGGG[280] Adequate calories 

++D, RP: 2; 

adequate 

micronutrients ++D, 

PS: 2 

40%–50% +D, RP: 2; should not be 

less than 40% ++C, CS, PS, R, RP: 5; 

high fibre and low glycaemic index 

food ++A, RCT: 4 (269) 

20% +D, 

RP: 2 

30%–35% +D, RP: 2 Energy-free 

sweeteners 

can be used 

in pregnancy; 

limit intake to 

the ADI. ++D, 

PS: 2 

5-6 meals per day including 

one late meal; distribute 

CHO over 3 not too large 

meals and 2 to 3 smaller 

snacks (including a late 

meal). +A, RCT: 1 (2212); 

a late meal containing 1 

unit of CHO. CHO intake 

should be lower at 

breakfast than at lunch and 

dinner ++A, RCT: 1 (2212) 

DI/AMD/SID[277] Adequate calories 

and micronutrient 

intake; consider pre-
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pregnancy BMI and 

dietary habits. +D, 

consensus 

DIPSI[278] Adequate calories; 

consider age, pre-

pregnancy BW, PAL, 

stage of pregnancy. 

30−40 Kcal/kg ideal 

BW or an increment 

of 300 kcal/day 

above BMR in 2nd 

and 3rd trimesters 

++D, unknown 

    Distribute calories 

especially the breakfast; 

breakfast: split into 2 equal 

halves and consume the 

portions with a 2-hour gap 

in between. ++D, unknown 

DUK[279]       

ENDO[86] Obese: caloric intake 

reduced by 1/3rd of 

pre-pregnancy usual 

intake, not below 

1600−1800 kcal/d 

+C, RCT, CS: 2 

(365) 

35%-45% +C, MA, RCT, RP: 5 (1172)    CHO: distributed in 3 small- 

to moderate-sized meals 

and 2-4 snacks including 

an evening snack. +C, MA, 

RCT, RP: 5 (1172) 

FIGO[284] Consider pre-

pregnancy BMI, 

gestational weight 

gain and PAL ++C, 

EB; if underweight: 

35−40 kcal/kg ideal 

BW, normal: 30−35 

kcal/kg ideal BW, 

overweight: 25−30 

kcal/kg ideal BW +C, 

RCT, PC, R: 10 

(1132); if obese: 

35% - 45% ++B, OS: 1 (684). CHO: 

≥175g, fibre: ≤28g, high fibre food 

++B, SR: 1; quality, amount and type 

of CHO +B, OS: 1 (684); modify CHO 

without affecting calorie intake ++C, 

OS: 1 (684); low glycaemic index diet 

++A, MA: 1 (884) 

  Reduction or 

moderate 

consumption 

of processed, 

high sugar, 

high fat, high 

salt, and low 

fibre foods. 

++D, 

unknown 

CHO: distributed 

throughout the day in 3 

small- to moderate-sized 

meals and 2−4 snacks 

++B, SR: 1; evening snack 

may be needed +C, OS: 1 

(684); consume food in 

smaller portions at meals or 

during specific times 

according to interindividual 

variability in the glycaemic 

index ++C, OS: 1 (28) 
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caloric intake 

reduced by 30%, not 

below 1600−1800 

kcal/d +C, PC, R: 2 

(353) 

HKCOG[295] Healthy diet ++C, 

RCT:3 (193) 

Low glycaemic index food ++C, RCT:3 

(193) 

    

HSE[281] Adequate calories 

and appropriate 

gestational weight 

gain +D, unknown; 

appropriate to 

glycaemic control; 

avoid severe calorie-

restriction +D, 

consensus; avoid 

starvation ketosis 

+C, RP: 1 

Monitor CHO intake; increase fruit, 

vegetables, whole grain, legumes. 

++B, EB 

 Low fat milk ++B, EB Cessation of 

alcohol 

consumption 

+D, 

consensus 

 

IDF[283] Overweight: reduce 

intake by no more 

than 30% of usual 

intake ++B, RCT, 

PS: 2 (136) 

Include low glycaemic index food ++B, 

RCT, PS: 7 (191) 

   Adjust type, quantity and 

distribution of CHO with 

insulin if taken ++B, RCT, 

PS: 7 (191) 

ISE[282] If underweight: 

35−40 kcal/kg ideal 

BW, normal: 30−34 

kcal/kg ideal BW, 

overweight: 23−25 

kcal/kg ideal BW, 

obese: caloric intake 

reduced by 30−33% 

to 25 kcal/kg actual 

 1-1.5g/kg 

++D, 

consensus 

  Meal planning is important 

++D, RP: 1 
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BW ++C, CS, RP: 2 

(353) 

JDS[285] Adequate calories 

and appropriate 

gestational weight 

gain ++B, CS: 1 

(513501) 

     

LAEG[286] Consider maternal 

BW and height ++D, 

consensus 

Reduce CHO intake ++D, consensus     

MOH MY[288]  Individualised ++D, unknown; 45%-

60% +C, unknown; CHO: ≥175g +D, 

PS: 1. CHO-controlled meal plan; 

explain portion sizes; low glycaemic 

index food ++A, R: 1; sucrose is 

counted towards total CHO and calorie 

intake. ++C, R:1; limit sucrose intake 

++B, SR:1  

15%-20% 

+C, 

unknown 

25%-35% +C, 

unknown 

Non-nutritive 

sweeteners 

should not 

exceed ADI 

++C, R:1 

 

MOH NZ[3] No less than 1800 

kcal/day ++D, 

unknown 

CHO: ≥175g +D, expert opinion Lean protein 

+D, expert 

opinion 

Less saturated fat 

+D, expert opinion 

 Smaller, more frequent 

nutrient dense meals ++D, 

expert opinion; CHO 

spread evenly throughout 

the day between meals and 

snacks +D, expert opinion 

MOH SG[289] Consider BW, 

gestational weight 

gain and PAL ++B, 

consensus; 

overweight or obese: 

reduce calories ++B, 

unknown 

More complex CHO and more fibre 

++B, unknown 

 Less saturated fat 

++B, unknown 

Sweet foods 

should be 

avoided ++B, 

unknown 
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MOH SL[291]       

MOH UAE[298]       

MOHFW IN[287] Individualised based 

on gestational weight 

gain; appropriate 

gestational weight 

gain; for an average 

gestational weight 

gain of 10-12kg, 

additional 350 

kcal/day during 

second and third 

trimester; avoid 

severe calorie-

restriction; if obese: 

caloric intake 

reduced by 30% 

++D, unknown; 

sedentary PAL: 2250 

kcal/day, moderate 

PAL: 2580 kcal/day, 

heavy PAL: 3200 

kcal/day; if 

underweight: 

increase energy in 

the first trimester. 

BMR x PAL + 500 

kcal; normal weight: 

BMR x PAL; 

overweight: BMR x 

PAL; obese: BMR x 

PAL – 500 kcal or 

BMR x PAL – 30%. 

++D, expert opinion 

CHO controlled meal +D, unknown; 

low glycaemic index food; avoid large 

amounts of CHO foods eaten at one 

time; replace simple CHO (added 

sugar, honey, refined white flour) with 

complex CHO (whole-grain cereals, 

whole pulses, vegetables and fruits 

with skins); increase high fibre foods 

(salad, beans, non-starchy vegetables, 

whole fruit, whole grain cereals/millets, 

whole pulses); soluble fibre in flax 

seed, psyllium husk, oat bran, 

legumes (dried beans of all kinds, 

peas and lentils), and pectin (from 

fruit, such as apples) and forms in root 

vegetables (such as carrots); prefer 

whole fruits over juices ++D, 

unknown 

Additional 23 

g/day; 

minimum 3 

serving per 

day (milk 

and milk 

products, 

egg, fish, 

chicken, 

pulses, 

nuts); prefer 

fish or 

chicken over 

red or organ 

meat ++D, 

unknown 

Less fat in cooking; 

avoid frying of foods; 

replace full-fat dairy 

products with low-fat 

products; increase 

low fat snacks 

(substitute fresh fruit, 

salads, baked and 

steamed food items 

for high-fat snacks 

such as cakes, 

biscuits, chocolates, 

pastries, samosas 

and pakoras); replace 

red meat with lean 

meat; saturated fat: 

<10% of total calories 

(ghee, butter, coconut 

oil, palm oil, red 

meat, organ meat, full 

cream milk); dietary 

cholesterol: <300 

mg/dL; if 

overweight/obese: 

low fat diet ++D, 

unknown 

Red meat 

should be 

avoided; fried 

foods should 

be avoided 

rather mother 

should 

steam, boil or 

sauté food in 

less oil ++D, 

unknown 

Distribution of calories and 

CHO; spreading CHO 

throughout the day 3 major 

meals (breakfast, lunch and 

dinner) and 2-3 mid-day 

snacks; consistent meal 

timing; avoid heavy eating, 

skipping meals or fasting; 

include all food groups 

(cereal, pulses, milk and 

milk products, fruits, 

vegetable, and fats); non-

vegetarian can include 

eggs, low fat meat (well-

cooked fish or chicken); 

CHO: Count number of 

serves (1 serving=15g); 

aim for 2–3 carbohydrate 

serves at each major meal 

and 1–2 carbohydrate 

serves at each snack ++D, 

unknown; spread CHO 

over 3 small meals and 2–3 

snacks each day than 

taking 3 large meals +D, 

unknown; breakfast: eat 

healthy and never skip; 1-2 

CHO servings (chapati, 

dalia, sandwich, poha, idli) 

+ one protein serving (milk, 

curd, paneer, egg); lunch & 

dinner: 
1

2 
 plate of 
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vegetables (bottle gourd, 

ridge gourd, lettuce, 

broccoli, spinach, carrots, 

green beans, tomatoes, 

celery, cabbage, 

mushrooms), ¼ of plate 

protein (dal, soy nuggets, 

tofu, eggs, paneer, chicken, 

fish) and ¼ of plate CHO 

(2-3 servings); minimum 1 

serving of low fat, sugar-

free yoghurt, curd or milk; 

minimum 1 serving of fruits 

like guava, apple, berries or 

any citrus fruits ++D, 

unknown; 1-2 CHO 

serving for mid-day snack 

(urmura chat, sprouts, 

vegetable dalia, vegetable 

poha, idli, vegetable 

uttapam, besan chilla). +D, 

unknown; maintain 2-3 

hour gap with major meal 

when taking mid-day 

snack. ++D, unknown 

MOPH QA[290] Healthy diet ++A, 

RCT: 3 (193); same 

healthy eating 

recommendations for 

pregnant women +C, 

EB; consider pre-

pregnancy and 

current BMI, 

gestational weight 

gain; increase 

calories in second 

35% - 45% +B, MA, RCT, OS, RP: 6 

(1856); increase vegetables, legumes, 

whole grains, complex CHO +D, 

expert opinion; Low glycaemic index 

food ++A, RCT: 3 (193); replace 

simple CHO with complex CHO ++D, 

expert opinion 

1.1 g/kg/d in 

the second 

and third 

trimesters; 

animal, fish, 

or plant 

sources 

++D, expert 

opinion 

Saturated fat: ˂10%; 

avoid trans-fatty 

acids; omega-6: 13 

g/day; omega-3: 1.4 

g/day. ++D, expert 

opinion 

 Small frequent meals with 

protein ++C, EB 
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and third trimester 

++D, expert 

opinion; if obese no 

additional calories 

necessary and 

caloric intake 

reduced by 30% of 

pre-pregnancy usual 

intake, not below 

1600−1800 kcal/d 

++B, RC: 3  

NICE[59] Healthy diet ++C, 

RCT: 3 (193) 

Replace high glycaemic index with low 

glycaemic index ++C, RCT: 3 (193) 

    

PTGIN[292] Consider gestational 

weight gain, pre-

pregnancy BMI and 

age; if normal: 30 

kcal/kg/d from 1800-

2500 kcal. ++D, 

unknown 

40%–50%; low glycaemic index; rich 

in starch; limit processed flour +D, 

unknown 

20%–30%; 

equal 

proportion of 

animal and 

plant origin 

+D, 

unknown 

20%–30% of fats; 

most should be 

unsaturated fats of 

plant origin rich in 

omega-3 +D, 

unknown 

  

QLD Health[293] Healthy diet ++A, 

SR: 1 (182139) 

CHO: ≥175g; low glycaemic index diet 

++A, MA, RCT: 2 (983); written 

information on CHO foods and 

glycaemic index ++A, SR: 1 (182139) 

  Provide 

written 

information 

about safe 

foods for 

pregnancy 

++A, SR: 1 

(182139) 

Provide written information 

about portion size and 

distribution throughout the 

day ++A, SR: 1 (182139) 

RACGP/DA[296]       

SEMSDA[297]  40%; complex CHO; low glycaemic 

index; high fibre +C, MA, RCT, RP: 5 

(1172) 

20% +C, 

MA, RCT, 

RP: 5 (1172) 

40%; at least 50% 

unsaturated +C, MA, 

RCT, RP: 5 (1172) 

 3 meals and 3 or 4 snacks; 

dietary consistency in 
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amount and timing of food 

intake ++D, unknown 

SIGN[60]       

Abbreviations: DRI, Dietary Reference Intakes; IOM, Institute of Medicine; BW, Body Weight; PAL, Physical Activity Level; BMR, Basal Metabolic Rate; CHO, Carbohydrate; 

USFDA, United States Food and Drug Administration; ADI, Acceptable Daily Intakes; aBolded text refers to the strength of recommendations (++ strong, + weak), quality of 
evidence (A=High, B=Moderate, C=Low, D=Very low), type of evidence (MA=Meta-analysis, SR=Systematic Review, R=Review, RP=Report, RCT=Randomised Control Trial, 
EB=Evidence-base, SS=Surveillance Study, PC=Prospective Cohort, RC=Retrospective Cohort, OS=Observational Study, PS=Position Statement, CS=Cohort Study), figures 
are number of studies, parenthesis are number of participants; [273] Academy of Nutrition and Dietetics, [274] American Association of Clinical Endocrinologists/American 
College of Endocrinology, [294] American College of Obstetricians and Gynaecologists, [95] American Diabetes Association, [276] Ceylon College of Physicians/Sri Lanka 
College of Endocrinologists, [275] Diabetes Canada, [280] German Diabetes Association/German Gynaecology and Obstetrics Association, [277] Diabete Italia/Associazione 
Medici Diabetologi/Societa` Italiana di Diabetologia), [278] Diabetes In Pregnancy Study Group India, [279] Diabetes UK, [86] The Endocrine Society, [284] International 
Federation of Gynecology and Obstetrics, [295] Hong Kong College of Obstetricians and Gynaecologists, [281] Health Service Executive, [283] International Diabetes 
Federation, [282] Indonesian Society of Endocrinology, [285] Japan Diabetes Society, [286] Latin American Experts Group, [288] Ministry of Health Malaysia, [3] Ministry of 
Health New Zealand, [289] Ministry of Health Singapore, [291] Ministry of Health Sri Lanka, [298] Ministry of Health United Arab Emirates, [287] Ministry of Health & Family 
Welfare India, [290] Ministry of Public Health Qatar, [59] National Institute for Health and Care Excellence, [292] Polish Society of Gynecologists and Obstetricians, [293] 
Queensland Health, [296] Royal Australian College of General Practitioners/Diabetes Australia, [297] Society for Endocrinology, Metabolism and Diabetes of South Africa, [60] 
Scottish Intercollegiate Guidelines Network 
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Only 12 (38.7%) CPGs made recommendations on dietary protein intake (Table 2.3). Protein intake 

using the AMDR or DRI was recommended by nine (29.0%) of these CPGs. Recommended dietary 

protein intake ranged between 10% to 30% of total energy intake, between 1g/kg/day to 1.5g/kg/day 

or a total intake of 71g/day. Protein from animal, fish and plant sources were mainly recommended 

with only one CPG recommending less consumption of red meat. Of the 20 recommendations, most 

were strong recommendations (n=12, 60.0%), had a clear link to the evidence-base (n=14, 70.0%), 

although the source of evidence was often unknown (n=8, 40.0%) and most were based on very low-

quality evidence (n=15, 75.0%).  

Only 13 (41.9%) CPGs made recommendations on dietary fat intake (Table 2.3). Recommended 

dietary fat intake, based on AMDR, ranged between 20% to 40% of total daily intake and a reduction 

of saturated fat intake was recommended by five (38.5%) CPGs. Of the 21 recommendations made, 

around two-thirds were strong (n=13, 61.9%), had a clear link to the evidence-base (n=14, 66.7%), 

although often the source of evidence was unknown (n=9, 42.9%) and most were based on very low-

quality evidence (n=15, 71.4%).  

Only one (3.2%) CPG made a recommendation for fluid intake. The Ministry of Health and Welfare 

India (MOHFW IN) recommended drinking water, buttermilk, home-made soups, soya milk and other 

unsweetened healthy beverages [287]. The source of this strong recommendation was unknown.  

Of the 313 dietary recommendations made across the 31 CPGs, 135 (43.1%) were identified as 

having a weak evidence-base; 77 (57.0%) being based on very low-quality evidence and 58 (43.0%) 

on consensus or expert opinion. Just over a third of the CPGs (n=11, 35.5%) identified research gaps 

requiring further exploration. Research gaps found by this study and by the CPGs were similar (Table 

2.4) [59,86,294,95,273,275,279,280,284,288,293]. The most frequently identified research gaps 

focused on effective dietary interventions, such as low glycaemic index diets during pregnancy, the 

ideal distribution of meals and snacks, and whether gestational weight gain and the intake of 

macronutrients, energy and supplements required by women with GDM differ from those required by 

pregnant women without GDM.  
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Table 2.4. Comparison of research gaps identified in this study and by CPGs in the dietary management of GDM.  

Topic Research gaps from weak evidence Research gaps from consensus/expert 

opinion 

Research gaps identified by CPGs 

First-line therapy What is the comparative effectiveness of 

using dietary advice with and without 

exercise as the first-line therapy for the 

management of GDM? 

What is the comparative effectiveness of using 

dietary advice with and without exercise as the 

first-line therapy for the management of GDM? 

What is the effectiveness of nutritional interventions 

on the management of GDM?[86,284]; which diet or 

component of the lifestyle intervention is most useful 

to have a positive effect on maternal and childbirth 

outcomes and long-term health?[280,293]; what is the 

effect of different dietary approaches for the treatment 

of GDM on perinatal health outcomes?[59,279,294] 

Health 

professional 

providing dietary 

advice 

Which health professional should provide 

dietary advice to women with GDM once 

diagnosed? 

Which health professional should provide 

dietary advice to women with GDM once 

diagnosed? 

 

Supplementation  Should micronutrient needs be met through 

food in women with GDM?; when should 

vitamin supplements be recommended to 

women with GDM?; which micronutrients 

should not be recommended as supplements to 

women with GDM? 

Should women with GDM follow the same CPGs for 

nutrient intakes as pregnant women without 

GDM?[86]; do women with GDM require a higher 

dose of folic acid supplementation than pregnant 

women without GDM?[86] 

Gestational weight 

gain 

What is the optimal gestational weight 

gain in women with GDM of different 

BMI?; a what is the most effective 

treatment plan for women not gaining 

weight as expected?; what is the evidence 

of correcting obesity of women with GDM 

during pregnancy is associated with 

benefits or harm to the mother and 

neonate? 

What is the optimal gestational weight gain 

in women with GDM of different BMI?; what 

is the benefit of monitoring gestational weight 

gain to the mother and neonate?; how much 

weight loss is considered safe for the mother 

and neonate? 

What is the importance of gestational weight gain 

interventions? [279,280]; what is the effect of 

gestational weight gain based on pre-pregnancy BMI 

in women with GDM on perinatal outcomes?[273]; is 

gestational weight gain less than the IOM CPGs 

considered safe in women with GDM?[86,275]; do 

gestational weight gain CPGs for women with GDM 

need to be developed?[86,275,284]; how much 

weight loss is considered safe for the mother and 

neonate?[275]; what is the optimal gestational 

weight gain for women with GDM, including 

overweight and obese women?[86,284]; what is the 
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optimal gestational weight gain for twin pregnancy in 

women with GDM?[275] 

Follow-up during 

pregnancy 

What is the optimal dietary management of 

women with GDM during pregnancy?; 

which health professional should provide 

dietary advice to women with GDM during 

pregnancy, and what is the optimal 

frequency and duration of follow up 

visits? 

What is the optimal dietary management of 

women with GDM during pregnancy?; which 

health professional should provide dietary 

advice to women with GDM during pregnancy, 

and what is the optimal frequency and 

duration of follow up visits? 

What is the optimal frequency and duration of 

dietary advice visits by a dietitian to improve 

perinatal outcomes?[273]; what is the optimum 

strategy for offering women diet and exercise?[59] 

Follow-up after 

birth 

What is the optimal dietary management of 

women with GDM after delivery?; which 

health professional should provide dietary 

advice to women with GDM after delivery, 

and what is the optimal frequency and 

duration of follow up visits? 

What is the optimal dietary management of 

women diagnosed with GDM after delivery?; 

which health professional should provide 

dietary advice to women with GDM after 

delivery, and what is the optimal frequency and 

duration of follow up visits? 

 

Energy intake What is the optimal caloric intake by 

trimester in women with gestational 

diabetes of different BMI?; what is the 

minimum caloric intake in women with 

GDM is associated with benefits or harm to 

the mother and neonate?; what maternal 

factors must be considered when 

calculating caloric intake?; what is the 

effect of severe caloric restriction on the 

mother and neonate outcomes?; how many 

calories should be reduced for obese 

women with GDM without adversely 

affecting the mother and neonate? 

What is the optimal caloric intake by 

trimester in women with gestational 

diabetes?; what is the optimal caloric intake in 

women with GDM for glycaemic control?; what 

is the effect of severe caloric restriction on the 

mother and neonate outcomes what maternal 

factors must be considered when calculating 

caloric intake? 

What is the optimal caloric intake in women with 

gestational diabetes of different BMI?[95,284];do 

the caloric needs for women with GDM differ from 

pregnant women without GDM?[95]; what is the 

minimum and maximum range for caloric intake in 

women with GDM that is associated with successful 

pregnancy outcomes?[284]; what is the effect of 

varying levels of caloric consumption on gestational 

weight gain, glycaemic control, birth weight or fetal 

growth, and adverse perinatal outcomes in women 

with GDM?[273] 

Carbohydrate 

intake 

What is the ideal distribution (percent of 

total calories) of carbohydrate for pregnant 

women with diabetes that optimises 

perinatal outcomes?; what is the minimum 

amount of carbohydrate intake is needed to 

What is the ideal amount of carbohydrate to 

improve perinatal outcomes in women with 

GDM?; what is the minimum amount of 

carbohydrate needed to prevent adverse 

perinatal outcomes in women with GDM?; what 

What is the ideal distribution (grams or percent of 

total calories) of carbohydrate for pregnant women 

with diabetes that optimises perinatal outcomes and 

achieve good glycaemic control?[86,273,288,294]; 

what is the evidence of carbohydrate restriction on 
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prevent adverse perinatal outcomes in 

women with GDM?; what is the benefit of 

consuming a carbohydrate-controlled meal 

on perinatal outcomes; what is the effect of 

replacing simple carbohydrates with 

complex carbohydrates in women with 

GDM?; what is the effect of replacing high 

glycaemic index food with low glycaemic 

index food in women with GDM?; what is 

the benefit of following a low glycaemic 

index meal pattern in women with GDM?; 

what is the benefit of increasing fibre 

(and soluble fibre) in women with GDM?; 

what is the effect of eating large amounts 

of carbohydrate foods at one time in 

women with GDM? 

is the minimum amount of fibre is needed to 

prevent adverse perinatal outcomes in 

women with GDM?; what is the effect of 

reducing carbohydrate intake on perinatal 

outcomes?; what is the effect of replacing 

simple carbohydrates with complex 

carbohydrates in women with GDM? 

women with GDM during pregnancy?[279] what is the 

benefit of following a low glycaemic index meal 

pattern in women with GDM?[275,279]; does 

following a low glycaemic index diet reduce the need 

for treatment in women with GDM?[59]; what is the 

effect of following a high glycaemic index compared 

to a low- or medium glycaemic index dietary pattern 

on glycaemic control and perinatal outcomes in 

women with GDM?[86,273]; what is the influence of 

the type or amount of carbohydrate consumption on 

postprandial breakfast glycemia in women with 

GDM?[273]; does an interaction exist between the 

amount and type of carbohydrate consumed in 

women with GDM?[273]; what is the benefit of fibre 

rich diets in women with GDM?[284] 

Protein intake What is the ideal distribution (grams or 

percent of total calories) of protein for 

pregnant women with diabetes that 

optimises perinatal outcomes?; what is 

the minimum amount of protein intake is 

needed to prevent adverse perinatal 

outcomes in women with GDM?; what 

source of dietary protein intake (animal or 

plant) optimises perinatal outcomes in 

women with GDM?  

What is the ideal amount of protein to 

improve perinatal outcomes in women with 

GDM?; what source of dietary protein intake 

(animal, fish or plant) optimises perinatal 

outcomes in women with GDM? 

What is the ideal distribution (grams or percent of 

total calories) of protein for pregnant women with 

diabetes that optimises perinatal 

outcomes?[288,294]; what is the influence of the 

amount or type of protein consumed (independent of 

carbohydrate or fat intake) on glycaemic control, 

maternal weight gain, fetal growth, or birth weight, 

and adverse fetal or neonatal and maternal outcomes 

in women with GDM?[273] 

Fat intake What is the ideal intake of total fat for 

pregnant women with diabetes that 

optimises perinatal outcomes?; what is 

the ideal intake of saturated fat, 

unsaturated fat, trans-fat and dietary 

cholesterol for pregnant women with 

diabetes that optimises perinatal outcomes; 

what is the ideal intake of fat for overweight 

and obese women with GDM?  

What is the ideal intake of total fat for 

pregnant women with diabetes that 

optimises perinatal outcomes?; what is the 

ideal intake of saturated fat, unsaturated fat, 

trans-fat and dietary cholesterol for pregnant 

women with diabetes that optimises perinatal 

outcomes? 

What is the ideal intake of total fat for pregnant 

women with diabetes that optimises perinatal 

outcomes?[288,294]; what is the influence of the 

type of fat on fetal or neonatal and maternal 

outcomes in women with GDM?[273]; what is the 

influence of the amount of fat (independent of 

carbohydrate or protein intake, or the DASH dietary 

pattern) on glycaemic control, maternal weight gain, 

fetal growth, or birth weight, and adverse fetal or 
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neonatal and maternal outcomes in women with 

GDM?[273] 

Dietary restriction What is the appropriate intake of high-

intensity sweetener intake in women with 

GDM?; what is the effect of reducing the 

consumption of processed, high sugar, 

high fat, high salt, and low fibre foods?; 

what is the effect of red meat and fried food 

consumption in women with GDM? 

What is the appropriate intake of high-intensity 

sweetener intake in women with GDM?; what is 

the effect of alcohol consumption on perinatal 

health outcomes?  

What is the amount of alcohol consumption 

associated with fetal birth defects?[273] 

Distribution of 

meals 

What is the ideal distribution of meals 

and snacks to achieve postprandial 

blood glucose targets?; what effect does 

consistent meal timings and consistent 

amount of food intake have on postprandial 

blood glucose targets? 

What is the ideal distribution of meals and 

snacks to achieve postprandial blood 

glucose targets?; what is the ideal amount 

(grams or percentage of total calories) to 

achieve postprandial blood glucose targets?; 

what effect does consistent meal timings, of 

heavy eating, skipping meals or fasting have on 

postprandial blood glucose targets? 

What is the influence of the distribution of meals 

and snacks on glycaemic control, maternal weight 

gain, fetal growth, or birth weight and adverse 

perinatal outcomes in women with GDM?[273]; what 

is the ideal amount (grams or percentage of total 

calories) or type of carbohydrate for women with 

GDM to achieve postprandial blood glucose targets 

after breakfast?[273]; does dividing carbohydrate 

over the day between three not too large main meals 

and 2–3 smaller snacks (including a late meal) lead to 

the avoidance of insulin therapy?[280] 

Abbreviations: CPG, Clinical Practice Guideline; GDM, Gestational Diabetes Mellitus; DRI, Daily Recommended Intake; DASH, Dietary Approaches to Stop Hypertension; [294] 
American College of Obstetricians and Gynaecologists; [95] American Diabetes Association; [273] Academy of Nutrition and Dietetics; [275] Diabetes Canada; [280] German 
Diabetes Association/German Gynaecology and Obstetrics Association; [279] Diabetes UK; [86] The Endocrine Society; [284] International Federation of Gynecology and 
Obstetrics; [288] Ministry of Health Malaysia; [59] National Institute for Health and Care Excellence; [293] Queensland Health; aBolded text refers to similar gaps identified in 
this study as well as from CPGs
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The research gaps identified only by this study included which health professional should provide 

dietary advice, the need for dietary restrictions during pregnancy, care for women with obesity during 

pregnancy, effective treatment plan for women not gaining weight as expected, maternal factors such 

as BMI and age that should be considered when calculating caloric requirements, the effect of severe 

caloric restriction, replacing simple carbohydrates with complex carbohydrates, and effective follow up 

after pregnancy (type of intervention, duration, frequency, and the health professional providing 

follow-up) (Table 2.4). The research gaps identified only by the CPGs included gestational weight 

gain for twin pregnancy in women with GDM and the ideal distribution of calories and carbohydrate 

intake throughout the day, particularly after breakfast (Table 2.4). 

2.4 Discussion 

This systematic review assessed the quality of published CPGs for the treatment of women with 

GDM, identified and compared the dietary recommendations for the management of GDM, the 

evidence base behind the recommendations and identified research gaps within the evidence that 

need further research.  

Overall, less than a tenth of the CPGs were appraised as being of high-quality and over two thirds 

were of low-quality. High-quality CPGs are more credible, valid and effective in clinical practice than 

lower quality CPGs [195]. CPGs of higher quality are more trustworthy as they present a clear scope 

for the CPG, conduct a systematic approach for the search and selection of evidence, display 

transparency in the development of the recommendations, and declare potential sources of bias 

[199]. Scoring was lowest in the editorial and rigour of development domains. Future CPGs need to 

be clearer in their reporting of any conflicts of interest of CPG committee members and have greater 

transparency about any funding for the CPG. The low score in the rigour of development domain 

highlights that future CPGs on the dietary management of GDM should follow a more systematic 

approach to search the evidence-base.  

While dietary advice with or without exercise was recommended as the first-line therapy by all CPGs, 

only 68% made recommendations on carbohydrate intake, and only 42% on fat, and 39% on protein. 

The change in glucose and lipid metabolism and the increased requirement for protein synthesis 

during pregnancy supports the need for recommendations on macronutrient distribution. Similarly, 

recommendations on the intake of dietary fibre, which is a type of carbohydrate, were made by about 
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one in four (23%) CPGs. Fewer than half (45%) of CPGs made recommendation on the distribution of 

meals, most on carbohydrate distribution.  

Overall, the dietary recommendations were inconsistent across CPGs and occasionally contradicted 

other CPG recommendations. Similar results were found in another systematic review of 21 CPGs 

[206]. No CPG made recommendations that covered fully all the dietary topics needed. Furthermore, 

CPGs that used GRADE to assess the evidence-base did not make uniform recommendations. The 

variation in dietary recommendations made across the CPGs are likely to be influenced by differences 

in the target population, resources available and access to available treatments and may explain 

some of the different strategies for management of GDM globally. 

Of the dietary recommendations made, 70% were strong and 58% had a clear link to their source of 

information although 54% were based on very low-quality evidence. The evidence-base used was 

diverse across CPGs which resulted in different dietary recommendations being made, and where 

similar recommendations were made, they were based on evidence of different qualities and therefore 

led to different strengths of recommendations. 

High-quality evidence permits greater confidence in the estimates of treatment effect. Although this 

was often lacking, this is not reflected in the high proportion of strong recommendations that were 

made by the CPGs. This may be justifiable as the quality of the evidence-base does not always agree 

with the strength of the recommendation [184]. The CPG committee members need to evaluate 

additional factors beyond the quality of the evidence-base to assess the strength of the 

recommendation, such as benefits and harms of the intervention, acceptability, feasibility, equity, 

costs and the budget available [184]. 

This study summarised the research gaps in the dietary management of women with GDM to help 

guide future research to enable the development of evidence‐based CPGs. Research gaps for the 

evidence were identified for all the dietary related topics that were compared between CPGs. The 

research recommendations the CPGs made were similar to the research gaps this study identified 

when recommendations had been based on weak evidence, consensus or expert opinion. The 

appropriate first-line therapy, caloric intake, distribution of macronutrients and meals, gestational 

weight gain and follow up after birth were the key research gaps identified.   
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Current recommendations are limited by existing gaps in the literature. While a substantial number of 

studies have investigated the appropriate dietary management for GDM, high-quality research 

remains limited [270,299,300]. Despite this, health professionals and women with GDM must rely on 

the existing evidence-base to inform their decisions. Improving the existing knowledge of the health 

effects of different dietary interventions with additional high-quality evidence will improve the care for 

women with GDM. Further studies on the identified research gaps will progress the knowledge of 

GDM management to improve short- and long-term health outcomes for mothers and their infants. 

Translation of this evidence into clinical practice recommendations can assist healthcare 

professionals into making more informed decisions and aid in decreasing the risk of developing 

further complications in the mother and infant caused by GDM. 

This systematic review has reviewed the dietary recommendations made within CPGs across the 

world for the management of GDM. The AGREE II tool was used to evaluate the quality of CPGs due 

to its construct validity and reliability [199,201]. Furthermore, this is the first systematic review to 

compare the strength of the evidence base used to make the dietary recommendations, to assess the 

quality of the evidence-base behind those recommendations and to identify research gaps found in 

the dietary management of GDM that could become the focus of further research. Comprehensive 

methods were used in searching, screening and selecting eligible CPGs from the literature, identifying 

CPGs for inclusion not previously included [290,298] in an earlier systematic review [206]. This study 

provides an insight on the current dietary interventions for the management of GDM globally and has 

clearly identified significant research gaps that require further research.  

There are several limitations to this systematic review. Selection bias may potentially exist as the 

search of CPGs was limited to English and so excluded CPGs published in any other language. The 

AGREE II tool relies on subjective assessment to evaluate the quality of the CPGs, and although only 

two appraisers were used, the minimum advised when using the AGREE II tool, moderate agreement 

between the appraisers was found [199]. The moderate agreement between appraisers may also be 

due to the different educational and professional background of the appraisers leading to appraisal of 

the CPGs from a different perspective. Increasing the number of appraisers may have improved 

reliability [200]. Finally, subjective assessment of the appraisers was used to link the evidence-base 

to the recommendation when an obvious evidence link was not found, which may possibly introduce 

bias. 
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2.5 Conclusions 

Dietary advice was recommended by all CPGs as the first-line treatment for gestational diabetes, but 

recommendations on dietary interventions, energy and macronutrient intakes were lacking. High-

quality research is needed to improve the evidence-base behind the recommendations and to 

address the research gaps identified. Most CPGs were of low-quality and needed to improve editorial 

independence and rigour of development to help standardise dietary recommendations and improve 

the treatment of women with gestational diabetes. 
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 Sociodemographic Factors Associated with Adherence to 

Dietary Guidelines in Women with Gestational Diabetes: A Cohort 

Study 

This chapter is a manuscript published in Nutrients Journal; doi.org/10.3390/nu13061884. 

3.1 Introduction 

GDM is glucose intolerance first recognised in pregnancy and is managed by providing dietary and 

lifestyle advice, together with pharmacological support, such as oral hypoglycaemics and/or insulin 

when needed [1]. Poorly controlled maternal glucose concentrations increase the risk of complications 

for the woman and her infant during and after the pregnancy [301]. Dietary therapy alone has been 

reported to be effective in controlling maternal blood glucose concentrations in 70% of women [302], 

thus reducing the need for pharmacological treatments, such as insulin or oral hypoglycaemics [56]. 

As dietary advice is recognised worldwide as the first line treatment in the management of GDM, 

assessment of dietary adherence in women with GDM and factors that may influence this is key when 

evaluating care practices [303].  

Adherence is defined by the World Health Organisation as ‘the extent to which a person’s behaviour – 

taking medication, following a diet, and/or executing lifestyle changes, corresponds with the agreed 

recommendations from a health care provider’ [207]. Lack of adherence of a patient to clinical 

recommendations, whether it be for prevention or treatment, can reduce the effect of the desired 

outcome [209]. Adequate adherence to dietary interventions is likely to reduce the risk of developing 

complications of GDM, and so avoidance of treatments that require further adherence [55]. 

Recognising factors that influence dietary adherence by women with GDM to CPG recommendations 

may help identify ways to improve and maintain adherence in high-risk populations [304]. 

Adherence of women with GDM to the New Zealand CPGs dietary recommendations has not been 

previously investigated. This study aimed to assess the proportion of women with GDM who adhere to 

the dietary recommendations in New Zealand and the sociodemographic factors associated with 

adherence.  
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3.2 Methods 

Study Population 

This was a cohort study nested within the TARGET Trial. The TARGET Trial (Australian New Zealand 

Trial Registry: ACTRN12615000282583) is a stepped-wedge cluster randomised trial in women 

diagnosed with GDM that assessed the effect of less tight compared with tighter glycaemic treatment 

targets on maternal and infant health [305]. 

Women with a singleton pregnancy were eligible for this cohort study if they participated in the 

TARGET Trial, completed a FFQ [306] in late pregnancy (close to 36 weeks’ gestation), and data 

were available for at least one of the following maternal and sociodemographic characteristics: 

maternal age, maternal history of GDM, family history of diabetes, parity, BMI, ethnicity, smoking 

status, gestational age at trial entry and New Zealand Deprivation Index (NZDep 2013) [307]. Data 

were collected for the TARGET Trial [305] and included maternal dietary intake using a validated 

semi-quantitative FFQ late in pregnancy (36 weeks’ gestation) [306] and maternal and 

sociodemographic information. 

Dietary Adherence 

Dietary adherence was assessed by comparing the consumed food reported in the FFQ in late 

pregnancy with the New Zealand dietary recommendations from the 2014 New Zealand CPG 

Screening, Diagnosis and Management of Gestational Diabetes in New Zealand [3] and the 2006 

New Zealand CPG for Healthy Pregnant and Breastfeeding Women [258]. These CPGs are those 

most widely used for the dietary management of GDM in New Zealand [308]. Both were 

commissioned by the New Zealand Ministry of Health and complement each other, with the 2014 

CPG providing specific dietary recommendations for women with GDM [3,258].  

The recommendations from these two CPGs were categorised into food-related recommendations 

and non-food-related recommendations. The food-related recommendations included daily intake of 

energy, carbohydrate, saturated fat, vegetables and fruit, breads and cereals (and wholegrain), milk 

and milk products (and reduced-fat), and lean meat, poultry, seafood, eggs, nuts and seeds, and 

legumes. The non-food-related recommendations included ‘visited a dietitian’ and ‘achieved 

recommended weight gain’. The dietary recommendation to ‘consume lean protein’ made in the 2014 
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CPG was assessed by intake of the food group ‘lean meat, poultry, seafood, eggs, nuts and seeds, 

and legumes’ [3]. To ensure no repetition of scores for that category, the food group recommendation 

was used to assess adherence instead of the recommendation ‘consume lean protein’, as this 

included greater detail on serving size.  

As no scoring system for dietary adherence has been validated for New Zealand CPGs specific to 

women with GDM, a scoring tool was developed to assess dietary adherence to food-related CPGs 

(Table 3.1).  

Table 3.1. Food-related recommendations from New Zealand dietary CPG, their cut-off values 
and dietary adherence score [3,258]. 

Food-related 

recommendations 

Intake per 

day 

Dietary scores 

Energy ≥ 1800 kcal Maximum score of 1 if intake is ≥ 1800 kcal/day. If intake 

is < 1800 kcal/day, score is calculated as: 

Caloric intake in kcal/1800  
 

Carbohydrate ≥ 175g Maximum score of 1 if intake is ≥ 175g/day. If intake is < 

175g/day, score is calculated as: 

Carbohydrate intake in grams/175  
 

Saturated fat < 10% of 

energy intake 

Maximum score of 1 if intake is < 10% of energy intake. If 

intake is ≥ 10%, score is calculated as: 

([10 – % of saturated fat intake]/10) + 1 

Minimum score of 0 can be achieved. 
 

 

Vegetables ≥ four 

servings 

Maximum score of 1 if intake is ≥ four servings per day. If 

intake is < four servings, score is calculated as: 

Servings per day/4  
 

Fruits ≥ two servings Maximum score of 1 if intake is ≥ two servings per day. If 

intake is < two servings, score is calculated as: 

Servings per day/2 

Breads and cereals ≥ six servings Maximum score of 1 if intake is ≥ six servings per day. If 

intake is < six servings, score is calculated as: 

Servings per day/6  
 

Wholegrain breads and cereals ≥ six servings Maximum score of 1 if intake is ≥ six servings per day. If 

intake is < six servings, score is calculated as: 

Servings per day/6  
 

Milk and milk products and 

alternatives 

≥ three 

servings 

Maximum score of 1 if intake is ≥ three servings per day. If 

intake is < three servings, score is calculated as: 

Servings per day/3  
 

Reduced-fat milk and milk 

products 

≥ three 

servings 

Maximum score of 1 if intake is ≥ three servings per day. If 

intake is < three servings, score is calculated as:  

Servings per day/3 

Lean meat, poultry, seafood, 

eggs, nuts and seeds, and 

legumes 

≥ two servings Maximum score of 1 if intake is ≥ two servings per day. If 

intake is < two servings, score is calculated as: 

Servings per day/2  

Total possible score for food-related recommendations: 10. 
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A score between zero and one was calculated for each recommendation as the ratio of reported 

dietary intake to the recommended intake, where a maximum score of one was assigned for full 

adherence and a score of zero for no adherence to the recommendations. A participant’s individual 

dietary scores were then summed to assess overall adherence to the food-related CPG 

recommendations on a continuous scale, with a score of 10 indicating full adherence to all food-

related recommendations, while a score of zero indicated no adherence.  

The non-food-related dietary recommendations were the use of dietary therapy as first-line therapy, 

distribution of meals and gestational weight gain. A recent survey on dietetic management of GDM 

conducted among dietitians in New Zealand showed 86% of dietitians reported using the 2006 CPG 

and 79% the 2014 CPG [308]. In this study, we have assumed that during a visit to the dietitian, 

advice consistent with these CPG recommendations on meal and snack consumption, distribution of 

carbohydrates, and consideration of patient preferences and culture would have been given to the 

women [308]. Therefore, if the women had visited a dietitian after the diagnosis of GDM, they were 

considered to have adhered to those recommendations. If maternal weight gain during pregnancy fell 

within the recommendation for the BMI’s range, the woman was considered to have adhered to the 

recommended weight gain.  

Statistical Analysis 

Statistical analysis was conducted using IBM SPSS Statistics 26 statistical software (version 26, IBM 

Corp, Armonk, NY, USA). Baseline characteristics of eligible women were summarised using 

descriptive statistics. Outliers were removed if the maternal energy intake was reported as greater or 

less than 1.5 times the interquartile range.  

The associations between adherence scores for the food-related recommendations and maternal 

characteristics and demographics were explored using ANOVA and linear regression with Fisher's 

least significant difference (LSD) post-hoc analysis where appropriate. The associations between 

non-food-related recommendations and maternal characteristics and demographics were assessed 

using χ2 test and logistic regression. A two-sided P-value of < 0.05 was considered statistically 

significant. 
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3.3 Results 

Study Population 

A total of 313 women with GDM were eligible for and included in this cohort study. Most were of 

European ethnicity, followed by Asian, Pacific, and Māori (Table 3.2). Nearly a third of women were 

living in the most deprived quintile areas, and over half were obese. The median age was 33.0 

(interquartile range: 29.0–36.0) years and 44% were in their first pregnancy. Approximately one in five 

women had been diagnosed with GDM in a previous pregnancy, and over half of the women had a 

family history of diabetes.  

Table 3.2. Maternal characteristics and demographics of women with GDM included in the 
cohort.  

Maternal characteristic and demographics Total (N = 313) 

Age in years 1 33.0 (29.0, 36.0) 

20 to 24 years 13 (4.2) 

25 to 29 years 66 (21.1) 

30 to 34 years 114 (36.4) 

35 to 39 years 91 (29.1) 

40 years and over 29 (9.30) 

Ethnicity  

European 146 (46.6) 

Asian 98 (31.3) 

Pacific People 34 (10.9) 

Māori 31 (9.9) 

Other 4 (1.3) 

Socioeconomic deprivation  

1 to 2 (least deprived) 68 (21.7) 

3 to 4 46 (14.7) 

5 to 6 43 (13.7) 

7 to 8 58 (18.5) 

9 to 10 (most deprived) 98 (31.3) 

Previous GDM 57 (18.2) 

Primiparous 139 (44.4) 

BMI  

Underweight 2 (0.6) 

Normal 31 (9.9) 

Overweight 103 (32.9) 

Obese 177 (56.6) 

Family history of diabetes 169 (54.0) 

Smoking at trial entry 26 (8.3) 

Gestational age at trial entry 1  31.4 (30.0, 32.4) 

Numbers are n (%) or 1 median with interquartile range. Abbreviations: GDM, Gestational Diabetes Mellitus; BMI, 
Body Mass Index.  
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Dietary Adherence Scores 

The mean dietary adherence score was 6.17/10 (standard deviation: 1.22, range: 2.35–9.49). No one 

adhered to all ten food-related recommendations. The proportion of women who adhered to the 

recommended energy intake was 80.8% (n=253) and for carbohydrate intake was 84.3% (n=264). No 

one adhered to the saturated fat intake recommendation, with the majority of woman receiving a 

score of zero (n=262, 83.7%) (Table 3.3).  

Table 3.3. Proportion of the 313 women with GDM who adhered to the CPG dietary 
recommendations and dietary adherence scores. 

Dietary recommendations Fully 

achieved 1 

Median 

score 

25th 

percentile 

75th 

percentile 

Food-related recommendations     

Adherence to all food-related 

recommendations 

0 (0.00) 6.17 5.34 7.00 

Energy 253 (80.8) 1.00 1.00 1.00 

Carbohydrate 264 (84.3) 1.00 1.00 1.00 

Saturated fat 0 (0.00) 0.00 0.00 0.00 

Vegetables 152 (48.6) 0.98 0.64 1.00 

Fruits 142 (45.4) 0.93 0.52 1.00 

Breads and cereals 39 (12.5) 0.44 0.29 0.71 

Wholegrain breads and cereals 9 (2.9) 0.20 0.13 0.42 

Milk and milk products 121 (38.7) 0.76 0.44 1.00 

Reduced-fat milk and milk products 20 (6.4) 0.33 0.12 0.67 

Lean meat, meat alternatives and eggs 107 (34.2) 0.79 0.57 1.00 

Non-food-related recommendations     

Adherence to both non-food-related 

recommendations 

78 (24.9) - - - 

Achieved recommended weight gain 88 (28.1) - - - 

Visited a dietitian 269 (85.9) - - - 
1 Numbers are n (%). 

Adherence to recommendations for the five main food groups (vegetables, fruits, breads and cereals, 

milk and milk products, and lean meat, meat alternatives and eggs) was met by only 4.5% (n=14) of 

the women. Adherence to those recommendations for the main five food groups plus the additional 

two healthier alternatives (wholegrain breads and cereals, and reduced-fat milk and milk products) 

was met by only one percent (n=3) of women. Adherence was greatest for the vegetable food group, 

with nearly half of the women (n=152, 48.6%) consuming the recommended serving (Table 3.3). This 

was closely followed by adherence to the recommended intakes for fruit (n=142, 45.4%), milk and 

milk products (n=121, 38.7%) and lean meat, meat alternatives and eggs (n=107, 34.2%). Adherence 
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to the recommended intake was lowest for the breads and cereal food group (n=39, 12.5%). There 

was also poor adherence to the healthier alternatives in the milk and milk products food group, and 

the breads and cereal food group. Only 7% (n=20) adhered to the advised intake of reduced-fat milk 

and milk products, and only 3% of women (n=9) consumed the recommended servings of wholegrain 

breads and cereals (Table 3.3). 

Adherence to both non-food-related recommendations (visitation to a dietitian and recommended 

gestational weight gain) was met by almost 25% of women with GDM (n=78, 24.9%) (Table 3.3). A 

higher proportion of woman visited a dietitian (n=269, 85.9%) than achieved their recommended 

gestational weight gain (n=88, 28.1%) (Table 3.3). Of the 225 (71.9%) that did not achieve the 

recommended gestational weight gain, 110 (48.9%) women gained weight below the recommended 

range while 115 (51.1%) women gained weight above the recommended range. Nearly all the women 

(n=110, 95.7%) who gained weight above the recommended range were overweight or obese. 

Adherence to Food-Related Recommendations and Maternal Sociodemographics  

Maternal age, parity, gestational age at trial entry, socioeconomic deprivation, family history of 

diabetes, smoking at trial entry and visitation to a dietitian were not associated with total dietary 

adherence score, and adherence to the recommended intake of energy, carbohydrate, and saturated 

fat (Table 3.4). 

Maternal ethnicity was associated with adherence to the recommended energy intake, but not to total 

dietary adherence score, carbohydrate, or saturated fat intake (Table 3.4). Women from other 

ethnicities had significantly lower adherence scores for the recommended energy intake compared to 

Pacific, Asian and European women, although not compared to Māori women.  

Women of normal weight had greater adherence to the energy and carbohydrate recommendations 

compared to women who were underweight or overweight, but not those who were obese (Table 3.4). 

However, women who were underweight had greater adherence to the saturated fat intake 

recommendation compared to women who were normal, overweight, or obese. 

A previous history of GDM was associated with higher dietary adherence scores for energy and 

carbohydrate but lower scores for saturated fat (Table 3.4). Women who achieved the recommended 

weight gain recommendations had higher dietary adherence scores for saturated fat compared to 

women who had gained weight higher or lower to the gestational weight gain recommendation. 
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Table 3.4. Dietary adherence scores for energy, carbohydrate, and saturated fat intake, and 
association with maternal sociodemographic characteristics 

Maternal characteristic Total dietary 

adherence score 1 

Energy 2 Carbohydrate 
2 

Saturated 

fat 2 

Ethnicity P = 0.992 P = 0.048 P = 0.299 P = 0.351 

European 6.20 (1.00) 0.96 (0.08) a 0.97 (0.08) 0.06 (0.16) 

Asian 6.12 (1.33) 0.94 (0.15) a 0.96 (0.12) 0.06 (0.16) 

Pacific People 6.21 (1.61) 0.98 (0.07) a 0.98 (0.06) 0.11 (0.27) 

Māori 6.18 (1.32) 0.94 (0.14) a,b 0.97 (0.10) 0.04 (0.11) 

Other 6.19 (1.61) 0.82 (0.26) b 0.88 (0.24) 0.17 (0.24) 

Maternal age in years P = 0.139 P = 0.075 P = 0.359 P = 0.220 

20 to 24 years 6.10 (1.38) 0.99 (0.05) 0.98 (0.07) 0.09 (0.23) 

25 to 29 years 5.91 (1.09) 0.92 (0.16) 0.95 (0.12) 0.05 (0.14) 

30 to 34 years 6.33 (1.22) 0.97 (0.10) 0.98 (0.09) 0.05 (0.14) 

35 to 39 years 6.09 (1.28) 0.95 (0.11) 0.96 (0.10) 0.10 (0.21) 

40 years and over 6.4 (1.15) 0.97 (0.10) 0.98 (0.09) 0.07 (0.19) 

BMI P = 0.212 P = 0.001 P = 0.007 P = 0.030 

Underweight 5.15 (1.70) 0.69 (0.11) a 0.78 (0.17) a 0.42 (0.18) a 

Normal 6.39 (1.09) 0.99 (0.03) b,d 1.00 (0.00) b,d 0.05 (0.15) b 

Overweight 6.30 (1.25) 0.94 (0.14) c,d 0.96 (0.11) c,d 0.07 (0.17) b 

Obese 6.08 (1.21) 0.96 (0.11) b,c,d 0.97 (0.10) b,c,d 0.06 (0.17) b 

Parity P = 0.186 P = 0.128 P = 0.178 P = 0.486 

Primiparous 6.07 (1.05) 0.94 (0.13) 0.96 (0.11) 0.07 (0.18) 

Multiparous 6.26 (1.34) 0.96 (0.11) 0.97 (0.09) 0.06 (0.17) 

Gestational age at trial entry 3 P = 0.993 P = 0.996 P = 0.896 P = 0.972 

 R2 < 0.001 R2 < 0.001 R2 < 0.001 R2 < 0.001 

Socioeconomic deprivation P = 0.109 P = 0.588 P=0.867 P = 0.200 

1 to 2 (least deprived) 6.38 (1.05) 0.96 (0.10) 0.98 (0.08) 0.06 (0.17) 

3 to 4 5.92 (0.87) 0.96 (0.08) 0.97 (0.10) 0.04 (0.15) 

5 to 6 6.41 (1.40) 0.95 (0.13) 0.96 (0.11) 0.06 (0.16) 

7 to 8 5.95 (1.18) 0.97 (0.10) 0.96 (0.10) 0.04 (0.14) 

9 to 10 (most deprived) 6.18 (1.37) 0.94 (0.14) 0.96 (0.10) 0.10 (0.21) 

Previous GDM P = 0.021 4 P = 0.010 P = 0.033 P = 0.041 

Yes 6.50 (1.27) 0.99 (0.06) 0.99 (0.03) 0.02 (0.19) 

No 6.09 (1.20) 0.95 (0.13) 0.96 (0.10) 0.07 (0.09) 

Family history of diabetes P = 0.100 P = 0.790 P = 0.742 P = 0.309 

Yes 6.28 (1.26) 0.95 (0.12) 0.97 (0.10) 0.08 (0.19) 

No 6.05 (1.16) 0.96 (0.12) 0.96 (0.10) 0.06 (0.15) 

Smoking at trial entry P = 0.103 P = 0.357 P = 0.618 P = 0.257 

Yes 5.80 (1.19) 0.93 (0.12) 0.96 (0.09) 0.10 (0.23) 

No 6.21 (1.22) 0.96 (0.12) 0.97 (0.10) 0.06 (0.17) 

Achieved recommended weight 

gain 

P = 0.941 P = 0.104 P = 0.211 P = 0.017 

Yes 6.17 (1.29) 0.94 (0.14) 0.96 (0.11) 0.10 (0.21) 
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No 6.18 (1.19) 0.96 (0.11) 0.97 (0.09) 0.05 (0.15) 

Visited a dietitian P = 0.715 P = 0.404 P = 0.676 P = 0.689 

Yes 6.19 (1.25) 0.95 (0.12) 0.97 (0.10) 0.06 (0.17) 

No 6.11 (1.04) 0.97 (0.09) 0.97 (0.08) 0.08 (0.19) 

Numbers are n (%) or mean (SD); 1from a possible minimum score of zero and a maximum score of 10; 2 from a 
possible minimum score of zero and a maximum score of one; 3 using linear regression; 4 bold P-values are 
significant at P < 0.05; a,b,c,d different letters indicate statistical differences (P < 0.05) on post-hoc comparison of 
dietary adherence scores in the same column between maternal characteristic groups. Abbreviations: GDM, 
Gestational Diabetes Mellitus; BMI, Body Mass Index; SD, Standard Deviation. 

Dietary adherence to the recommendations differed according to maternal sociodemographic factors 

(Table 3.5). Pacific women had lower adherence to the recommended intake of milk and milk 

products compared to Māori, Asian and European women; however, they had higher adherence to 

the recommended bread and cereals intake (Table 3.5). 

Women in the least deprived areas (NZDep 1 to 2) had higher adherence to the recommended intake 

of milk and milk products compared to women living in the most deprived areas (NZDep 7 to 10) and 

greater adherence to the recommended intake of reduced-fat milk and milk products compared to 

slightly more deprived areas (NZDep 3 to 4) (Table 3.5).  

Women over 40 years of age had greater adherence to the recommended intake of wholegrains 

cereals and breads compared women between the age of 25 to 39 years, but no difference was found 

between women of 20 to 24 years of age (Table 3.5). Multiparous women and women with a previous 

pregnancy with GDM had higher dietary adherence scores to the recommended intakes of bread and 

cereal food group, as well as of wholegrain bread and cereal group, compared to primiparous women 

and women who had not had GDM before. 

Women who smoked had lower adherence to the recommendations for wholegrain bread and cereals 

compared to women who did not smoke (Table 3.5). Women who visited a dietitian at least once had 

greater adherence to the recommended intake of breads and cereals than women who did not visit a 

dietitian after a GDM diagnosis. Maternal BMI, gestational age at trial entry and a family history of 

diabetes were not associated with adherence to any of the recommendations about food groups.  
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Table 3.5. Maternal characteristics and demographics associated with dietary scores of the seven food groups. 

Maternal characteristic Vegetable Fruit Milk and milk 

products 

Lean meat and 

meat alternatives 

Bread and 

cereal 

Reduced-fat 

milk and milk 

products 

Wholegrain 

bread and 

cereal 

Median adherence scores1 0.98 (0.64–1.00) 0.93 (0.52–1.00) 0.76 (0.44–1.00) 0.79 (0.44-1.00) 0.44 (0.29-0.71) 0.33 (0.12–0.67) 0.20 (0.13–0.42) 

Ethnicity 2 P = 0.133 P = 0.871 P≤0.001 4 P = 0.572 P = 0.001 P = 0.506 P = 0.065 

European 0.84 (0.20) 0.74 (0.31) 0.79 (0.24) a,d 0.75 (0.23) 0.45 (0.23) a,d 0.38 (0.32) 0.25 (0.18) 

Asian 0.79 (0.26) 0.74 (0.30) 0.66 (0.29) b,d 0.70 (0.35) 0.55 (0.30) b,c,d 0.41 (0.34) 0.31 (0.27) 

Pacific People 0.77 (0.32) 0.74 (0.30) 0.51 (0.37) c 0.78 (0.29) 0.66 (0.33) b,c 0.30 (0.35) 0.37 (0.34) 

Māori 0.74 (0.30) 0.80 (0.30) 0.76 (0.26) a,b,d 0.75 (0.29) 0.51 (0.33) a,b,d 0.39 (0.36) 0.28 (0.28) 

Other 0.92 (0.16) 0.79 (0.36) 0.75 (0.27)a,b,c,d 0.81 (0.20) 0.35 (0.18) a,b,d 0.48 (0.36) 0.23 (0.19) 

Maternal age in years P = 0.719 P = 0.929 P = 0.164 P = 0.157 P = 0.550 P = 0.771 P = 0.029 

20 to 24 years 0.74 (0.32) 0.78 (0.23) 0.56 (0.27) 0.76 (0.22) 0.53 (0.30) 0.34 (0.33) 0.33 (0.34)ab 

25 to 29 years 0.82 (0.26) 0.73 (0.30) 0.69 (0.28) 0.68 (0.35) 0.48 (0.25) 0.36 (0.34) 0.23 (0.18)a 

30 to 34 years 0.82 (0.24) 0.76 (0.30) 0.75 (0.29) 0.78 (0.27) 0.53 (0.29) 0.41 (0.34) 0.28 (0.24)a 

35 to 39 years 0.79 (0.25) 0.74 (0.33) 0.70 (0.29) 0.71 (0.27) 0.49 (0.28) 0.36 (0.33) 0.29 (0.25)a 

40 years and over 0.84 (0.23) 0.75 (0.28) 0.72 (0.28) 0.76 (0.21) 0.57 (0.30) 0.37 (0.31) 0.41 (0.31)b 

BMI P = 0.324 P = 0.795 P = 0.861 P = 0.099 P = 0.456 P = 0.565 P = 0.129 

Underweight 0.69 (0.26) 0.63 (0.43) 0.56 (0.62) 0.37 (0.02) 0.49 (0.50) 0.43 (0.57) 0.10 (0.09) 

Normal 0.81 (0.27) 0.75 (0.27) 0.70 (0.27) 0.82 (0.23) 0.57 (0.26) 0.38 (0.32) 0.32 (0.22) 

Overweight 0.84 (0.21) 0.77 (0.32) 0.72 (0.27) 0.74 (0.28) 0.53 (0.27) 0.42 (0.35) 0.32 (0.24) 

Obese 0.79 (0.27) 0.74 (0.30) 0.72 (0.30) 0.73 (0.29) 0.49 (0.29) 0.36 (0.32) 0.26 (0.25) 

Parity P = 0.303 P = 0.848 P = 0.763 P = 0.148 P = 0.045 P = 0.966 P = 0.018 

Primiparous 0.83 (0.24) 0.74 (0.30) 0.71 (0.27) 0.71 (0.29) 0.48 (0.26) 0.38 (0.33) 0.25 (0.20) 

Multiparous 0.80 (0.25) 0.75 (0.31) 0.72 (0.31) 0.76 (0.27) 0.54 (0.30) 0.38 (0.34) 0.32 (0.27) 

Gestational age at trial entry3 P = 0.869 P = 0.339 P = 0.137 P = 0.859 P = 0.072 P = 0.862 P = 0.169 

 R2 = 0.001 R2 = 0.003 R2 = 0.004 R2 < 0.001 R2 = 0.010 R2 < 0.001 R2 = 0.006 

Socioeconomic deprivation P = 0.798 P = 0.502 P = 0.033 P = 0.262 P = 0.073 P=0.032 P=0.280 
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1 to 2 0.83 (0.23) 0.78 (0.30) 0.79 (0.26)a,b 0.75 (0.26) 0.52 (0.27) 0.43 (0.36)a,c,d 0.29 (0.24) 

3 to 4 0.78 (0.23) 0.79 (0.26) 0.71 (0.23)a,b,c,d 0.69 (0.28) 0.43 (0.23) 0.29 (0.22)b,d 0.24 (0.21) 

5 to 6 0.83 (0.27) 0.76 (0.31) 0.77 (0.26)a,b,d 0.80 (0.22) 0.51 (0.29) 0.47 (0.34)a,c 0.28 (0.20) 

7 to 8 0.82 (0.23) 0.71 (0.31) 0.65 (0.32)c,d 0.76 (0.26) 0.48 (0.27) 0.32 (0.34)a,b,d 0.25 (0.24) 

9 to 10 0.80 (0.27) 0.72 (0.32) 0.68 (0.31)b,c,d 0.70 (0.32) 0.57 (0.30) 0.39 (0.34)a,b,c,d 0.32 (0.28) 

Previous GDM P=0.790 P=0.102 P=0.768 P=0.136 P=0.010 P=0.651 P=0.004 

Yes 0.82 (0.25) 0.80 (0.26) 0.72 (0.30) 0.79 (0.28) 0.60 (0.31) 0.40 (0.34) 0.37 (0.31) 

No 0.81 (0.26) 0.73 (0.31) 0.71 (0.29) 0.73 (0.28) 0.49 (0.27) 0.38 (0.33) 0.27 (0.22) 

Family history of diabetes P=0.181 P=0.276 P=0.819 P=0.209 P = 0.687 P = 0.065 P = 0.971 

Yes 0.83 (0.24) 0.77 (0.29) 0.72 (0.29) 0.75 (0.25) 0.51 (0.28) 0.42 (0.35) 0.29 (0.25) 

No 0.79 (0.26) 0.73 (0.32) 0.71 (0.29) 0.71 (0.32) 0.50 (0.28) 0.35 (0.31) 0.29 (0.24) 

Smoking at trial entry P = 0.224 P = 0.679 P = 0.472 P = 0.093 P = 0.086 P = 0.615 P = 0.014 

Yes 0.75 (0.29) 0.72 (0.29) 0.68 (0.31) 0.65 (0.30) 0.42 (0.26) 0.41 (0.34) 0.17 (0.16) 

No 0.81 (0.25) 0.75 (0.31) 0.72 (0.29) 0.74 (0.28) 0.52 (0.28) 0.38 (0.33) 0.30 (0.25) 

Achieved recommended 

weight gain 

P = 0.227 P = 0.312 P = 0.807 P = 0.177 P = 0.529 P = 0.306 P = 0.709 

Yes 0.78 (0.25) 0.78 (0.28) 0.71 (0.30) 0.70 (0.30) 0.50 (0.27) 0.41 (0.34) 0.29 (0.26) 

No 0.82 (0.25) 0.74 (0.31) 0.72 (0.29) 0.75 (0.27) 0.52 (0.28) 0.37 (0.33) 0.28 (0.24) 

Visited a dietitian P = 0.741 P = 0.688 P = 0.280 P = 0.389 P = 0.003 P = 0.775 P = 0.171 

Yes 0.81 (0.26) 0.74 (0.31) 0.71 (0.29) 0.73 (0.29) 0.53 (0.29) 0.38 (0.34) 0.29 (0.25) 

No 0.80 (0.21) 0.76 (0.29) 0.76 (0.27) 0.77 (0.25) 0.40 (0.22) 0.37 (0.31) 0.24 (0.21) 
1 Numbers are median (interquartile range); 2 remaining numbers are mean (SD) from a possible minimum score of zero and a maximum score of one; 3 using linear 
regression; 4 bold P-values are significant at P < 0.05; a,b,c,d different letters indicate statistical differences (P < 0.05) on post-hoc comparison of dietary adherence scores in the 
same column between maternal characteristic groups. Abbreviations: GDM, Gestational Diabetes Mellitus; BMI, Body Mass Index.
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Adherence to Non-Food-Related Recommendations and Maternal Characteristics 

No associations were found between a dietitian visit and maternal ethnicity, age, BMI, parity, previous 

history of GDM, socioeconomic deprivation, family history of diabetes, or smoking status (Table 3.6). 

Women were less likely to visit a dietitian after a diagnosis of GDM as gestational age at trial entry 

increased (OR=0.806, P=0.011, Table 3.6). 

No associations were found between achieving gestational weight gain and maternal age, BMI, parity, 

gestational age at study entry, previous history of GDM, socioeconomic deprivation, family history of 

diabetes, or smoking status (Table 3.6). The proportion of Māori women (n=2, 6.5%) who achieved 

the recommended gestational weight gain was lower than for other ethnicities (Table 3.6). 

3.4 Discussion 

Adherence to Dietary Recommendations  

Overall, adherence to the dietary recommendations by women with GDM in New Zealand for the 

management was moderate, with an average adherence score of 6.17/10. However, no women 

adhered to all the dietary recommendations. Approximately four out of five women adhered to the 

energy and carbohydrate recommendations, but a similar proportion of women did not adhere to the 

saturated fat intake recommendation. This suggests that most women with GDM in New Zealand 

consumed an adequate number of calories and carbohydrates but consumed greater than the 

recommended intake of saturated fat.  

Fewer than 4.5% of women adhered to recommendations for all the five main food groups in this 

study. This is slightly higher than the 3% of pregnant women with and without GDM who previously 

were found to have adhered to dietary recommendations in New Zealand [253], the 3.5% of women in 

Ontario, Canada [309] and the 0% in one report from New South Wales, Australia [310]. The dietary 

adherence rates to the individual food group recommendations in this study ranged from 2.9% to 

48.6%. While fewer than half of women adhered to the recommendations for any one of the food 

groups, the median dietary adherence scores indicate that most women were close to adhering to the 

recommended food servings in some of the food groups. For example, the scores for intake of 

vegetables (score=0.98) and fruits (score=0.93) showed that the median intake was 3.92 servings 

instead of the recommended four servings of vegetables, and 1.86 servings instead of the 

recommended two servings of fruits.  
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Table 3.6. Maternal characteristics and demographics associated with visitation to the dietitian 
and recommended weight gain. 

Maternal characteristics Visited a dietitian Achieved weight gain 

Adhered Did not adhere Adhered Did not adhere 

Proportion achieved adherence 269 (85.9) 44 (14.1) 88 (28.1) 225 (71.9) 

Ethnicity P = 0.156 1 P = 0.037 1 

European 121 (82.9) 25 (17.1) 44 (30.1) 102 (69.9) 

Asian 86 (87.8) 12 (12.2) 32 (32.7) 66 (67.3) 

Pacific People 33 (97.1) 1 (2.9) 9 (26.5) 25 (73.5) 

Māori 26 (83.9) 5 (16.1) 2 (6.5) 29 (93.5) 

Other 3 (75.0) 1 (25.0) 1 (25.0) 3 (75.0) 

Maternal age in years P = 0.663 1 P = 0.182 1 

20 to 24 years 12 (92.3) 1 (7.7) 4 (30.8) 9 (69.2) 

25 to 29 years 59 (89.4) 7 (10.6) 15 (22.7) 51 (77.3) 

30 to 34 years 99 (86.8) 15 (13.2) 26 (22.8) 88 (77.2) 

35 to 39 years 74 (81.3) 17 (18.7) 33 (36.3) 58 (63.7) 

40 years and over 25 (86.2) 4 (13.8) 10 (34.5) 19 (65.5) 

BMI P = 0.248 1 P = 0.462 1 

Underweight 2 (100.0) 0 (0.0) 1 (50.0) 1 (50.0) 

Normal 30 (96.8) 1 (3.2) 9 (29.0) 22 (79.0) 

Overweight 86 (83.5) 17 (16.5) 33 (32.0) 70 (68.0) 

Obese 151 (85.3) 26 (14.7) 45 (25.4) 132 (74.6) 

Parity P = 0.860 P = 0.321 

Primiparous 120 (86.3) 19 (13.7) 43 (30.9) 96 (69.1) 

Multiparous 149 (85.6) 25 (14.4) 45 (25.9) 129 (74.1) 

Gestational age at trial entry 2 OR (0.806) P = 0.011 3 OR (0.977) P = 0.723 

Socioeconomic deprivation P = 0.349 1 P = 0.083 

1 to 2 54 (79.4) 14 (20.6) 26 (38.2) 42 (61.8) 

3 to 4 40 (87.0) 6 (13.0) 8 (17.4) 38 (82.6) 

5 to 6 40 (93.0) 3 (7.0) 8 (18.6) 35 (81.4) 

7 to 8 49 (84.5) 9 (15.5) 18 (31.0) 40 (69.0) 

9 to 10 86 (87.8) 12 (12.2) 28 (28.6) 70 (71.4) 

Previous GDM P = 0.380 P = 0.515 

Yes 51 (89.5) 6 (10.5) 14 (24.6) 43 (75.4) 

No 215 (85.0) 38 (15.0) 73 (28.9) 180 (71.1) 

Family history of diabetes P = 0.055 P = 0.288 

Yes 139 (82.2) 118 (90.1) 52 (30.8) 117 (69.2) 

No 30 (17.8) 13 (9.9) 33 (25.2) 98 (74.8) 

Smoking at trial entry P = 0.554 1 P = 0.544 

Yes 24 (92.3) 2 (7.7) 6 (23.1) 20 (76.9) 

No 244 (85.3) 42 (14.7) 82 (28.1) 204 (71.3) 

Numbers are n (%); 1 Fisher’s exact (< 5 counts); 2 using logistic regression; 3 bold P-values are significant at P < 
0.05. Abbreviations: GDM, Gestational Diabetes Mellitus; BMI, Body Mass Index. 
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Globally, pregnant women adhere poorly to the recommended intake for the vegetables food group, 

and the breads and cereals food group [250]. However, from the five food groups, women in this 

study adhered poorly to the recommended breads and cereals intake. The best adherence was to the 

recommended intake of vegetables. The dietary management of GDM emphasises appropriate 

carbohydrate intake from low glycaemic food sources, which may explain why women in this study 

had low consumption of breads and cereals and high vegetable intake [308].  

Higher adherence rates were previously reported among pregnant women with and without GDM in 

New Zealand, compared with women in this study for the recommended intake of fruits (82% vs. 

45.4%), bread and cereals (26% vs. 12.5%) and reduced-fat milk and milk products (10% vs. 6.4%) 

[253]. However, women in this study had higher adherence to the recommended intake for the 

vegetables (27% vs. 48.6%), milk and milk products (28% vs. 38.7%) and lean meat, meat 

alternatives or eggs (21% vs. 34.2%) food groups. Compared to the findings in this study, lower 

adherence to the recommendations across all five food groups was found in a study of pregnant 

women in Australia, which reported that no woman adhered to all the five food group 

recommendations [310].  

Adherence to the non-food recommendations varied greatly. Over 85% of women visited a dietitian 

after GDM diagnosis. These results are comparable to findings in Switzerland [311], and a survey 

conducted amongst dietitians in New Zealand [308]. However, just under 30% of women with GDM 

achieved their recommended weight gain during pregnancy in this study. Adherence to the 

recommended gestational weight gain among women with GDM was found among 38.6% of women 

in Beijing, China [93] and 37.9% of Polish women [312]. Furthermore, among obese Portuguese 

women with GDM, 35.1% adhered to the recommended weight gain during pregnancy, which is 

greater than the 25.4% of obese women who adhered to this recommendation in this study [92].  

Dietary Adherence and Maternal Sociodemographic Characteristics  

Most maternal sociodemographic factors were associated with adherence to the dietary 

recommendations for the management of GDM in New Zealand. From all the maternal 

sociodemographic factors explored, a previous pregnancy with GDM was one of the main factors that 

was associated with better dietary adherence to the CPGs in this study. A previous history of GDM 

was associated with a higher total dietary adherence score and with greater adherence to five of the 
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ten dietary recommendations: energy, carbohydrate, saturated fat, the bread and cereal food group, 

and the wholegrain bread and cereal food group. Knowledge about maternal dietary intake that may 

negatively impact the baby’s health was reported to enhance behaviour change in pregnant women in 

New Zealand [237]. For women with a previous pregnancy with GDM, this may have led to improved 

adherence to most of the recommendations due to prior knowledge about diabetic management 

compared to women receiving dietary advice for GDM for the first time.  

Ethnicity was associated with achieving the recommended gestational weight gain, which is 

consistent with reports in the literature [313–315]. Nine out of ten pregnant Māori women with GDM 

did not achieve the recommended weight gain, which is similar to the reported proportions in previous 

findings [313]. Furthermore, Pacific women had the greatest adherence to the recommended intake of 

breads and cereals food group, which is comparable to a previous report [253]. Pacific and Asian 

women had the lowest intake of milk and milk products among ethnicities in New Zealand, which has 

also been consistently found in the literature [253]. 

A first pregnancy was found to be associated with less adherence to the recommended intake of 

breads and cereals food group, which was also reported among pregnant women in Ontario, Canada 

[309]. In contrast to previous studies in the New Zealand pregnant population, socioeconomic status 

was associated with dietary adherence to the recommended intake of milk and milk products among 

women with GDM [253], with women in the least deprived areas having better adherence to the milk 

and milk products group recommendations. Individuals living in higher socioeconomic deprivation 

areas tend to have less food security and access to food [316]. Furthermore, food insecurity is 

heightened in females compared to males, and in individuals between the ages of 25 and 44 years of 

age, which is characterised by over 95% of the women in this study [316]. The reduced consumption 

of milk and milk products and other food staples in New Zealand is recognized as a primary concern 

among those that are food insecure [317].   

Improving Dietary Adherence  

Targeting modifiable factors may improve adherence to the dietary recommendations for the 

management of GDM. In this study, being underweight and smoking were associated with poorer 

dietary adherence. However in a Danish study, pregnant women with GDM with a lower BMI (median 
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BMI: 28) were more likely to adhere to the dietary CPGs than women with a higher BMI (median BMI: 

30) [255].  

Even though pregnancy is thought to be one of the most receptive times in adulthood to modify 

behaviour, the physiological changes that arise with pregnancy can influence behaviour change [223]. 

A qualitative study that included women with GDM described that morning sickness in the latter half of 

pregnancy, lack of education and food aversions affected adherence to the recommended gestational 

weight gain [318]. Furthermore, meals cooked by family members according to the GDM diet 

recommendations encouraged women to increase vegetable intake [259]. 

The importance of visiting a dietitian after a GDM diagnosis is highlighted in this study, as women who 

visited a dietitian adhered better to the recommendations for breads and cereals food group than 

those who did not visit a dietitian. Inconvenient appointment timing, limited access to health 

professionals and lack of access to transportation to attend a session are reported to be some 

reasons women do not visit a dietitian after being diagnosed with GDM [241,319].  

Study Strengths and Limitations  

While the findings of this study are important to identify how well pregnant women adhere to the 

recommended CPGs for the management of GDM, the study did have some limitations. Dietary 

adherence was assessed using an FFQ which can over- or underestimate dietary intake and relies 

greatly on participant memory. However, the FFQ used in this study was validated, developed for the 

New Zealand population and is suitable for a population-based sample [306]. Furthermore, the 

development of an index to assess adherence, diet quality and food diversity may be useful to provide 

an overall assessment of dietary intake among the population [320]. The scoring tool was not 

validated to assess dietary adherence to the food-related dietary recommendations. However, dietary 

adherence was assessed in this study by calculating dietary intake as ratios of the recommended 

serving sizes to provide a more graduated estimate of maternal intake similar to previous cohort 

studies [213,214]. As the CPGs had no established maximum cut-off of servings for the food 

recommendations, women who ate more than the recommended minimum servings would have 

scored well on the adherence assessment. Therefore, it is unknown whether maternal factors were 

associated with intake greater than the minimum recommended amount. Our study did not have 
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access to maternal educational data but did report on the socioeconomic deprivation index (NZDep) 

that is strongly correlated to the education level achieved. 

This study highlights the need to explore ways to improve adherence to the dietary recommendations 

among women with GDM in New Zealand. Additional research should examine the barriers and 

enablers for healthier eating among women with GDM. Interventional studies should identify optimal 

strategies to help women with GDM improve their adherence to dietary recommendations. 

3.5 Conclusions  

In New Zealand women with GDM, adherence to all CPG dietary recommendations can be improved. 

Adherence is also related to a range of maternal sociodemographic factors. Future research should 

focus on identifying ways to improve dietary adherence, particularly in higher risk groups. 
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 Effect of Adherence to Clinical Practice Guideline 

Recommendations in Women with Gestational Diabetes on Maternal 

and Infant Health: A Cohort Study 

This chapter is a manuscript submitted for publication to Nutrients Journal.  

4.1 Introduction 

GDM is characterised by elevated maternal blood glucose concentrations first identified in mid-

pregnancy. The primary management for GDM is dietary intervention to control blood glucose 

concentrations, with the addition of oral hypoglycaemics and insulin if needed [303]. Uncontrolled 

GDM is associated with increased risk of adverse health outcomes in the mother and infant [321]. 

As with all treatment, adherence to advice given is key [209]. Among women with GDM, moderate 

adherence has been reported for the dietary and pharmacological recommendations, including oral 

hypoglycaemics and insulin [322,323]. Some studies have found an association between achieving 

the appropriate gestational weight gain, and high adherence to pharmacological CPGs for the 

management of GDM, and improved pregnancy health outcomes [87,323]. Infants of women with high 

adherence to pharmacological treatments for GDM had lower rates of neonatal hypoglycaemia 

compared to infants of women with low adherence [323]. Good adherence to gestational weight gain 

recommendations among women with GDM has been associated with decreased risk of caesarean 

section, an infant born LGA, macrosomia, and neonatal hypoglycaemia [87]. However, there is limited 

information on the influence of maternal adherence to dietary CPG recommendations on maternal 

and infant health outcomes.  

This study aimed to identify whether maternal adherence to dietary CPGs recommendations is 

associated with the health of mothers with GDM and their infants.  

4.2 Materials and Methods 

A cohort study nested within the TARGET Trial [305] was conducted to investigate dietary adherence 

in women with GDM in New Zealand. Women who participated in the Target Trial with a singleton 

pregnancy and their infants were eligible for this study if they had completed a validated semi-

quantitative FFQ late in pregnancy (36 weeks’ gestation) [306] and data were available on maternal 
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sociodemographics and health outcomes. These were pre-eclampsia, onset of labour, caesarean 

section, postpartum haemorrhage, use of pharmaceuticals for GDM treatment, infant birthweight, 

gestational age at birth, shoulder dystocia, neonatal hypoglycaemia, neonatal hyperbilirubinaemia 

requiring treatment, neonatal respiratory support, and method of infant feeding at hospital discharge. 

The method to assess maternal dietary adherence to the New Zealand Ministry of Health pregnancy 

CPG recommendations [3,258] has been previously reported [322]. Maternal dietary intake measured 

using a food frequency questionnaire were analysed as a ratio against the 10 food-related dietary 

recommendations. Women who did not adhere to the recommendations achieved a minimum dietary 

adherence score of zero, while those who had complete adherence to the recommendations achieved 

a maximum score of 10. Adherence to the non-food-related recommendations visit to a dietitian at 

least once after GDM diagnosis and appropriate gestational weight gain for BMI were each measured 

as yes or no. Gestational weight gain was categorised into achieving below, appropriate or above the 

recommendation.  

Participants were categorised into tertiles of low, moderate, or high dietary adherence based on 

dietary adherence scores. Sociodemographic characteristics of the women were summarised using 

descriptive statistics and compared using chi-square and ANOVA. Relationships between adherence 

to the recommendations and maternal and infant health outcomes were assessed using odds ratio 

with 95% confidence intervals for categorical outcomes, and t-tests for continuous outcomes. A two-

sided P-value of <0.05 was considered statistically significant. Analyses were conducted using IBM 

SPSS Statistics 26 statistical software (version 26, Armonk, NY). 

4.3 Results 

A total of 313 women with GDM and their infants were included. The median age of the women was 

33.0 years (interquartile range 29.0-36.0 years), most were multiparous (55.6%) and did not smoke 

(91.7%) (Table 4.1). Most women were obese (56.6%) or overweight (32.9%), only 9.9% were normal 

weight and a few were underweight (0.6%). Almost half were European (46.6%), followed by Asian 

(31.3%), Pacific (10.9%), and Māori (9.9%) with the remaining women of other ethnicities (1.3%). 

Over half of the women had a family history of diabetes (54.0%), although most had not had GDM 

previously (81.2%). 
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Table 4.1. Baseline characteristics of 313 participants included from the TARGET Trial. 

Maternal 

sociodemographic 

Adherence to food-related recommendations Adherence to non-food-related recommendations 

Dietary adherence 2 

N (%) 

Visited a dietitian 

N (%) 

Gestational weight gain 

N (%) 

Low (T1)  

N=104 

Moderate 

(T2) 

N=105 

High (T3) 

N=104 

P 

value 

Yes           

N=269 

No 

N=44 

P 

value 

Below 

recommended 

N=110 

Recommended 

N=88 

Above 

recommended 

N=115 

P 

value 

Age in years 1 33.0 

(29.0, 35.0) 

32.0 

(29.0, 36.0) 

33.0 

(30.0, 36.0) 

0.42 33.0 (29.0, 

36.0) 

34.0 

(30.0, 

37.0) 

0.66 33.0 (29.0, 

36.0) 

34.0 (30.3, 

37.0) 

32.0 (30.0, 

35.0) 

0.10 

≤20 to 24 years 5 (4.8) 3 (2.9) 5 (4.8)  12 (4.5) 1 (2.3)  2 (1.8) 4 (4.5) 7 (6.1)  

25 to 29 years 25 (24.0) 25 (23.8) 16 (15.4)  59 (21.9) 7 

(15.9) 

 30 (27.3) 15 (17.0) 21 (18.3)  

30 to 34 years 34 (32.7) 34 (32.4) 46 (44.2)  99 (36.8) 15 

(34.1) 

 38 (34.5) 26 (29.5) 50 (43.5)  

35 to 39 years 31 (29.8) 35 (33.3) 25 (24.0)  74 (27.5) 17 

(38.6) 

 28 (25.5) 33 (37.5) 30 (26.1)  

≥40 years  9 (8.7) 8 (7.6) 12 (11.5)  25 (9.3) 4 (9.1)  12 (10.9) 10 (11.4) 7 (6.1)  

Ethnicity    0.97   0.16    0.25 

European 45 (43.3) 52 (49.5) 49 (47.1)  121 (45.0) 25 

(56.8) 

 49 (44.5) 44 (50.0) 53 (46.1)  

Asian 37 (35.6) 31 (29.5) 30 (28.8)  86 (32.0) 12 

(27.3) 

 35 (31.8) 32 (36.4) 31 (27.0)  

Pacific People 12 (11.5) 10 (9.5) 12 (11.5)  33 (12.3) 1 (2.3)  10 (9.1) 9 (10.2) 15 (13.0)  

Māori 9 (8.7) 11 (10.5) 11 (10.6)  26 (9.7) 5 

(11.4) 

 14 (12.7) 2 (2.3) 15 (13.0)  

Other 1 (1.0) 1 (1.0) 2 (1.9)  3 (1.1) 1 (2.3)  2 (1.8) 1 (1.1) 1 (0.9)  

Socioeconomic 

deprivation index 

   0.35   0.35    0.07 

1 to 2 (least 

deprived) 

16 (15.4) 26 (24.8) 26 (25.0)  54 (20.1) 14 

(31.8) 

 17 (15.5) 26 (38.2) 25 (21.7)  

3 to 4 21 (20.2) 15 (14.3) 10 (9.6)  40 (14.9) 6 

(13.6) 

 16 (14.5) 8 (17.4) 22 (19.1)  

5 to 6 12 (11.5) 14 (13.3) 17 (16.3)  40 (14.9) 3 (6.8)  14 (12.7) 8 (18.6) 21 (18.3)  

7 to 8 23 (22.1) 18 (17.1) 17 (16.3)  49 (18.2) 9 

(20.5) 

 22 (20.0) 18 (31.0) 18 (15.7)  
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9 to 10 (most 

deprived) 

32 (30.8) 32 (30.5) 34 (32.7)  86 (32.0) 12 

(27.3) 

 41 (37.3) 28 (28.6) 29 (25.2)  

Previous GDM 19 (18.3) 13 (12.5) 25 (24.5) 0.08 51 (19.2) 6 

(13.6) 

0.38 21 (19.3) 14 (16.1) 22 (19.3) 0.81 

Primiparous 48 (46.2) 52 (49.5) 39 (37.5) 0.20 120 (44.6) 19 

(43.2) 

0.86 47 (42.7) 43 (48.9) 49 (42.6) 0.61 

BMI    0.63   0.25    0.10 

Underweight 1 (1.0) 1 (1.0) 0 (0.00)  2 (0.7) 0 (0.0)  1 (0.9) 1 (1.1) 0 (0.0)  

Normal 8 (7.7) 11 (10.5) 12 (11.5)  30 (11.2) 1 (2.3)  17 (15.5) 9 (10.2) 5 (4.3)  

Overweight 29 (27.9) 37 (35.2) 37 (35.6)  86 (32.0) 17 

(38.6) 

 32 (29.1) 33 (37.5) 38 (33.0)  

Obese 66 (63.5) 56 (53.3) 55 (52.9)  151 (56.1) 26 

(59.1) 

 60 (54.5) 45 (51.1) 72 (62.6)  

Family history of 

diabetes 

53 (53.0) 54 (54.5) 62 (61.4) 0.44 139 (54.1) 30 

(69.8) 

0.06 57 (54.3) 52 (61.2) 60 (54.5) 0.57 

Smoking at trial 

entry 

11 (10.6) 9 (8.7) 6 (5.8) 0.45 24 (9.0) 2 (4.5) 0.55 8 (7.3) 6 (6.8) 12 (10.4) 0.59 

Gestational age at 

trial entry 1 

31.4 (30.1, 

32.4) 

31.4 (30.3, 

32.5) 

31.3 (29.8, 

32.3) 

0.78 31.3 (29.9, 

32.3) 

32.0 

(30.8, 

33.2) 

0.01 31.2 (30.0, 

32.3) 

31.6 (30.0, 

32.4) 

31.4 (30.0, 

32.6) 

0.86 

Figures are numbers (%) or 1 median (interquartile range). 2 Tertiles: T1: dietary score 0 to 5.6, T2: dietary score >5.6 to 6.7, T3: dietary score >6.7 to 10. BMI, body mass 
index. GDM, gestational diabetes mellitus. 
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The mean dietary adherence score was 6.17/10 (standard deviation=1.22, range=2.35–9.49). Of the 

313 women, 104 (33.2%) had low adherence, 105 (33.6%) moderate adherence and 104 (33.2%) 

high adherence to the food-related recommendations (Table 4.1). Most women (n=269, 85.9%) 

adhered to the recommendation to visit a dietitian. Less than a third of women achieved the 

recommended gestational weight gain (n=88, 28.1%), while similar numbers gained less (n=110, 

35.2%) or more weight (n=115, 36.7%) than recommended.  

Across the tertiles of dietary adherence, women had similar age, parity, BMI, smoking rates, ethnicity, 

socioeconomic deprivation, history of previous GDM and family history of diabetes. The 

sociodemographic profiles were similar for women who did or did not visit a dietitian and for women 

achieving below, appropriate or above the recommended weight gain (Table 4.1). Gestational age at 

trial entry was lower among women who visited a dietitian (median=31.3, interquartile range=29.9-

32.3) compared to women who did not visit a dietitian (median=32.0, interquartile range=30.8-33.2) 

(Table 4.1). 

Women with high dietary adherence compared to women with low adherence had lower rates of 

needing pharmacological treatment, oral hypoglycaemics and/or insulin for glucose control (63.5% 

versus 76.0%; OR=0.55, 95%CI=0.30-1.00, P=0.05), induction of labour (57.6% versus 68.3%), 

emergency caesarean section (52.6% versus 59.5%) and postpartum haemorrhage (18.0% versus 

27.2%), but similar rates of pre-eclampsia, hypoglycaemia, and normal labour (Table 4.2) (Appendix 

F). High dietary adherence compared to low adherence was not associated with changes in the odds 

for use of oral hypoglycaemics alone, use of insulin alone, combination use of oral hypoglycaemics 

and insulin, elective caesarean section, or method of infant feeding at hospital discharge. 

Women with moderate dietary adherence compared to women with low adherence had lower rates of 

oral hypoglycaemics or/and insulin use (69.5% versus 76.0%) and spontaneous labour (23.9% versus 

31.7%) but similar rates of pre-eclampsia, hypoglycaemia, and caesarean section (Table 4.2). 

Moderate adherence compared to women with low adherence was not associated with changes in the 

odds for use of oral hypoglycaemics alone, use of insulin alone, combination use of oral 

hypoglycaemics and insulin, induced labour, elective and emergency caesarean section, postpartum 

haemorrhage and breastfeeding, formula or combination feeding at hospital discharge (Figure 4.1).  
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Table 4.2. Dietary adherence to the recommendations and frequency of maternal and infant health outcomes. 

Health outcomes 

Adherence to food-related recommendations 
Adherence to non-food-related recommendations 

Dietary adherence 2 

N (%) 
Visited a dietitian  

N (%) 

Gestational weight gain  

N (%) 

Low (T1) 

N=104 

Moderate (T2) 

N=105 

High (T3) 

N=104 

Yes           

N=269 

No      

N=44 

Below 

recommended 

N=110 

Recommended 

N=88 

Above 

recommended 

N=115 

Maternal health outcomes 

Pre-eclampsia 4 (3.8) 5 (4.8) 6 (5.8) 11 (4.1) 4 (9.1) 8 (7.3) 3 (3.4) 4 (3.5) 

Maternal hypoglycaemia 1 (1.0) 4 (3.8) 1 (1.0) 5 (1.9) 1 (2.3) 4 (3.6) 0 (0.0) 2 (1.7) 

Pharmacological use          

Diet alone 25 (24.0) 32 (30.5) 38 (36.5) 77 (28.6) 18 (40.9) 35 (31.8) 31 (35.2) 29 (25.2) 

Use of oral hypoglycaemics or/and 

insulin 

79 (76.0) 73 (69.5) 66 (63.5) 192 (71.4) 26 (59.1) 75 (68.2) 57 (64.8) 86 (74.8) 

Use of oral hypoglycaemics alone 32 (40.5) 32 (43.8) 30 (45.5) 80 (41.7) 14 (53.8) 33 (44.0) 28 (49.1) 33 (38.4) 

Use of insulin alone 16 (20.3) 17 (23.3) 12 (18.2) 38 (19.8) 7 (26.9) 14 (18.7) 15 (26.3) 16 (18.6) 

Use of oral hypoglycaemics and 

insulin 

31 (39.2) 24 (32.9) 24 (36.4) 74 (38.5) 5 (19.3) 28 (37.3) 14 (24.6) 37 (43.0) 

Labour 82 (78.8) 88 (83.8) 85 (81.7) 217 (80.7) 38 (86.4) 93 (84.5) 72 (81.8) 90 (78.3) 

Spontaneous labour 26 (31.7) 21 (23.9) 36 (42.4) 70 (32.3) 13 (34.2) 29 (31.2) 26 (36.1) 28 (31.1) 

Induced labour 56 (68.3) 67 (76.1) 49 (57.6) 147 (67.7) 25 (65.8) 64 (68.8) 46 (63.9) 62 (68.9) 

Caesarean section 42 (40.4) 41 (39.0) 38 (36.5) 107 (39.8) 14 (31.8) 36 (32.7) 36 (40.9) 49 (42.6) 

Elective caesarean section 17 (40.5) 15 (36.6) 18 (47.4) 45 (42.1) 5 (35.7) 15 (41.7) 15 (41.7) 20 (40.8) 

Emergency caesarean section 25 (59.5) 26 (63.4) 20 (52.6) 62 (57.9) 9 (64.3) 21 (58.3) 21 (58.3) 29 (59.2) 

Postpartum haemorrhage 28 (27.2) 25 (24.5) 18 (18.0) 65 (24.9) 6 (13.6) 17 (15.9) 25 (29.4) 29 (25.7) 

Feeding at hospital discharge         

Breastmilk without formula  73 (70.2) 72 (68.6) 82 (78.8) 196 (72.9) 31 (70.5) 87 (79.1) 58 (65.9) 82 (71.3) 

Both formula and breastmilk 23 (22.1) 28 (26.7) 19 (18.3) 60 (22.3) 10 (22.7) 19 (17.3) 27 (30.7) 24 (20.9) 

Formula without breastmilk 8 (7.7) 5 (4.8) 3 (2.9) 13 (4.8) 3 (6.8) 4 (3.6) 3 (3.4) 9 (7.8) 

Infant health outcomes 

Shoulder dystocia  1 (1.0) 1 (1.0) 2 (1.9) 4 (1.5) 0 (0.0) 0 (0.0) 2 (2.3) 2 (1.7) 

Birthweight in grams, mean (SD) 1 3227.6 (493.1) 3385.5 (475.0) 3322.6 

(494.7) 

3293.2 

(479.4) 

3427.7 

(543.0) 

3211.6 (469.6) 3267.6 (479.8) 3442.40 

(493.2) 

Gestational age at birth <37 weeks 9 (8.7) 4 (3.8) 9 (8.7) 16 (5.9) 6 (13.6) 6 (5.5) 7 (8.0) 9 (7.8) 

Gestational age at birth ≥37 weeks 95 (91.3) 101 (96.2) 95 (91.3) 253 (94.1) 38 (86.4) 104 (94.5) 81 (92.0) 106 (92.2) 
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SGA  9 (8.7) 3 (2.9) 10 (9.6) 19 (7.1) 3 (6.8) 11 (10.0) 8 (9.1) 3 (2.6) 

AGA 85 (81.7) 91 (86.7) 82 (78.8) 227 (84.4) 31 (70.5) 90 (81.8) 74 (84.1) 94 (81.7) 

LGA 10 (9.6) 11 (10.5) 12 (11.5) 23 (8.6) 10 (22.7) 9 (8.2) 6 (6.8) 18 (15.7) 

Neonatal hypoglycaemia 33 (31.7) 32 (30.5) 26 (25.0) 83 (30.9) 8 (18.2) 27 (24.5) 28 (31.8) 36 (31.3) 

Hyperbilirubinaemia  3 (2.9) 2 (1.9) 6 (5.8) 7 (2.6) 4 (9.1) 3 (2.7) 2 (2.3) 6 (5.2) 

Any respiratory support after birth 4 (3.8) 3 (2.9) 7 (6.7) 11 (4.1) 3 (6.8) 3 (2.7) 4 (4.5) 7 (6.1) 

Figures are numbers (%) or 1 mean (standard deviation). 2 Tertiles: T1: dietary score 0 to 5.6, T2: dietary score >5.6 to 6.7, T3: dietary score >6.7 to 10. SD: standard deviation; 
SGA: small-for-gestational-age; AGA: appropriate-for-gestational-age; LGA: large-for-gestational-age. 
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Figure 4.1. Forest plot for the odds of experiencing maternal and infant health outcomes in women with moderate (circles, blue) and high 
(diamonds, red) adherence to dietary recommendations compared with women with low adherence (reference group).
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Infants of women with high dietary adherence compared to infants of women with low adherence had 

similar rates of shoulder dystocia, preterm birth, hyperbilirubinaemia, need for respiratory support 

after birth, and mean birth weight, and similar odds of neonatal hypoglycaemia, SGA, appropriate-for-

gestational-age (AGA), and LGA (Figure 4.1) (Appendix G). 

Infants of women with moderate dietary adherence compared to infants of women with low adherence 

had lower rates of preterm birth (3.8% versus 8.7%), SGA (2.9% versus 8.7%) and higher mean 

birthweight of 158 grams (95%CI=26-290, P= 0.02) (Table 4.2). Moderate adherence compared to 

low adherence was not associated with reduced odds of shoulder dystocia, neonatal hypoglycaemia, 

hyperbilirubinaemia, AGA, LGA, or need for respiratory support after birth (Figure 4.1). 

Women who visited a dietitian compared to women who did not had higher rates of oral 

hypoglycaemics and insulin use (38.5% versus 19.3%; OR=2.96, 95%CI=1.12-7.80, P=0.03), 

caesarean section (39.8% versus 31.8%) and postpartum haemorrhage (24.9% versus 13.6%), but 

similar rates of maternal hypoglycaemia, spontaneous and induced labour, and breastfeeding, 

formula feeding and combination feeding at hospital discharge (Figure 4.2) (Appendix H). Visiting a 

dietitian compared to no visit was not associated with reduced odds of pre-eclampsia, use of diet 

alone, use of oral hypoglycaemics alone, or use of insulin alone.  

Infants of women who visited a dietitian compared to infants of women who did not had more than 

twice the odds of being AGA (84.4% versus 70.5%, OR=2.27, 95%CI=1.10-4.69, P=0.03), and lower 

odds of LGA (8.6% versus 22.7%, OR=0.32, 95%CI=0.14-0.73, P=0.01) and developing neonatal 

hyperbilirubinaemia (2.6% versus 9.1%, OR=0.27, 95%CI=0.08-0.95, P=0.04) (Table 4.2) (Appendix 

I). Rates were similar for the other infant outcomes comparing infants of women with GDM who visited 

a dietitian with those of women who did not, including shoulder dystocia, SGA, and neonatal 

respiratory support (Table 4.2).  
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Figure 4.2. Forest plot for the odds of experiencing maternal and infant health outcomes in women who visited a dietitian (graph A, circles, blue) 
compared with no dietitian visit (graph A, reference group), and in women with low weight gain (graph B, circles, blue) and high weight gain (graph 
B, diamonds, red) compared with appropriate weight gain (graph B, reference group). 
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Women who achieved appropriate weight gain compared to women who gained less than 

recommended weight had lower rates of pre-eclampsia (7.3% versus 3.4%), induced labour (68.8% 

versus 63.9%), use of oral hypoglycaemics and insulin (37.3% versus 24.6%), but similar rates for 

hypoglycaemia, and caesarean section (Table 4.2). Lower than recommended weight gain compared 

to appropriate weight gain was associated with reduced odds of postpartum haemorrhage (15.9% 

versus 29.4%; OR=0.45, 95%CI=0.23-0.91, P=0.03), and breastmilk and formula feeding at hospital 

discharge (17.3% versus 30.7%; OR=0.47, 95%CI=0.24-0.92, P=0.03), and increased odds of fully 

breastfeeding at hospital discharge (79.1% versus 65.9%; OR=1.96, 95%CI=1.04-3.70, P=0.04) but 

no difference in only formula feeding at hospital discharge (Figure 4.2). Achieving the recommended 

weight gain compared to weight gain below that recommended was not associated with altered odds 

for the remaining maternal health outcomes. 

Women who achieved appropriate weight gain compared to women who gained more than the 

recommended weight had lower rates of induced labour (63.9% versus 68.9%) and use of oral 

hypoglycaemics and/or insulin (64.8% versus 74.8%), but similar rates of pre-eclampsia, 

hypoglycaemia, caesarean section, both elective and emergency, and postpartum haemorrhage 

(Table 4.2). Women who gained more than the recommended weight compared to women who 

achieved appropriate weight gain had higher rates of receiving a combination of oral hypoglycaemics 

and insulin (43.0% versus 24.6%; OR= 2.51, 95%CI=1.26-5.01, P=0.01) (Figure 4.2), but similar rates 

of the remaining maternal health outcomes. 

Infants of women who achieved appropriate weight gain compared to infants of women who gained 

less than the recommended weight had higher rates of preterm birth (5.5%, versus 8.0%), AGA 

(81.8% versus 84.1%), and neonatal hypoglycaemia (24.5% versus 31.8%), but similar mean 

birthweights and rates of SGA, LGA, hyperbilirubinaemia, and neonatal respiratory support (Table 

4.2).   

Infants of women who achieved appropriate weight gain compared to infants of women who gained 

more than the recommended weight had lower rates of LGA (6.8% versus 15.7%), higher rates of 

SGA (9.1% versus 2.6%) and lower mean birthweight of (-175 grams, 95%CI=-38 to -311, P=0.01) 

but similar rates of shoulder dystocia, pre-term birth, AGA, hypoglycaemia, hyperbilirubinemia, and 

neonatal respiratory support (Table 4.2). 
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4.4 Discussion 

This study has demonstrated that different degrees of maternal adherence to the dietary 

recommendations within New Zealand CPGs for the management of GDM are related to health 

outcomes for both the mother and infant.  

High adherence to the food-related recommendations was associated with less oral hypoglycaemics 

and/or insulin use. Dietary intervention can normalise maternal glycaemic concentrations among most 

women with GDM by improving insulin sensitivity, without the need for oral hypoglycaemics and 

insulin [134]. Oral hypoglycaemics and insulin use can place additional burdens on the mother 

including adhering to a complex regimen of insulin injections and medication intake, gaining skills to 

self-administer the medication, and learning when to increase insulin dosage according to food 

consumption [319,324].  

Moderate dietary adherence compared to low adherence was associated with a mean increase of 158 

grams in infant birthweight. Similarly, we found that gestational weight gain above that recommended 

compared to achieving appropriate weight gain was associated with a mean increase of 175 grams in 

birthweight. Maternal dietary patterns characterised by high intakes of vegetables, fruit and dairy 

during pregnancy are associated with higher infant birthweights [325]. This increase in mean 

birthweight is of interest but may not be clinically significant as there was no difference in infant size 

categories (i.e., SGA, AGA or LGA) between the groups.  

We observed decreasing rates of caesarean section, postpartum haemorrhage, neonatal 

hypoglycaemia, and formula feeding at hospital discharge as dietary adherence to the food-related 

recommendations increased across tertiles. While similar trends have not been observed in the 

literature, some research have reported the association between maternal diets high in vegetables 

and decreased incidence of these health outcomes [326,327]. The patterns we found may indicate a 

positive trend between increasing dietary adherence and lower incidence of these adverse health 

outcomes. 

Visiting a dietitian was associated with increased insulin and oral hypoglycaemic use, which has been 

observed in previous studies [328]. The New Zealand CPG recommends that women should visit a 

dietitian after the diagnosis of GDM to help manage their blood glucose concentrations by dietary 

interventions [3]. However, a survey of dietitians in New Zealand reported that 89% of referrals of 
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women with GDM occurred due to poor glycaemic control, and over 50% of dietitians saw women with 

GDM after the commencement of oral hypoglycaemics or insulin [308]. Regulating blood glucose 

concentrations via dietitian guidance tailored to individual nutritional needs based on lifestyle and 

pharmacological use may improve the management of GDM [329]. 

Visiting a dietitian was associated with lower odds of women having an infant born LGA and needing 

treatment for hyperbilirubinemia. Effective dietary interventions in combination with appropriate 

nutrition counselling techniques, skills and knowledge provided by a dietitian has been shown to help 

normalise blood glucose concentrations [329]. In a woman with GDM, high blood glucose 

concentrations increases fetal insulin production and can result in fetal overgrowth, leading to a LGA 

infant [38]. LGA infants have higher haematocrits than AGA infants, resulting in an increase in haeme 

turnover and an increased risk of neonatal hyperbilirubinaemia [330]. LGA infants also have a greater 

risk of being born by operative delivery, birth injuries and nerve damage compared to AGA infants. In 

childhood and adulthood they have an increased risk of being overweight and obese having 

hypertension, and metabolic syndrome [331–333]. 

Our results showed that appropriate weight gain compared to above recommended weight gain was 

associated with less insulin and oral hypoglycaemic use. Excessive gestational weight gain is 

associated with decreased insulin sensitivity, which results in an increase in blood glucose 

concentrations [334,335]. Oral hypoglycaemic drugs and insulin are used to improve glycaemic 

control when dietary intervention alone is insufficient to control maternal hyperglycaemia in women 

with GDM. 

Breastmilk is the preferred method of infant feeding as it is the best source of nutrition, contains 

antibodies and adapts to the need of the infant [336]. We found that achieving appropriate gestational 

weight gain compared to weight gain below the recommended was associated with lower odds of 

breastfeeding at hospital discharge. In contrast, a meta-analysis of five cohort studies involving 3,506 

pregnant women including those with GDM found that women who did not gain the recommended 

gestational weight compared to women with appropriate weight gain were 27% less likely to initiate 

breastfeeding [337]. However, other factors that can influence breastfeeding initiation include 

unplanned pregnancy, failure to attach, insufficient milk supply and maternal attitude towards 

breastfeeding, none of which were measured in our cohort [338]. Planned pregnancy has been 
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reported to be an indicator of lower gestational weight gain compared to unplanned pregnancy,[339] 

and planned pregnancy is also associated with higher breastfeeding rates in New Zealand [338]. 

To our knowledge, this cohort study is one of the first to explore the associations between adherence 

to the dietary recommendations for the management of GDM and maternal and infant health. Women 

who participated in the Target Trial were recruited from ten hospitals throughout New Zealand, so that 

the cohort is nationally representative. Limitations of the study included the low incidence of some 

outcomes such as maternal hypoglycaemia and infant shoulder dystocia leading to wide confidence 

intervals.  

4.5 Conclusions 

In conclusion, improving dietary adherence to the dietary and non-dietary related recommendations 

among women with GDM is associated with improved maternal and infant health. Interventions to 

improve dietary adherence may result in better health outcomes.  
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 Summary of Research Findings, Implications, and Future 

Directions  

GDM is carbohydrate intolerance first identified during pregnancy that increases the risk of short- and 

long-term adverse maternal and infant health outcomes. Dietary intervention is used to manage GDM 

by controlling maternal blood glucose concentrations. This thesis aimed to address the research gaps 

identified after reviewing the literature on the dietary management of GDM. Firstly, we aimed to 

review the current dietary CPG recommendations for the management of GDM, assess the quality of 

these CPGs, evaluate the evidence-base behind the dietary recommendations, and identify the 

research gaps that exist within the dietary recommendations. Secondly, we aimed to assess dietary 

adherence to the recommendations among women with GDM and identify whether maternal 

sociodemographic factors influence dietary adherence. Lastly, we aimed to explore the influence of 

dietary adherence of women with GDM on maternal and infant health outcomes. 

Aim 1. To review the current dietary recommendations for GDM management 

Key findings 

We conducted a systematic review to assess the quality of international CPGs on the dietary 

management of GDM, evaluate the dietary recommendations and their evidence-base, and identify 

the research gaps for the current guidance for GDM management in clinical practice. We found that 

most CPGs for the dietary management of GDM were of low-quality. Dietary intervention was 

recommended as the first-line therapy for GDM management globally, although most dietary 

recommendations were based on very low-quality evidence. Several research gaps were identified for 

all dietary topics for the management of GDM.  

Implications for clinical practice 

Lifestyle modifications are essential in the management of GDM but the optimal maternal diet for 

GDM management is still unknown as the review of international CPGs suggest that dietary 

recommendations are inconsistent and there is uncertainty about the evidence base used to develop 

the CPGs. Ideally, a dietary intervention should control maternal glucose concentrations, promote the 

growth and development of the fetus, and reduce the risk of adverse health outcomes associated with 
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GDM. The results from the systematic review can be used to increase awareness of the current 

quality of the CPGs and assist health professionals in making informed decisions in clinical practice. 

Clinicians should be made aware of recent gaps in the evidence and be mindful of using CPGs that 

have not been updated with the current evidence. The development of a ‘living’ systematic review or 

CPG that contains up-to-date evidence or recommendations as soon as new evidence becomes 

available may be useful in clinical practice to guide health professionals on appropriate treatment 

options [340]. The Practice-based Evidence in Nutrition (PEN) system is the global resource for 

nutrition practice and is currently attempting to develop a living CPG for the dietary management of 

GDM [341]. 

Considerations for future research 

The current dietary recommendations for GDM management can only be as strong as the evidence 

they are based on. Currently, there is limited high-quality evidence for dietary recommendations to 

guide clinical practice for women with GDM, as most recommendations were based on low-quality 

evidence and several research gaps were identified which highlights the dietary topics that need 

further exploration. These research gaps included caloric intake, macronutrient and micronutrient 

intake, dietary restrictions, distribution of meals, the health professional providing dietary advice, 

gestational weight gain, and frequency of follow up during pregnancy and after birth. 

The research gaps identified in our review should be prioritised to redirect the efficient use of 

resources for clinical trial research with the greatest relevance to improve health [342]. In New 

Zealand, the ON TRACK Network has established a framework for prioritising maternal and perinatal 

health research questions [342]. By prioritising the research gaps to meet local needs with the 

involvement of stakeholders, researchers can effectively plan appropriate research studies, 

encourage efficient allocation of funds by agencies and provide research evidence to the 

policymakers [167]. Addressing the research gaps identified may lead to the development of future 

public policies or refinement of the current policies by recognising the need for additional services, 

access to new services, or re-distribution of resources [167].  

Future research should involve high-quality clinical trials with appropriate aims to address the 

research gaps found and identify the best dietary intervention for women with GDM. Factors that may 

hinder the implementation of evidence in clinical practice should be considered, such as cost of the 
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intervention, access to treatment and social constructs to ensure acceptability of the intervention 

among consumers and health practitioners [343].  

Aim 2. To investigate dietary adherence among women with GDM to the 

current New Zealand dietary CPG recommendations. 

Key findings 

We conducted a prospective cohort study involving 313 women with GDM to investigate maternal 

adherence to the New Zealand Ministry of Health dietary recommendations for GDM management. 

Women with GDM had moderate dietary adherence to the CPG recommendations, 86% of women 

visited a dietitian after GDM diagnosis, but only 28% of women achieved appropriate gestational 

weight gain. Maternal sociodemographic factors, such as primiparity, no previous history of GDM and 

being underweight were associated with poorer adherence to the dietary recommendations for GDM 

management. Adherence to the dietary CPG recommendations can be improved, especially for 

women who poorly adhered to recommendations of saturated fat intake, wholegrain bread and 

cereals intake, and reduced-fat milk and milk products intake. 

Implications for clinical practice 

Dietary CPG recommendations are created to be flexible and individualised by the health practitioner 

according to a woman’s nutritional needs, values, preferences, and culture. The maternal 

sociodemographic factors identified by our study may aid health professionals to better support 

dietary management among women with GDM by recognising the maternal factors associated with 

poor maternal adherence. Furthermore, we found only 28% of women with GDM gained the 

appropriate weight during pregnancy which may indicate a greater need for support and appropriate 

advice to women about healthy maternal weight gain in pregnancy by health professionals.   

Considerations for future research 

Modifiable factors that have been reported to impact on maternal dietary intake during pregnancy 

should be explored such as maternal knowledge of serving sizes and understanding food labels in 

relation to dietary adherence [241,319]. Future studies are needed to assess methods to improve 

dietary adherence, which may include focus groups to identify barriers to dietary adherence, such as 
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cost and access to food, familial support available, maternal stress and anxiety, unclear 

communication of health professionals, as well as the enablers to dietary adherence such as use of 

local support groups to improve self-efficacy and dietary education.  

Dietary adherence among women with GDM in New Zealand may improve with additional maternal 

support. Interventional studies to investigate the implementation of strategies that may result in 

improved dietary adherence to the food related recommendations may include smartphone 

applications, text message reminders or trustworthy educational websites [344–347].  

Only 28% of women with GDM gained the appropriate weight during pregnancy which may be 

suggestive of several factors such as food cravings of healthy and unhealthy foods, psychosocial 

variables, or a lack of awareness of recommended weight gain or food portion sizes. Involving the 

care of health professionals such as dietitians in GDM management to individualise dietary 

interventions is important to understand how best to support behaviour change. Strategies to improve 

adherence to the non-food related recommendations of achieving gestational weight gain and visiting 

a dietitian may include telehealth counselling or smartphone applications, and their effectiveness 

should be assessed within the New Zealand population [348,349].  

Our study shows the need for a validated tool to measure dietary adherence among pregnant women 

in New Zealand. Developing a validated tool and classification system for dietary adherence would 

enable a more consistent evaluation, and allow for comparisons of adherence to the dietary 

recommendations at different time periods among populations [350].  

Aim 3. To investigate maternal adherence to CPG dietary recommendations 

influences the health outcomes of mothers with GDM and their infants 

Key findings 

We conducted a prospective cohort study to influence the impact of maternal dietary adherence to the 

CPG recommendations on maternal and infant health outcomes. We found that high adherence to the 

dietary recommendations compared to low adherence was associated with less maternal use of oral 

hypoglycaemics and insulin. Visiting a dietitian compared to no dietitian visit was associated with an 

increased use of oral hypoglycaemics and insulin, but decreased odds of a large for gestational age 

infant and neonatal hyperbilirubinaemia. Achieving the recommended weight gain was associated 
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with less use of oral hypoglycaemics and insulin compared to greater than recommended weight gain 

but associated with increased odds of postpartum haemorrhage and decreased breastfeeding 

compared to gaining lower than the recommended gestational weight. 

Implications for clinical practice  

Maternal and infant health outcomes may be improved by attaining high dietary adherence to the New 

Zealand Ministry of Health food and non-food dietary CPG recommendations. Health professionals in 

New Zealand should aim to provide dietary advice to women with GDM according to their needs and 

preferences to improve the rates of adverse maternal and infant health outcomes [351]. The 

development of appropriate Māori health workforce to ensure the dietary intervention is culturally safe 

and appropriate may improve maternal and infant health outcomes among Māori women with GDM. 

While we found that achieving the recommended weight gain was associated with decreased 

breastfeeding compared to gaining lower than the recommended gestational weight, very high rates 

of breastfeeding were reported across women of all gestational weight gain groups. Therefore, the 

statistical significance found may not be of clinical importance.  

Considerations for future research 

There is limited information on the influence of dietary adherence among women with GDM on 

maternal and infant health outcomes. Further studies in other populations and other countries are 

needed to investigate the dietary adherence for GDM management on maternal and infant health 

outcomes to enrich the literature, to influence policy changes, and assess behaviour change 

strategies to improve dietary adherence across different cultures and sociodemographic areas. 

Furthermore, although most dietitians use the New Zealand MOH CPG recommendations to advice 

dietary management for women with GDM, inconsistent advice to women has been reported [308]. 

Dietitians in New Zealand have reported that some barriers in providing dietary advice for women with 

GDM are a lack of patient accessibility to health professionals, as well as maternal socioeconomic 

factors such as cooking skills, household income, and language barriers [352]. Further identification of 

the barriers and enablers in adapting and implementing the New Zealand CPG among dietitians may 

result in improved delivery of recommendations and clear communication to the women. Strategies to 

improve the implementation of the dietary CPG recommendations will lead to more consistent advice 
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for GDM management across New Zealand dietitians and may improve dietary adherence among 

women with GDM.  

Future studies should expand on our results by assessing maternal physical activity during pregnancy 

concurrently with dietary adherence. Assessing both lifestyle components may result in better 

maternal and infant health outcomes, as exercise has been reported to improve maternal blood 

glucose concentrations [152]. Normalising maternal blood glucose concentrations has been reported 

to reduce the risk of short-term maternal health outcomes such as pre-eclampsia, induction of labour, 

caesarean section and postpartum haemorrhage [37–40].  

Our study showed promising results on the influence of dietary adherence on improving short term 

maternal and infant health outcomes. Further high-quality research is needed to investigate the 

impact of dietary adherence on maternal health outcomes occurring after birth and later in life such as 

postpartum depression, development of type 2 diabetes and cardiovascular disease, and the 

recurrence of GDM. Research is also needed on the impact of maternal dietary adherence during 

pregnancy on long-term infant health outcomes such as childhood obesity, body fat percentage, 

cognitive development, and the development of type 2 diabetes. 

Conclusions 

This thesis aimed to investigate the current dietary advice for the management of GDM, rates of 

adherence to the dietary recommendations among women with GDM, and the influence of dietary 

adherence on maternal and infant health. We reported dietary advice varied globally, women with 

GDM in New Zealand had moderate dietary adherence to the Ministry of Health CPG, and maternal 

dietary adherence for GDM management likely improves maternal and infant health outcomes. As the 

prevalence of GDM continues to rise globally, there is a growing need to advance the current dietary 

management of GDM. Future clinical trials should focus on improving the quality of the evidence-base 

and address the research gaps identified in this thesis. Further research is needed to appropriately 

investigate strategies to improve dietary adherence among women with GDM.  
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 Appendices 

Appendix A. Protocol for systematic review  

Background 

Gestational Diabetes (GDM) is carbohydrate intolerance that is first identified during pregnancy that 

may lead to serious health outcomes in the mother and infant [1,2]. Increased insulin resistance in 

conjunction with inadequate insulin response is present in the mother usually from mid gestation 

[353,354]. Some risk factors that contribute to the development of GDM are the women being 

overweight or obesity before pregnancy [35], a family history of GDM or type 2 diabetes [27–29] and 

maternal age above 35 years [355].  

Globally, GDM affects nearly 30% of pregnant mothers [5,12]. In New Zealand, the prevalence of 

GDM was 9.3% in 2017, an estimated increase of 4.3% from 2005 [13,14,356]. Nowadays, it is 

estimated that over 5,000 women are diagnosed with GDM in New Zealand annually, or roughly 1 in 

every 11 pregnant women.   

Mothers with GDM compared with mothers without are at a higher risk for developing adverse health 

outcomes such as pre-eclampsia [38,39] and needing a caesarean birth [268,357]. Later risks include 

developing impaired glucose metabolism and type 2 diabetes [30,42]. Raised maternal blood glucose 

concentrations can lead to fetal hyperglycaemia which increases the risk of the infant being born large 

for gestational age and birth injuries [48]. Infants born to women with GDM are at risk for childhood 

obesity and type 2 diabetes [358]. Mothers and infants are more at risk of developing these adverse 

consequences if maternal glycaemia is not well controlled [55].   

The prevention of adverse pregnancy outcomes among mothers with GDM includes lifestyle 

modifications and dietary intervention strategies with use of oral hypoglycaemics and insulin if 

required. Like other types of diabetes, diet plays a major role in the management of GDM as dietary 

carbohydrate is a key contributor to blood glucose concentrations [77]. Global research has 

recognised that medical nutrition therapy can alter insulin resistance in pregnant women during the 

second half of pregnancy, and glycaemic control through diet often eliminates the need for medication 

[56].  
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Several dietary approaches have been suggested in the management of GDM. However, the 

literature is unclear which strategy is the most effective. Inconclusive evidence from the few 

randomised trials to date have led to ambiguous results and made it difficult to come to a consensus 

[106]. Controlling maternal glycaemia reduces the risk of adverse outcomes in the mother and infant 

significantly. While an individualised approach is always the most effective way of dealing with any 

type of diabetes, health practitioners require some foundation on which to base their clinical 

decisions.  

Clinical Practice Guidelines (CPGs) offer structure and guidance in the health care setting by 

recommending the most beneficial form of care based on the current evidence available. Different 

organisations have focused on developing CPGs unique to their target population. However, clinical 

practice guidelines are not created equally. A guideline of high quality is more credible, valid and 

effective in clinical practice than one of lower quality [195]. A high quality CPG should be reproducible 

with the same evidence, reliable in the same clinical situation, representative of all key disciplines, 

clinically applicable and flexible, clear and well documented, and should be up-to-date [196]. CPGs 

may be of lower quality because of poor quality evidence behind the recommendations, different 

interpretations of the evidence and lack of consensus among the multidisciplinary guideline committee 

[197].  

CPG recommendations are largely formulated according to the evidence-base and the consensus of 

the multidisciplinary guideline development team. Evidence of higher quality is more likely to be 

provide a stronger recommendation than lower quality evidence. However, evidence has not been 

consistently graded across the literature. This variability can be accounted for by the different grading 

systems used. The preferred and most commonly used tool to appraise the quality of evidence is the 

GRADE tool [178]. GRADE is widely used in the development of CPGs because of its structured 

approach and methodology in evaluating the evidence-base specifically for CPGs. 

The initial level of certainty of the evidence is established according to the study design; randomised 

trials have high certainty and observational studies have low certainty. A number of factors can 

influence the certainty of evidence (Table 6.1). 
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Table 6.1. Study factors that affect the quality of evidence [178] 

Quality of evidence decreases Quality of evidence increases 

Study design limitations (high bias, no blinding) Magnitude of effect is large (relative risk and odds ratio) 

Inconsistency A dose-response gradient is present 

Indirectness Confounders would reduce the effect  

Imprecision 

Publication bias 

Confounders would increase the effect if no effect was 

observed 

Although the quality of evidence lies on a continuum, the GRADE tool categorises the quality of 

evidence according to the level of confidence in the effect. 

• High quality: Further research is very unlikely to change our confidence in the estimate of 

effect. 

• Moderate quality: Further research is likely to have an important impact on our confidence in 

the estimate of effect and may change the estimate. 

• Low quality: Further research is very likely to have an impact on our confidence in the 

estimate of effect and is likely to change the estimate. 

• Very low quality: There is very little confidence in the estimate of effect.  

The most effective instrument to date developed to appraise CPGs is the AGREE tool. The AGREE 

instrument appraises the quality of a CPG based on 6 domains: (1) scope and purpose, (2) 

stakeholder involvement, (3) rigour of development, (4) clarity of presentation, (5) applicability, and (6) 

editorial independence. The original AGREE tool has been updated to AGREE II with some minor 

modifications, such as application of the tool in non-clinical settings, as well as re-arrangement of 

items in the six domains.  

The quality of guidelines on the management of GDM has been previously appraised using the 

AGREE II tool [269,359]. However, the AGREE II tool is based on subjective scoring for each of the 

domains, with only two published articles on the topic of the management of GDM [269,359]. Table 

6.2 gives an example of the appraisal of the IDF CPG on GDM and how the domain scores within the 

AGREE II tool can differ according to the appraiser [269,283,359]. 
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Table 6.2. Comparison in the scoring of domains for clinical practice guideline on GDM 

appraisal 

AGREE Domains Appraisers 

Greuter, 2012 [359] Zhang, 2019 [269] 

1. Scope and Purpose 67% 89% 

2. Stakeholder Involvement 8% 47% 

3. Rigor of Development 38% 45% 

4. Clarity of Presentation 71% 100% 

5. Applicability 94% 100% 

6. Editorial Independence 50% 50% 

As the domain scoring is subjective, different professional background and experience with CPG and 

AGREE II tool may explain the discrepancies in domain scores between appraisers. These domain 

scores are used to assess whether the CPG can be recommended for use in the clinical field. 

Therefore, further research appraising CPGs on GDM is needed to improve the quality assessment of 

the guidelines to allow for more accurate comparison.  

Although the CPGs for screening and diagnosis of GDM have been compared previously, there has 

been limited evaluation of the dietary management of GDM. A recent systematic review has 

compared recommendations for the management of GDM across 14 international CPGs [269]. High 

variability in the recommendations for management of GDM across the CPGs was recognised and 

with a comprehensive focus on use of insulin treatment, lifestyle management was only briefly 

mentioned in that review. The results showed that all 14 CPGs recommended that medical nutrition 

therapy should be advised to control maternal glycaemia and only 8 CPGs recommended physical 

activity [269]. While the CPGs recommended lifestyle modification as a primary intervention, the 

specifics of dietary management were only briefly mentioned. Further research needs to build on their 

findings. A comprehensive comparison of nutritional recommendations in each CPG is necessary as 

there is limited information as to what dietary intervention is optimal for women with GDM. 

Rationale 

As the rates of GDM continues to increase globally, the need for a uniform consensus for the dietary 

management of GDM intensifies. The topic of dietary recommendations in the management of GDM 

within global GDM guidelines has not been well reviewed.   
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Therefore, the aim of this systematic review is to review the current New Zealand and international 

dietary recommendations for women with GDM to compare the quality of the recommendations.  

Objectives 

The main objective is to assess the current New Zealand and international clinical practice guidelines’ 

dietary recommendations for women with GDM. The specific objectives of this research are: 

1. To compare the current New Zealand and international dietary recommendations for 

management of GDM. 

2. To examine the evidence base behind the dietary recommendations within the CPGs. 

3. To identify the gaps in dietary recommendations and the areas that need further research. 

4. To assess the quality of international CPGs on dietary recommendations for GDM using the 

AGREE II tool. 

Methods 

A systematic review of international CPGs that include dietary advice for women with GDM will be 

conducted and assessed using the PRISMA-P checklist [271]. The checklist will clarify the location of 

each section of the items described. 

Eligibility criteria 

Guidelines eligible for the systematic review will include national and international clinical practice 

guidelines that include dietary management of gestational diabetes. Guidelines that do not specify 

GDM will be excluded as they do not distinguish the type of diabetes. Guidelines included in the study 

must be: (1) concerning pregnant women with GDM, (2) addresses the dietary management of GDM, 

(3) full text publicly available, (4) available in English (5) endorsed, prepared, or authorised by a 

national or international body and (6) published since the year 2000. If more than one version of a 

CPG exists, only the most recent edition will be included. Consensus statements and position papers 

will be eligible for inclusion.  

CPGs that are under review or unpublished will be excluded from the review. Guidelines about 

pregnant women with pre-existing diabetes will be excluded as well as guidelines about GDM 

prevention during the pre-conception period or between pregnancies. Guidelines that were developed 

for the use in one institute, such as hospital guidelines, will not be included in this review.  
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Study outcomes 

Outcomes of this study are categorised by objectives as followed:  

Objective 1. To compare the current New Zealand and international dietary recommendations. 

The primary study outcomes of this objective are: 

1. Dietary recommendations of the CPGs for management of GDM include maternal: 

a. Energy requirements 

b. Carbohydrate intake 

c. Protein intake 

d. Fat intake 

e. Dietary restrictions 

f. Distribution of meals 

2. Dietary recommendations for the management of GDM compared between the CPGs 

according to: 

a. Qualitative dietary advice, such as type of food 

b. Quantitative dietary advice, such as amount of food 

The secondary outcomes of this objective are: 

1. Recommendation of dietary management as the first line of treatment in the management of 

GDM. 

2. Identify and compare the health professional who is recommended to provide the dietary 

advice to the mother according to the CPGs. 

3. Recommendation for dietary follow up, the frequency and duration of follow up and the health 

professional providing the follow up: 

a. During pregnancy 

b. After pregnancy 

Objective 2. To examine the evidence base behind the dietary recommendations. 

The primary study outcome of this objective is: 
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1. Uniformity of the evidence base behind each dietary recommendation listed in the main 

outcome by comparing the evidence type, number of studies and number of participants.  

The secondary outcomes of this objective are: 

1. Report the tool used to assess the quality of evidence in each CPG.  

2. Compare the quality of the evidence behind each dietary recommendation among all CPGs 

3. Compare the quality of the evidence for only the CPGs that use the GRADE tool to grade the 

evidence. 

Objective 3. To identify the gaps in dietary recommendations in CPGs for GDM and the areas 

that need further research. 

The primary study outcomes of this objective are: 

1. Research gaps on dietary management of GDM identified by the multidisciplinary guideline. 

2. Dietary recommendations that possibly require further research and are based on: 

a. Weak evidence 

b. Expert or professional opinion and without an evidence base 

3. Compare the research gaps identified by the different CPGs. 

Objective 4. To assess the quality of international CPGs on GDM using the AGREE II tool. 

The primary study outcome of this objective is: 

1. Rank, categorise and compare the CPGs according to their quality using the AGREE II tool. 

The secondary outcomes of this objective are: 

1. Assess the comprehensiveness of the recommendations by reviewing and comparing the 

CPGs search strategy. 

2. Assess the applicability of the dietary recommendations in the clinical setting for health 

providers and mothers with GDM.  

Search strategy 

The search strategy will be developed and revised with a librarian specialising in medical and health 

sciences to assure a relevant and thorough search of the literature. A systematic search strategy of 
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the literature will be conducted using six databases: MEDLINE (via Ovid, 1946 onwards), EMBASE 

(via Ovid, 1980 onwards), CINAHL Plus, National Guidelines Clearinghouse database, National 

Institute for Health and Clinical Excellence (NICE) database and Trip. In order to include the most 

recent CPGs, guidelines from January 1, 2000 to June 30, 2019 will be included. Literature will be 

restricted to the English language only. The search will be tailored to each database and free text 

terms related to CPG, GDM and nutrition will be used. MEDLINE Medical Subject Headings (MeSH) 

terms will be included and Boolean operators ‘AND’ and ‘OR’ will be used to combine search terms. 

Table 6.3 represents a sample search conducted on MEDLINE via Ovid. 

Table 6.3. Sample search using MEDLINE via Ovid 

# Searches Results 

1. Diabetes, Gestational/ 9657 

2. (pregnancy induced diabet* or gestational diabet* or gdm).mp. [mp=title, abstract, original title, 

name of substance word, subject heading word, floating sub-heading word, keyword heading 

word, organism supplementary concept word, protocol supplementary concept word, rare 

disease supplementary concept word, unique identifier, synonyms] 

14011 

3.  1 or 2  15616 

4. exp Diet/ or "Diet, Food, and Nutrition"/ or Diet Therapy/ or Diet, Diabetic/ 272706 

5. Nutrition Therapy/ or exp Nutrition Policy/ 12079 

6. (diet* or nutrition* or mnt or medical nutrition therapy or nutrition* management).mp. 938547 

7. 4 or 5 or 6 971881 

8. Guideline/ or Practice Guideline/ 32113 

9. Practice Guidelines as Topic/ 110557 

10. Consensus Development Conference/ or Consensus/ or Consensus Development 

Conferences as Topic/ 

2117055 

11. (recommendation or policy or cpg or clinical practice guideline or standard or practice or 

consensus).mp. 

23533 

12. (position statement* or policy statement* or practice parameter* or best practice*).ti,ab,kf,kw. 29452 

13. or/8-12 2128806 

14. 3 and 7 and 13 503 

15. limit 14 to yr="2000 -Current" 463 

16. limit 15 to English language 432 

Additionally, grey literature such as websites and health organisations will be searched to identify 

guidelines published outside of electronic databases. These websites will include organisations that 

have relevance to health, medicine, diabetes, or nutrition. To ensure all guidelines are included, 

reference lists of all eligible articles will be hand searched.  
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Data extraction and management 

The results from the literature search will be uploaded to Covidence which is a reference 

management tool. The results will be screened, and the literature eligible for inclusion will be 

determined independently by two researchers. The full text of the eligible documents will be reviewed 

and the reasons for excluding any literature will be documented. Any discrepancies relating to 

inclusion will be discussed and reviewed by a third researcher. If the CPG document includes 

information on Type 1 or 2 diabetes, only information regarding gestational diabetes will be extracted. 

Figure 6.1 illustrates the search strategy used to determine the appropriate literature that will be 

included.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.1. Study flow diagram of the search strategy 

Of the CPGs eligible for inclusion two researchers will independently extract all relevant outcome data 

into a study data record form. This will include CPG characteristics such as the title, author, year of 

publication and update, country, and the issuing organisation of the guideline, as well as dietary 

recommendations during pregnancy, evidence base behind the dietary recommendations, evidence 
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appraisal tools and the methodology of the CPG. If the methodology of the CPG is located in a 

separate supporting document, that will be allocated to accompany the guideline.  

Standardisation of evidence-base grades 

The tools used to grade the evidence base in each CPG will be studied and investigated by the 

researchers to understand the scoring system behind each tool. A grading plan will be developed 

across all tools and according to the explanation behind the tools’ grading criteria, evidence will be 

standardised to four strengths of evidence similar to GRADE’s criteria of high, moderate, low and very 

low quality. 

Comparing strength of recommendations 

The reported strength of the recommendations will be compared to similar recommendations of other 

CPGs. If the strength is not reported, it will be assessed according to the wording of the 

recommendation. The wording of recommendations in a CPG indicates the confidence that the 

benefits outweigh the harm of an intervention, and the degree to which adherence to the intervention 

would be beneficial. NICE and WHO have suggested suitable wording for recommendations based on 

the strength of the recommendation which will be used to assess the strength if it is not stated 

[169,184]. The strength of the recommendation will be evaluated and will be reported as shown in 

Table 6.4. 

Table 6.4. Reported strength of recommendation  

Comprehensiveness of evidence 

This includes evaluating the review questions the CPG multidisciplinary team formulated prior to the 

search of evidence. Additionally, the search strategy used for exploring the literature will be reviewed, 

including the search terms used for each review question and the database years of coverage to 

Strength of recommendation Reported strength of recommendations 

Strongly for ++ 

Weakly for  + 

Uncertain ? 

Weakly against - 

Strongly against -- 
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identify any out-of-date evidence. Gaps in the literature that will improve the quality of evidence 

behind the recommendations will be identified. 

Applicability of recommendations 

The applicability of the CPG is determined by the assessing the clarity and suitability of the 

recommendations assessed by the fourth and fifth domain of the AGREE II tool, clarity of presentation 

and applicability, as they appraise the user-friendliness of the CPG, the ease of understanding the 

recommendations and the barriers and facilitators of applying the recommendations in a real-life 

setting.  

Quality of CPGs 

The quality of CPGs will be appraised using the AGREE II tool. The AGREE II instrument is currently 

the gold standard to assess the quality of CPG. The AGREE II tool has been used extensively by 

researchers, policy makers and clinicians [201]. One of the main advantages of using AGREE II to 

evaluate the quality of guidelines is its construct validity (P=0.05). Two to five users are needed to 

appraise the guideline to achieve an inter-rater reliability of 0.7 [199]. Therefore, two researchers will 

independently appraise the CPGs, and any disagreements will be discussed with a third researcher 

with experience with the AGREE II tool and CPGs. Appraisals of all CPGs will be done online using 

My AGREE PLUS which allows users to track their progress. 

The average score for each of the items in the domains of the two users will be calculated. Separate 

scores for each domain will be added up and scaled as a percentage from the maximum possible 

score for each domain. The following formulas will be used to calculate the scaled domain score: 

Minimum possible score = 1 (strongly disagree score) x number of items per domain x number of appraisers 

Maximum possible score = 7 (strongly agree score) x number of items per domain x number of appraisers 

Quality score % =  
Average obtained score – Minimum possible score

Maximum possible score – Minimum possible score
 x 100 

The scaled domain score is used to determine the quality of a CPG. Each score represents the 

strengths and limitation of the CPG in that specific domain. However, the AGREE consortium did not 

set a fixed cut-off point for the classification of CPG quality and has left it up to the appraisers to set 

their own. Previous studies have differed in their approach to determine the appropriate cut offs, and 

either used the two- or three-step system. The two-step system classifies CPG into low and high-



 

 
pg. 122 

quality, while the three-step system includes an additional moderate-quality classification. This study 

will use the three-step approach as it seems more appropriate based on the AGREE II tool’s overall 

assessment of CPG ‘recommendation for use’ on an ordinal scale of ‘yes’, ‘yes, with modifications’ or 

‘no’.  

Moreover, the AGREE II tool has given the decision to the appraisers to either prioritise the 

importance of each domain or, give all the domains equal rank. For example, several studies have 

assumed that domain 3, rigour of development, is the most important for assessing the quality of the 

CPG and have based their cut-off point on that domain alone. While this approach may be suitable for 

their research, this study will capture the importance of all the domains, and classify the cut-off for 

high, moderate, and low-quality CPG for the total averaged domain scores.  

Previous literature has considered a cut off below 50% as low quality in a two-system approach, due 

to the limited effect of the CPG on practice, and an average high quality cut off of 50% to 70% [360]. 

Studies that use a three-step approach have used a lower cut off of 30% for a low-quality CPG, and a 

higher average high quality cut off of 60% to 83%. However, if a CPG with a score of <50% is 

considered to be of limited use, then the low-quality score cut off for the three-step approach will 

classify some ineffective CPGs as moderate quality. Table 6.5 shows how this study will classify the 

quality of CPG to develop the threshold score used by previous studies. 

Table 6.5. Classification of the quality of clinical practice guidelines according to domain score 

cut-offs 

Quality of CPG Cut-off points for total average score Recommended for use 

High >70% Yes 

Moderate 50% to 70% Yes, with modifications 

Low <50% No 

Data synthesis 

A summary of the characteristics of the CPGs will be presented in shell tables including CPG title, 

target country or region, year of publication and updated if applicable, country, and the issuing 

organisation of the guideline. The summaries of the extracted data on dietary recommendations for 

each CPG will be tabulated, and the similarities and differences on dietary recommendations among 

all CPGs will be described. 
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The tools used to assess the evidence base in each CPG will be reported, along with the modified 

evidence score to improve uniformity across the grading scores. The evidence base behind similar 

recommendations will be compared across all CPGs using tables, as well as across CPGs that have 

used GRADE tool to appraise the evidence base. All dietary recommendations will be tabulated and 

compared to other CPGs according to number of studies behind each recommendation, level of 

evidence, and strength of the recommendation.  

A narrative description identifying the need for further research specified by the CPG will be 

compared among the CPGs to evaluate whether common research gaps exist. Dietary 

recommendations that may need further research will be identified and assessed according to 

whether the recommendation is based on weak evidence or expert opinion without an evidence base.  

A comparison on the quality of the guidelines will be presented in a table according to the AGREE II 

tool domains, overall quality classification according to domain score and recommendation for use. 

The CPGs will be ranked according to overall domain scores from high quality to low quality CPGs. 

The comprehensiveness of the CPG will be assessed by calculating the mean or median scores for 

domain 3 of the AGREE II tool by comparing the review questions and the search strategy between 

the CPGs. The applicability will be assessed by calculating the mean or median scores of domains 4 

and 5 of the AGREE II tool by comparing the common barriers and facilitators identified for the 

implementation of the recommendations.  

Statistical analysis 

All statistical analyses will be conducted using SPSS Statistics for Windows Version 23 (Armonk, NY). 

Descriptive analyses will be conducted on the CPG quality domain scores. Inter-rater reliability of the 

two appraisers for each domain will be calculated using Cohen kappa statistics, and researchers will 

aim for a Kappa statistic value of 0.8 which indicates a strong level of agreement between appraisers 

[361].  
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Appendix B. Search strategy for systematic review 

This table was part of the published systematic review in Chapter 2, reported as supplementary 

material, and presents the search strategy for the systematic review using the Embase database as 

an example (Table 6.6).   

Table 6.6. Search Strategy for Embase 

# Searches Results 

1. Diabetes, Gestational/ 11130 

2. (pregnancy induced diabet* or gestational diabet* or gdm).mp. [mp=title, abstract, heading 

word, drug trade name, original title, device manufacturer, drug manufacturer, device trade 

name, keyword, floating subheading word, candidate term word] 

23165 

3. 1 or 2 27581 

4. exp Diet/ or "Diet, Food, and Nutrition"/ or Diet Therapy/ or Diet, Diabetic/ 408861 

5. Nutrition Therapy/ or exp Nutrition Policy/ 49333 

6. (diet* or nutrition* or mnt or medical nutrition therapy or nutrition* management).mp. 1170579 

7. 4 or 5 or 6 1170579 

8. Guideline/ or Practice Guideline/ 389118 

9. Practice Guidelines as Topic/ 281429 

10. Consensus Development Conference/ or Consensus/ or Consensus Development 

Conferences as Topic/ 

87171 

11. (recommendation or policy or cpg or clinical practice guideline or standard or practice or 

consensus).mp. 

3348506 

12. (position statement* or policy statement* or practice parameter* or best practice*).ti,ab,kw. 43488 

13. or/8-12 3357049 

14. 3 and 7 and 13 1130 

15. limit 14 to yr="2000 -Current" 1073 

16. limit 15 to English language 1015 
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Appendix C. Characteristics of included clinical practice guidelines 

This table was part of the published systematic review in Chapter 2, reported as supplementary 

material, and presents further information on the characteristics of the included CPGs (Table 6.7). 
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Table 6.7. Characteristics of included clinical practice guidelines 

CPG Issuing body Title Target area Year published/ 

updated 

A.N.D[273] Academy of Nutrition and Dietetics Academy of Nutrition and Dietetics Gestational Diabetes 

Evidence-Based Nutrition Practice Guideline 

United States 2018 

AACE/ACE[274]  American Association of Clinical Endocrinologists, 

American College of Endocrinology 

Clinical Practice Guidelines for Developing a Diabetes 

Mellitus Comprehensive Care Plan 

United States 2015 

ACOG[294] American College of Obstetricians and 

Gynaecologists 

Clinical Management Guidelines for Obstetrician-

Gynecologists 

United States 2018 

ADA[95] American Diabetes Association Management of Diabetes in Pregnancy: Standards of 

Medical Care in Diabetes 

United States 2019 

CCP/SCLE[276] Ceylon College of Physicians, Sri Lanka College 

of Endocrinologists 

Diabetes Mellitus Management Guidelines Sri Lanka 2018 

CDA[275] Diabetes Canada Diabetes and Pregnancy Canada 2018 

DDG/DGGG[280] German Diabetes Association, German 

Gynaecology and Obstetrics Association 

Gestational Diabetes Mellitus (GDM) – Diagnosis, 

Treatment and Follow-Up 

Germany 2018 

DI/AMD/SID[277] Diabete Italia, Associazione Medici Diabetologi, 

and Societa` Italiana di Diabetologia 

Italian standards for diabetes mellitus Italy 2008 

DIPSI[278] Diabetes in Pregnancy Study Group India Gestational Diabetes Mellitus – Indian Guidelines India 2009 

DUK[279] Diabetes UK Diabetes UK evidence-based nutrition guidelines for the 

prevention and management of diabetes 

United 

Kingdom 

2018 

ENDO[86] The Endocrine Society Diabetes and Pregnancy: An Endocrine Society Clinical 

Practice Guideline 

United States 2013 

FIGO[284] International Federation of Gynecology and 

Obstetrics 

The International Federation of Gynecology and Obstetrics 

(FIGO) Initiative on Gestational Diabetes Mellitus: A 

Pragmatic Guide for Diagnosis, Management, and Care 

International 2015 

HKCOG[295] Hong Kong College of Obstetricians and 

Gynaecologists 

Guidelines for the Management of Gestational Diabetes 

Mellitus 

Hong Kong 2016 

HSE[281] Health Service Executive Guidelines for the Management of Pre-gestational and 

Gestational Diabetes Mellitus from Pre-conception to the 

Postnatal period 

Ireland 2010 

IDF[283] International Diabetes Federation Pregnancy and diabetes International 2009 

ISE[282] Indonesian Society of Endocrinology Indonesian Clinical Practice Guidelines for Diabetes in 

Pregnancy 

Indonesia 2013 

JDS[285] Japan Diabetes Society Japanese Clinical Practice Guideline for Diabetes Japan 2016 

LAEG[286] Latin American Experts Group Latin American consensus on diabetes mellitus and 

hypertension 

Latin America 2004 
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MOH MY[288] Ministry of Health Malaysia Management of Diabetes in Pregnancy Malaysia 2017 

MOH NZ[3] Ministry of Health New Zealand Screening, Diagnosis and Management of Gestational 

Diabetes in New Zealand: A clinical practice guideline 

New Zealand 2014 

MOH SG[289] Ministry of Health Singapore Ministry of Health Clinical Practice Guidelines: Diabetes 

Mellitus 

Singapore 2014 

MOH SL[291] Ministry of Health Sri Lanka Clinical Practice Guidelines Management of Diabetes 

Mellitus 

Sri Lanka 2013 

MOH UAE[298] Ministry of Health United Arab Emirates National Diabetes Guidelines United Arab 

Emirates 

2009 

MOHFW IN[287] Ministry of Health & Family Welfare India Diagnosis & Management of Gestational Diabetes Mellitus: 

Technical and Operational Guidelines 

India 2018 

MOPH QA[290] Ministry of Public Health Qatar The diagnosis and management of diabetes mellitus in 

pregnancy 

Qatar 2017 

NICE[59] National Institute for Health and Care Excellence Diabetes in pregnancy: management from preconception to 

the postnatal period 

United 

Kingdom 

2015 

PTGIN[292] Polish Society of Gynecologists and Obstetricians Standards of Polish Society of Gynecologists and 

Obstetricians in management of women with diabetes 

Poland 2018 

QLD Health[293] Queensland Health Queensland Clinical Guideline: Gestational diabetes 

mellitus Guideline 

Queensland 2015 

RACGP/DA[296] Royal Australian College of General Practitioners, 

Diabetes Australia 

General practice management of type 2 diabetes Australia 2016 

SEMSDA[297] Society for Endocrinology, Metabolism and 

Diabetes of South Africa 

SEMDSA 2017 Guidelines for the Management of Type 2 

diabetes mellitus 

South Africa 2017 

SIGN[60] Scottish Intercollegiate Guidelines Network Management of diabetes: A national clinical guideline Scotland 2010/2017 

[273]Academy of Nutrition and Dietetics, [274]American Association of Clinical Endocrinologists/American College of Endocrinology, [294]American College of Obstetricians 

and Gynaecologists, [95]American Diabetes Association, [276]Ceylon College of Physicians/Sri Lanka College of Endocrinologists, [275]Diabetes Canada, [280]German 

Diabetes Association/German Gynaecology and Obstetrics Association, [277]Diabete Italia/Associazione Medici Diabetologi/Societa` Italiana di Diabetologia), [278]Diabetes In 

Pregnancy Study Group India, [279]Diabetes UK, [86]The Endocrine Society, [284]International Federation of Gynecology and Obstetrics, [295]Hong Kong College of 

Obstetricians and Gynaecologists, [281]Health Service Executive, [283]International Diabetes Federation, [282]Indonesian Society of Endocrinology, [285]Japan Diabetes 

Society, [286]Latin American Experts Group, [288]Ministry of Health Malaysia, [3]Ministry of Health New Zealand, [289]Ministry of Health Singapore, [291]Ministry of Health Sri 

Lanka, [298]Ministry of Health United Arab Emirates, [287]Ministry of Health & Family Welfare India, [290]Ministry of Public Health Qatar, [59]National Institute for Health and 

Care Excellence, [292]Polish Society of Gynecologists and Obstetricians, [293]Queensland Health, [296]Royal Australian College of General Practitioners/Diabetes Australia, 

[297]Society for Endocrinology, Metabolism and Diabetes of South Africa, [60]Scottish Intercollegiate Guidelines Network
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Appendix D. Average guideline quality scores using the AGREE II tool 

This table was part of the published systematic review in Chapter 2, reported as supplementary 

material, and presents further information on the quality of the eligible CPGs included using the 

AGREE II tool (Table 6.8). 



 

 
pg. 129 

Table 6.8. Average clinical practice guideline quality scores using the AGREE II tool. 

CPG 

Domains (%) 
Overall 

assessment 

Guideline 

quality 
Scope and 

Purpose 

Stakeholder 

Involvement 

Rigor of 

Development 

Clarity of 

Presentation 

Applicability Editorial 

Independence 

Overall 

scores 

A.N.D [273] 94 58 79 89 50 92 83 Yes, modifya Moderate 

AACE/ACE [274]  89 44 49 89 65 33 67 No Low 

ACOG [294] 94 25 56 94 44 0 50 No Low 

ADA [95] 78 75 71 100 90 75 75 Yes High 

CCP/SCLE [276] 47 47 8 78 40 0 25 No Low 

CDA [275] 72 83 77 89 65 58 75 Yes, modify Moderate 

DDG/DGGG [280] 100 56 78 86 52 75 67 Yes, modify Moderate 

DI/AMD/SID [277] 75 67 59 81 60 17 50 No Low 

DIPSI [278] 17 25 6 61 23 25 17 No Low 

DUK [279] 72 72 68 100 67 0 75 No Low 

ENDO [86] 72 58 56 100 35 58 67 No Low 

FIGO [284] 75 53 42 83 75 67 58 No Low 

HKCOG [295] 33 36 13 75 27 0 8 No Low 

HSE [281] 72 64 63 83 52 25 58 No Low   

IDF [283] 69 25 27 100 38 50 33 No Low 

ISE [282] 69 28 23 72 25 88 42 No Low 

JDS [285] 97 42 60 75 40 21 58 No Low 

LAEG [286] 61 58 7 64 42 29 25 No Low 

MOH MY [288] 100 67 92 100 75 58 83 Yes, modify Moderate 

MOH NZ [3] 100 86 82 97 96 75 83 Yes High 

MOH SG [289] 64 69 42 97 42 0 50 No Low 

MOH SL [291] 64 11 2 81 33 0 17 No Low 

MOH UAE [298] 72 44 7 67 35 0 17 No Low 

MOHFW IN [287] 69 33 5 61 44 0 33 No Low 

MOPH QA [290] 100 53 63 100 31 58 58 No Low 

NICE [59] 100 94 96 86 88 79 83 Yes High 

PTGIN [292] 69 22 11 67 25 0 17 No Low 

QLD Health [293] 97 78 76 94 56 75 75 Yes, modify Moderate 

RACGP/DA [296] 61 39 39 100 83 54 50 No Low 

SEMSDA [297] 72 61 52 81 56 71 58 Yes, modify Moderate 

SIGN [60] 100 97 89 100 85 63 92 Yes, modify Moderate 

[273]Academy of Nutrition and Dietetics, [274]American Association of Clinical Endocrinologists/American College of Endocrinology, [294]American College of Obstetricians 
and Gynaecologists, [95]American Diabetes Association, [276]Ceylon College of Physicians/Sri Lanka College of Endocrinologists, [275]Diabetes Canada, [280]German 
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Diabetes Association/German Gynaecology and Obstetrics Association, [277]Diabete Italia/Associazione Medici Diabetologi/Societa` Italiana di Diabetologia), [278]Diabetes In 
Pregnancy Study Group India, [279]Diabetes UK, [86]The Endocrine Society, [284]International Federation of Gynecology and Obstetrics, [295]Hong Kong College of 
Obstetricians and Gynaecologists, [281]Health Service Executive, [283]International Diabetes Federation, [282]Indonesian Society of Endocrinology, [285]Japan Diabetes 
Society, [286]Latin American Experts Group, [288]Ministry of Health Malaysia, [3]Ministry of Health New Zealand, [289]Ministry of Health Singapore, [291]Ministry of Health Sri 
Lanka, [298]Ministry of Health United Arab Emirates, [287]Ministry of Health & Family Welfare India, [290]Ministry of Public Health Qatar, [59]National Institute for Health and 
Care Excellence, [292]Polish Society of Gynecologists and Obstetricians, [293]Queensland Health, [296]Royal Australian College of General Practitioners/Diabetes Australia, 
[297]Society for Endocrinology, Metabolism and Diabetes of South Africa, [60]Scottish Intercollegiate Guidelines Network; aYes, with modifications
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Appendix E. Characteristics of the evidence-base 

This table was part of the published systematic review in Chapter 2, reported as supplementary 

material, and presents further information on details of the evidence-base behind the formulation of 

the dietary recommendations (Table 6.9).
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Table 6.9. Characteristics of the evidence-base behind dietary recommendations by the strength of recommendation and dietary topic. 

Strength of 

recommendation 

Link to source Quality of evidence Source of evidence 

Clear Not clear  High  Moderate  Low  Very low Research  Consensus Expert 

opinion  

Unknown Total 

studies 

Total 

participants 

First-line therapy              

Strongly for 17 (60.7) 11 (39.3) 11 (39.3) 3 (10.7) 3 (10.7) 11 (39.3) 19 (67.9) 3 (10.7) 0 (0.0) 6 (21.4) 119 37,405 

Weakly for 4 (80.0) 1 (20.0) 1 (20.0) 1 (20.0) 1 (20.0) 2 (40.0) 3 (60.0) 1 (20.0) 0 (0.0) 1 (20.0) 3 11,884 

Health professional providing MNT        

Strongly for 9 (40.9) 13 (59.1) 5 (22.7) 2 (9.1) 4 (18.2) 11 (50.0) 12 (54.5) 3 (13.6) 1 (4.5) 6 (27.3) 30 204,234 

Weakly for 9 (64.3) 5 (35.7) 0 (0) 1 (7.1) 2 (14.3) 11 (78.6) 5 (35.7) 3 (21.4) 3 (21.4) 3 (21.4) 5 10,898 

Supplementation              

Strongly for 4 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (25.0) 3 (75.0) 1 (25.0) 3 (75.0) 0 (0.0) 0 (0.0) 1 0 

Weakly for 4 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (25.0) 3 (75.0) 1 (25.0) 3 (75.0) 0 (0.0) 0 (0.0) 1 0 

Gestational weight gain         

Strongly for 8 (50.0) 8 (50.0) 0 (0.0) 6 (37.5) 0 (0.0) 10 (62.5) 7 (43.8) 2 (12.5) 3 (18.8) 4 (25.0) 8 0 

Weakly for 7 (77.8) 2 (22.2) 0 (0.0) 6 (66.7) 1 (11.1) 2 (22.2) 6 (66.7) 1 (11.1) 1 (11.1) 1 (11.1) 7 1,568 

Follow-up during pregnancy        

Strongly for 5 (33.3) 10 (66.7) 0 (0.0) 3 (20.0) 4 (26.7) 8 (53.3) 7 (46.7) 3 (20.0) 0 (0.0) 5 (33.3) 20 17,947 

Weakly for 8 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (12.5) 7 (87.5) 1 (12.5) 5 (62.5) 2 (25.0) 0 (0.0) 2 15,522 

Follow-up after birth 

Strongly for 11 (55.0) 9 (45.0) 9 (45.0) 2 (10.0) 1 (5.0) 8 (40.0) 14 (70.0) 1 (5.0) 2 (10.0) 3 (15.0) 53 2,112,395 

Weakly for 8 (80.0) 2 (20.0) 1 (10.0) 3 (30.0) 1 (10.0) 5 (50.0) 5 (50.0) 2 (20.0) 2 (20.0) 1 (10.0) 10 25,147 

Energy intake             

Strongly for 13 (43.3) 17 (56.7) 3 (10.0) 5 (16.7) 7 (23.3) 15 (50.0) 15 (50.0) 2 (6.7) 2 (6.7) 11 (36.7) 31 698,753 

Weakly for 10 (76.9) 3 (23.1) 0 (0.0) 0 (0.0) 5 (38.5) 8 (61.5) 5 (38.5) 5 (38.5)  1 (7.7) 2 (15.4) 15 1,850 

Carbohydrate intake 

Strongly for 24 (61.5) 15 (38.5) 10 (25.6) 10 (25.6) 7 (17.9) 12 (30.8) 26 (66.7) 1 (2.6) 1 (2.6) 11 (28.2) 70 209,110 

Weakly for 15 (75.0) 5 (25.0) 0 (0.0) 3 (15.0) 4 (20.0) 13 (65.0) 11 (55.0) 3 (15.0) 2 (10.0) 4 (20.0) 32 5,077 

Protein intake 

Strongly for 7 (58.3) 5 (41.7) 2 (16.7) 1 (8.3) 0 (0.0) 9 (75.0) 3 (25.0) 1 (8.3) 2 (16.7) 6 (50.0) 7 21,824 

Weakly for 7 (87.5) 1 (12.5) 0 (0.0) 0 (0.0) 2 (25.0) 6 (75.0) 3 (37.5) 1 (12.5) 2 (25.0) 2 (25.0) 7 1,172 

Fat intake             

Strongly for 7 (53.8) 6 (46.2) 2 (15.4) 2 (15.4) 0 (0.0) 9 (69.2) 5 (38.5) 0 (0.0) 1 (7.7) 7 (53.8) 10 2,626 

Weakly for 7 (87.5) 1 (12.5) 0 (0.0) 0 (0.0) 2 (25.0) 6 (75.0) 3 (37.5) 2 (25.0) 1 (12.5) 2 (25.0) 7 1,172 

Dietary restriction             

Strongly for 3 (37.5) 5 (62.5) 1 (12.5) 2 (25.0) 2 (25.0) 3 (37.5) 4 (50.0) 0 (0.0) 0 (0.0) 4 (50.0) 12 207,060 
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Weakly for 4 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 4 (100.0) 1 (25.0) 3 (75.0)  0 (0.0) 0 (0.0) 2 0 

Distribution of meals 

Strongly for 7 (26.9) 19 (73.1) 3 (11.5) 3 (11.5) 3 (11.5) 17 (65.4) 10 (38.5) 0 (0.0) 0 (0.0) 16 (61.5) 25 192,715 

Weakly for 9 (75.0) 3 (25.0) 2 (16.7) 0 (0.0) 2 (16.7) 8 (66.7) 5 (41.7) 2 (16.7) 2 (16.7) 3 (25.0) 9 6,280 

Numbers are n (%). Abbreviations: MNT=Medical Nutrition Therapy.
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Appendix F. Association of dietary adherence to food-related 

recommendations on maternal health outcomes 

This table was part of the submitted manuscript of the cohort study in Chapter 4 as supplementary 

material, and presents detailed information on the association of dietary adherence to food-related 

recommendations on maternal health outcomes (Table 6.10).
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Table 6.10. Association of maternal dietary adherence to the food-related recommendations on maternal health outcomes.  

Maternal health outcomes Dietary adherence1 

Low (T1)2 Moderate (T2)  High (T3)  

N (%) N (%) P  OR 95% L 95% U N (%) P OR 95% L 95% U 

Pre-eclampsia 4 (3.8) 5 (4.8) 0.75 1.25 0.33 4.79 6 (5.8) 0.52 1.53 0.42 5.59 

No pre-eclampsia 100 (96.2) 100 (95.2) 0.75 0.80 0.21 3.07 98 (94.2) 0.52 0.65 0.18 2.39 

Maternal hypoglycaemia 1 (1.0) 4 (3.8) 0.21 4.08 0.45 37.13 1 (1.0) 1.00 1.00 0.06 16.20 

No maternal hypoglycaemia 103 (99.0) 101 (96.2) 0.21 0.25 0.03 2.23 103 (99.0) 1.00 1.00 0.06 16.20 

Pharmacological use             

Diet alone 25 (24.0) 32 (30.5) 0.30 1.39 0.75 2.56 38 (36.5) 0.05 1.82 1.00 3.32 

Use of either oral hypoglycaemics 

or/and insulin 

79 (76.0) 73 (69.5) 0.30 0.72 0.39 1.33 66 (63.5) 0.05 0.55 0.30 1.00 

Use of oral hypoglycaemics 

only 

32 (40.5) 32 (43.8) 0.96 0.99 0.55 1.78 30 (45.5) 0.76 0.91 0.50 1.65 

Use of insulin only 16 (20.3) 17 (23.3) 0.87 1.06 0.51 2.24 12 (18.2) 0.42 0.72 0.32 1.60 

Use of oral hypoglycaemics 

and insulin 

31 (39.2) 24 (32.9) 0.26 0.70 0.38 1.30 24 (36.4) 0.27 0.71 0.38 1.31 

Onset of labour            

No labour 22 (21.2) 17 (16.2) 0.36 0.72 0.36 1.45 19 (18.3) 0.60 0.83 0.42 1.65 

Labour 82 (78.8) 88 (83.8) 0.36 1.39 0.69 2.80 85 (81.7) 0.60 1.20 0.61 2.38 

Spontaneous labour 26 (31.7) 21 (23.9) 0.39 0.75 0.39 1.44 36 (42.4) 0.13 1.59 0.87 2.89 

Induced labour 56 (68.3) 67 (76.1) 0.14 1.51 0.87 2.63 49 (57.6) 0.33 0.76 0.44 1.32 

Caesarean section            

No caesarean section 62 (59.6) 64 (61.0) 0.84 1.06 0.61 1.84 66 (63.5) 0.57 1.18 0.67 2.06 

Caesarean section 42 (40.4) 41 (39.0) 0.84 0.95 0.54 1.65 38 (36.5) 0.57 0.85 0.49 1.49 

Elective caesarean section 17 (40.5) 15 (36.6) 0.68 0.85 0.40 1.81 18 (47.4) 0.85 1.07 0.52 2.22 

Emergency caesarean 

section 

25 (59.5) 26 (63.4) 0.90 1.04 0.55 1.96 20 (52.6) 0.40 0.75 0.39 1.46 

Postpartum haemorrhage 28 (27.2) 25 (24.5) 0.66 0.87 0.47 1.63 18 (18.0) 0.12 0.59 0.30 1.15 

No postpartum haemorrhage 75 (72.8) 77 (75.5) 0.66 1.15 0.62 2.15 82 (82.0) 0.12 1.70 0.87 3.32 

Feeding at hospital discharge            

Breastmilk without formula  73 (70.2) 72 (68.6) 0.80 0.93 0.51 1.67 82 (78.8) 0.15 1.58 0.84 2.98 

Formula without breastmilk 8 (7.7) 5 (4.8) 0.39 0.60 0.19 1.90 3 (2.9) 0.14 0.36 0.09 1.38 

Both formula and breastmilk 23 (22.1) 28 (26.7) 0.44 1.28 0.68 2.41 19 (18.3) 0.49 0.79 0.40 1.55 

Figures are numbers (%). 1Tertiles: T1, dietary score 0 to 5.6. T2, dietary score >5.6 to 6.7. T3, dietary score >6.7 to 10. 2Low adherence (T1) is reference group. 
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Appendix G. Association of dietary adherence to food-related 

recommendations on infant health outcomes 

This table was part of the submitted manuscript of the cohort study in Chapter 4 as supplementary 

material, and presents detailed information on the association of dietary adherence to food-related 

recommendations on infant health outcomes (Table 6.11).
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Table 6.11. Association of maternal dietary adherence to the food-related recommendations on infant health outcomes. 

Infant health outcomes Dietary adherence2 

Low (T1)3 Moderate (T2)  High (T3)  

N (%) N (%) P OR 95% L 95% U N (%) P OR 95% L 95% U 

Shoulder dystocia  1 (1.0) 1 (1.0) 1.00 0.99 0.06 16.05 2 (1.9) 0.57 2.02 0.18 22.62 

No shoulder dystocia 103 (99.0) 103 (99.0) 1.00 1.01 0.06 16.36 102 (98.1) 0.57 0.50 0.04 5.55 

Birthweight in grams1 3227.6 

(493.1) 

3385.5 

(475.0) 

0.02 Mean 

difference: 

157.95 

25.91 290.00 3322.6 

(494.7) 

0.17 Mean 

difference: 

95.02 

-40.01 230.05 

Gestational age at birth <37 

weeks 

9 (8.7) 4 (3.8) 0.16 0.42 0.13 1.40 9 (8.7) 1.00 1.00 0.38 2.63 

Gestational age at birth ≥37 

weeks 

95 (91.3) 101 (96.2) 0.16 2.39 0.71 8.03 95 (91.3) 1.00 1.00 0.38 2.63 

SGA  9 (8.7) 3 (2.9) 0.09 0.31 0.08 1.18 10 (9.6) 0.81 1.12 0.44 2.89 

AGA 85 (81.7) 91 (86.7) 0.33 1.45 0.69 3.08 82 (78.8) 0.60 0.83 0.42 1.65 

LGA 10 (9.6) 11 (10.5) 0.84 1.10 0.45 2.71 12 (11.5) 0.65 1.23 0.51 2.98 

Neonatal hypoglycaemia 33 (31.7) 32 (30.5) 0.85 0.94 0.53 1.69 26 (25.0) 0.28 0.72 0.39 1.32 

No neonatal hypoglycaemia 71 (68.3) 73 (69.5) 0.85 1.06 0.59 1.91 78 (75.0) 0.28 1.39 0.76 2.56 

Hyperbilirubinaemia  3 (2.9) 2 (1.9) 0.65 0.65 0.11 4.00 6 (5.8) 0.32 2.06 0.50 8.47 

No hyperbilirubinaemia  101 (97.1) 103 (98.1) 0.65 1.53 0.25 9.35 98 (94.2) 0.32 0.49 0.12 1.99 

Any respiratory support after birth 4 (3.8) 3 (2.9) 0.69 0.74 0.16 3.37 7 (6.7) 0.36 1.80 0.51 6.36 

No use of respiratory support 

after birth 

100 (96.2) 102 (97.1) 0.69 1.36 0.30 6.23 97 (93.3) 0.36 0.55 0.16 1.95 

Figures are numbers (%) or 1mean (standard deviation). 2Tertiles: T1, dietary score 0 to 5.6. T2, dietary score >5.6 to 6.7. T3, dietary score >6.7 to 10. 3Low adherence (T1) is 
reference group. SGA: small-for-gestational-age; AGA: appropriate-for-gestational-age; LGA: large-for-gestational-age 
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Appendix H. Association of dietary adherence to non-food-related 

recommendations on maternal health outcomes 

This table was part of the submitted manuscript of the cohort study in Chapter 4 as supplementary 

material, and presents detailed information on the association of dietary adherence to the visiting a 

dietitian and gestational weight gain recommendations on maternal health outcomes (Table 6.12).
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Table 6.12. Association of maternal dietary adherence to the non-food-related recommendations on maternal health outcomes. 

Maternal health 
outcomes 

Adherence to non-food-related recommendations 

Visited a dietitian Gestational weight gain 
Yes  No1 Below recommended  Recommended2 Above recommended 

N (%) P OR, 95% CI N (%) N (%) P OR, 95% CI N (%) N (%) P OR, 95% CI 

Pre-eclampsia 11 (4.1) 0.16 0.43, 0.13-1.40 4 (9.1) 8 (7.3) 0.25 2.22, 0.57-
8.64 

3 (3.4) 4 (3.5) 0.98 1.02, 0.22-4.68 

No pre-eclampsia 258 (95.9) 0.16 2.35, 0.71-7.72 40 (90.9) 102 
(92.7) 

0.25 0.45, 0.12-
1.75 

85 (96.6) 111 
(96.5) 

0.98 0.98, 0.21-4.49 

Maternal hypoglycaemia 5 (1.9) 0.85 0.81, 0.09-7.14 1 (2.3) 4 (3.6) NC NC 0 (0.0) 2 (1.7) NC NC 
No maternal 
hypoglycaemia 

264 (98.1) 0.85 1.23, 0.14-
10.77 

43 (97.7) 106 
(96.4) 

NC NC 88 (100.0) 113 
(98.3) 

NC NC 

Pharmacological use             
Diet alone 77 (28.6) 0.10 0.58, 0.30-1.12 18 (40.9) 35 (31.8) 0.61 0.86, 0.47-

1.55 
31 (35.2) 29 (25.2) 0.12 0.62, 0.34-1.14 

Use of either oral 
hypoglycaemics or/and 
insulin 

192 (71.4) 0.10 1.73, 0.90-3.33 26 (59.1) 75 (68.2) 0.61 1.17, 0.64-
2.11 

57 (64.8) 86 (74.8) 0.12 1.61, 0.88-2.96 

Use of oral 
hypoglycaemics only 

80 (41.7) 0.78 0.91, 0.46-1.80 14 (53.8) 33 (44.0) 0.78 0.92, 0.50-
1.68 

28 (49.1) 33 (38.4) 0.63 0.86, 0.47-1.58 

Use of insulin only 38 (19.8) 0.76 0.87, 0.36-2.09 7 (26.9) 14 (18.7) 0.40 0.71, 0.32-
1.56 

15 (26.3) 16 (18.6) 0.54 0.79, 0.37-1.69 

Use of oral 
hypoglycaemics and 
insulin 

74 (38.5) 0.03 2.96, 1.12-7.80 5 (19.3) 28 (37.3) 0.11 1.81, 0.88-
3.69 

14 (24.6) 37 (43.0) 0.01 2.51, 1.26-5.01 

Onset of labour            
No labour 52 (19.3) 0.37 1.52, 0.61-3.78 6 (13.6) 17 (15.5) 0.61 0.82, 0.39-

1.74 
16 (18.2) 25 (21.7) 0.53 1.25, 0.62-2.52 

Labour 217 (80.7) 0.37 0.66, 0.27-1.64 38 (86.4) 93 (84.5) 0.61 1.22, 0.58-
2.57 

72 (81.8) 90 (78.3) 0.53 0.80, 0.40-1.61 

Spontaneous labour 70 (32.3) 0.62 0.84, 0.42-1.69 13 (34.2) 29 (31.2) 0.62 0.85, 0.46-
1.59 

26 (36.1) 28 (31.1) 0.41 0.77, 0.41-1.43 

Induced labour 147 (67.7) 0.79 0.92, 0.48-1.74 25 (65.8) 64 (68.8) 0.41 1.27, 0.72-
2.23 

46 (63.9) 62 (68.9) 0.82 1.07, 0.61-1.86 

Caesarean section            
No caesarean section 162 (60.2) 0.32 0.71, 0.36-1.39 30 (68.2) 74 (67.3) 0.24 1.42, 0.80-

2.55 
52 (59.1) 66 (57.4) 0.81 0.93, 0.53-1.64 

Caesarean section 107 (39.8) 0.32 1.42, 0.72-2.79 14 (31.8) 36 (32.7) 0.24 0.70, 0.39-
1.26 

36 (40.9) 49 (42.6) 0.81 1.07, 0.61-1.88 

Elective caesarean 
section 

45 (42.1) 0.37 1.57, 0.59-4.19 5 (35.7) 15 (41.7) 0.51 0.77, 0.35-
1.67 

15 (41.7) 20 (40.8) 0.95 1.03, 0.49-2.14 
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Emergency 
caesarean section 

62 (57.9) 0.70 1.17, 0.53-2.56 9 (64.3) 21 (58.3) 0.42 0.75, 0.30-
1.49 

21 (58.3) 29 (59.2) 0.82 1.08, 0.56-2.05 

Postpartum 
haemorrhage 

65 (24.9) 0.11 2.10, 0.85-5.20 6 (13.6) 17 (15.9) 0.03 0.45, 0.23-
0.91 

25 (29.4) 29 (25.7) 0.56 0.83, 0.44-1.55 

No postpartum 
haemorrhage 

196 (75.1) 0.11 0.48, 0.19-1.18 38 (86.4) 90 (84.1) 0.03 2.21, 1.10-
4.43 

60 (70.6) 84 (74.3) 0.56 1.21, 0.64-2.26 

Feeding at hospital 
discharge 

           

Formula without 
breastmilk 

196 (72.9) 0.44 1.54, 0.52-4.58 31 (70.5) 4 (3.6) 0.93 1.07, 0.23-
4.91 

3 (3.4) 9 (7.8) 0.20 2.41, 0.63-9.16 

Breastmilk without 
formula  

13 (4.8) 0.06 0.58, 0.33-1.03 3 (6.8) 87 (79.1) 0.04 1.96, 1.04-
3.70 

58 (65.9) 82 (71.3) 0.41 1.29, 0.71-2.34 

Both formula and 
breastmilk 

60 (22.3) 0.11 1.63, 0.89-2.97 10 (22.7) 19 (17.3) 0.03 0.47, 0.24-
0.92 

27 (30.7) 24 (20.9) 0.11 0.60, 0.32-1.13 

Figures are numbers (%). 1No visit to the dietitian is the reference group. 2Achieving recommended weight gain is the reference group. NC: not calculable. 
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Appendix I. Association of dietary adherence to non-food-related 

recommendations on infant health outcomes 

This table was part of the submitted manuscript of the cohort study in Chapter 4 as supplementary 

material, and presents detailed information on the association of dietary adherence to the visiting a 

dietitian and gestational weight gain recommendations on infant health outcomes (Table 6.13).
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Table 6.13. Association of maternal dietary adherence to the non-food-related recommendations on infant health outcomes. 

Infant health 

outcomes 

Adherence to non-food-related recommendations 

Visited a dietitian Gestational weight gain 

Yes No2 Below recommended  Recommended3 Above recommended 

N (%) P OR, 95% CI N (%) N (%) P OR, 95% CI N (%) N (%) P OR, 95% CI 

Shoulder dystocia  4 (1.5) NC NC 0 (0.0) 0 (0.0) NC NC 2 (50.0) 2 (50.0) 0.79 0.76, 0.11-5.51 

No shoulder dystocia 265 

(98.5) 

NC NC 44 

(100.0) 

110 

(100.0) 

NC NC 86 (97.7) 113 (98.3)   

Birthweight in grams1 3293.2 

(479.4) 

0.09 Mean 

difference:  

-134.44, CI: -

290.90, 22.01 

3427.7 

(543.0) 

3211.6 

(469.6) 

0.41 Mean 

difference:  

-56.00, CI: -

77.75-189.75 

3267.6 (479.8) 3442.40 

(493.2) 

0.01 Mean difference:  

174.84, CI: 38.71-

310.97 

Gestational age at birth 

<37 weeks 

16 (5.9) 0.07 0.40, 0.15-1.09 6 (13.6) 6 (5.5) 0.48 0.67, 0.22-2.06 7 (8.0) 9 (7.8) 0.97 0.98, 0.35-2.75 

Gestational age at birth 

≥37 weeks 

253 

(94.1) 

0.07 2.50, 0.92-6.78 38 

(86.4) 

104 

(94.5) 

0.48 1.50, 0.49-4.63 81 (92.0) 106 (92.2) 0.97 1.02, 0.36-2.85 

SGA  19 (7.1) 0.95 1.04, 0.29-3.67 3 (6.8) 11 

(10.0) 

0.83 1.11, 0.43-2.89 8 (9.1) 3 (2.6) 0.06 0.27, 0.07-1.04 

AGA 227 

(84.4) 

0.03 2.27, 1.10-4.69 31 

(70.5) 

90 

(81.8) 

0.67 0.85, 0.40-1.80 74 (84.1) 94 (81.7) 0.66 0.85, 0.40-1.78 

LGA 23 (8.6) 0.01 0.32, 0.14-0.73 10 

(22.7) 

9 (8.2) 0.72 1.22, 0.42-3.56 6 (6.8) 18 (15.7) 0.06 2.54, 0.96-6.69 

Neonatal 

hypoglycaemia 

83 

(30.9) 

0.09 2.01, 0.90-4.51 8 (18.2) 27 

(24.5) 

0.26 0.70, 0.37-1.30 28 (31.8) 36 (31.3) 0.94 0.98, 0.54-1.77 

No neonatal 

hypoglycaemia 

186 

(69.1) 

0.09 0.50, 0.22-1.12 36 

(81.8) 

83 

(75.5) 

0.26 1.44, 0.77-2.68 60 (68.2) 79 (68.7) 0.94 1.02, 0.56-1.86 

Hyperbilirubinaemia  7 (2.6) 0.04 0.27, 0.08-0.95 4 (9.1) 3 (2.7) 0.84 1.21, 0.20-7.38 2 (2.3) 6 (5.2) 0.30 2.37, 0.47-12.02 

No hyperbilirubinaemia  262 

(97.4) 

0.04 3.74, 1.05-

13.36 

40 

(90.9) 

107 

(97.3) 

0.84 0.83, 0.14-5.08 86 (97.7) 109 (94.8) 0.30 0.42, 0.08-2.15 

Any respiratory support 

after birth 

11 (4.1) 0.42 0.58, 0.16-2.18 3 (6.8) 3 (2.7) 0.50 0.59, 0.13-2.70 4 (4.5) 7 (6.1) 0.63 1.36, 0.39-4.80 

No use of respiratory 

support after birth 

258 

(95.9) 

0.42 1.72, 0.46-6.41 41 

(93.2) 

107 

(97.3) 

0.50 1.70, 0.37-7.80 84 (95.5) 108 (93.9) 0.63 0.74, 0.21-2.59 

Figures are numbers (%) or 1mean (standard deviation). 2No dietitian visit is the reference group. 3Achieving recommended weight gain is the reference group. NC: not 
calculable. SGA: small-for-gestational-age; AGA: appropriate-for-gestational-age; LGA: large-for-gestational-age
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