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1. Introduction & General Information 
1.1 Defining Gestational Diabetes 

Diabetes is a chronic disease that is estimated to affect 578 million people worldwide by 

2030 (International Diabetes Federation [IDF], 2019) and already has a significant economic 

impact around the world. Gestational diabetes mellitus (GDM), a sub-type of diabetes, is 

defined as a carbohydrate intolerance that is first detected during pregnancy (Mirghani Dirar 

& Doupis, 2017; World Health Organization [WHO], 1999) and comprises of abnormal 

glucose tolerance, or higher than normal blood glucose levels, that may or may not diminish 

following the birth of an infant. Given that gestational diabetes is multi-causal and increases 

the likelihood of adverse short-term and long-term health outcomes for mother and child, it 

is imperative to identify possible risks of developing GDM in order to encourage preventative 

strategies prior to or during pregnancy. 

 

Although GDM is asymptomatic, it is associated with serious perinatal complications for both 

the mother and the child, which can be minimized with detection and management of the 

hyperglycaemia (Meek et al., 2015; Stewart & Murphy, 2015). Mothers with GDM are at risk 

of a plethora of health issues throughout pregnancy, during birth, and postnatally. These 

risks include, but are not limited to, pre-eclampsia, gestational hypertension, delivery of an 

infant that is large for gestational age, unplanned caesarean section, maternal suffering from 

birth injuries (Crane, Wojtowycz, Dye, Aubry, & Artal, 1997; Kim & Ferrara, 2010; Xiong, 

Saunders, Wang, & Demianczuk, 2001), hydramnios, developing type 2 diabetes post 

pregnancy, and mortality (Bryson, Ioannou, Rulyak, & Critchlow, 2003; Kim & Ferrara, 2010). 

Although GDM is a diagnosis given to the mother, this does not limit the infant from risks 

before, during, and/or after birth. Infants born from a pregnancy with abnormal glucose 

thresholds are at a heightened risk for macrosomia, hypoglycemia, adult metabolic 

syndrome, type 2 diabetes, obesity later in life (Sobngwi et al., 2003; Xiong et al., 2001), and 

an increased risk of autism spectrum disorders (Xiang et al., 2015). These risks, along with 

current knowledge of risk factors, preventative strategies, screening strategies, and 

treatment approaches are expanded on below. 

 

1.2 Prevalence of Gestational Diabetes 

Estimates of GDM prevalence vary due to differences in screening threshold values between 

countries, as well as the differences of susceptibility between populations; however, no matter 

the testing strategy, GDM prevalence rates over the last decades continue to increase (Ferrara, 

2007; Lavery, Friedman, Keyes, Wright, & Ananth, 2017; Public Health Agency of Canada 

[PHAC], 2014). This rise is believed to be the result of the rise of obesity and type 2 diabetes, as 

well as the younger onset of these two risk factors (American College of Obstetricians and 

Gynaecologists [ACOG], 2017). Estimated incidence rates within Western countries are 

reportedly 5-7% of all pregnancies (Caissutti & Berghella, 2017; Piper, Stewart, & Murphy, 

2017) while others estimate that as high as 16% of all live births had some form of 

hyperglycaemia (i.e., high levels of blood glucose) in pregnancy, 84% of which were cases of 
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GDM (International Diabetes Federation, 2019). Similar to the rates in other Western countries, 

5.45% of Canadian births in 2010/2011 were afflicted with GMD, with the prevalence of GDM 

in Canada steadily increasing (PHAC, 2014). 

 

1.3 Economic Costs of Gestational Diabetes 

Treatment of GDM is costly to a national healthcare system (Chen et al., 2009). Although the 

current economic costs of gestational diabetes in Canada are not available, US projections 

suggest that GDM costs more than $1.8 billion dollars a year (Lenoir-Wijnkoop, van der Beek, 

Garssen, Nujiten, & Uauy, 2015). Lenoir-Wijnkoop and colleagues (2015) calculated that the 

short-term conservative costs per case of GDM are $7,803 USD more than a normal 

pregnancy/delivery. Therefore, it is assumed that a reduction in GDM pregnancies would result 

in fewer complications and decreased healthcare costs worldwide. However, these projections 

likely underestimate the true costs of GDM because they do not account for the long-term 

economic costs associated with the future health of infants who were delivered by a mother 

with GDM, as well as the impact of GDM pregnancies on future generations. 

 

2. Risk Factors 

There are a number of risk factors that are out of the control of the mother, which may increase 

the likelihood a woman developing GDM during her pregnancy. These risk factors include PCOS, 

ethnicity, genetics, age, fetal sex, and pre-existing diabetes. However, having one or more of the 

following risk factors does not guarantee a GDM diagnosis, but rather suggests a need for screening 

during pregnancy for at-risk mothers. Each of these risk factors will be expanded upon below. 
 

2.1 PCOS 

Gestational diabetes and polycystic ovary syndrome (PCOS) are the most common endocrine 

disorders in women of reproductive age (Mustaniemi et al., 2018) with an estimated 5-20% of 

reproductive-aged women being affected with PCOS globally (Azziz et al., 2016). Women with 

PCOS may struggle with infertility, obesity, and insulin resistance (Fauser et al., 2012), with 

insulin resistance accepted as one of the key biochemical features of PCOS (Glueck, 

Goldenberg, Sieve, & Wang, 2008). Due to their increased risk of insulin resistance (Kjerulff et 

al., 2011), it is well documented that PCOS is associated with an increased risk of GDM (Ashrafi 

et al., 2014; Lo et al., 2006; Palomba et al., 2015; Reyes-Munoz et al., 2012). This is because 

reduced insulin sensitivity during pregnancy predisposes a woman with PCOS to glucose 

intolerance, therefore increasing the risk of GDM (Lo et al., 2006). However, some studies 

propose that a high BMI may be a better predictor of GDM than PCOS (Kakoly, Earnest, Moran, 

Teede, & Joham, 2017). This uncertainty has created the need for further investigation within 

the field of reproductive health. To further complicate understanding the relationship between 

PCOS and GDM, Ashrafi et al. (2014) suggests that the field examine the relationship between 

infertility and infertility treatment and the development of GDM, rather than focusing on PCOS. 

Ashrafi supported this proposal by highlighting the increased risk of developing GDM for non-

PCOS patients who utilized assisted reproductive technologies (ART) as a means of conceiving. 
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Specifically, the incidence rate of GDM for those who used ART was significantly higher (23-

43%, dependent on intervention used) compared to the spontaneous pregnancy group (10%) 

(Ashraf et al., 2014). Along this line, Ashrafi and colleagues (2014) found the use of 

progesterone during pregnancy in women who were treated with ART increased the 

prevalence of GDM in non-PCOS women. These findings are important because many women 

with PCOS undergo infertility treatments as a means of conceiving. Therefore, the relationship 

found between PCOS and GDM may be confounded by the use of ART treatments. Overall, 

metabolic screening before conception or in the early stages of pregnancy may be beneficial 

for women with PCOS as a means of determining their risk of developing GDM during 

pregnancy (Ashrafi et al., 2017). 

 

2.2 Ethnicity 

Rates of GDM differ between ethnic/racial groups. In fact, one of the most reliable predictors 

of GDM is the mother’s ethnicity (Yuen & Wong, 2015). What’s more, women who have 

migrated from their countries of origin to a western society have a significantly higher rate of 

GDM than women of a foreign ethnicity who have lived in western countries all their lives  

(Savitz et al., 2008; Yuen & Wong, 2015). Although the reason for this is not clear, it is 

hypothesized that it could be related to changes in diet and lifestyle, as well as stress, although 

there may also be genetic and epigenetic causes (Hedderson, Darbinian, & Ferrara, 2010a). 

Women who have come to Canada from certain populations within Asia, the Pacific Islands, 

Africa, and Latin America are at a greater risk of developing GDM compared to women of 

European background (Yuen & Wong, 2015). Within these identified ethnic groups there are 

inter-group differences, for example GDM is more common in South Asian women (India, Sri 

Lanka) than South-East Asian (Vietnam, Cambodia) and East-Asian (Chinese, South Korean) 

(Yuen & Wong, 2015). It is important to point out that the diagnostic criteria used for GDM 

impact the prevalence rates among different ethnicities. For example, utilizing the WHO 

criteria adopted in 2013, prevalence rates decreased in women of Chinese ethnicity, whereas 

the same criteria increased the prevalence rates in women of Anglo-European ethnicity (Moses 

et al., 2011). Therefore, current blanket diagnostic criteria may not effectively detect GDM in 

all ethnic groups and suggests that screening and diagnostic criteria, should be individualized 

(Shah et al., 2011). 

 

Within Canada, the group most vulnerable to developing diabetes and GDM is First Nations 

women (Aljohani et al., 2008; Chamerlain et al., 2014; Dyck, Klomp, Tan, Turnell, & Boctor, 

2002; Dyck et al., 2010; Dyck et al., 2019). The prevalence of type 2 diabetes overall has been 

found to be four times higher in Canadian First Nations women than non-First Nations women 

(Dyck et al., 2010). Recently it was found that the rate of both diabetes and GDM has been 

increasing for both groups but has risen more steeply for First Nations women (Dyck et al., 

2019). Between 1980 and 2009, in Saskatchewan the rate of GDM rose from 1.0% to 6.6% 

among First Nations and from 0.4% to 3.6% among non-First Nations (Dyck et al., 2019). The 

incidence of diabetes in pregnancy, including both GDM and diabetes diagnosed prior to 

pregnancy, was found to be 2-3 times higher among First Nations women (Dyck et al., 2019).  
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Understanding the reasons for this disparity is complex. First Nations women have more risk 

factors for GDM, for example, higher blood sugar levels, higher rates of obesity, and higher 

waist circumferences (Oster & Toth, 2009). Therefore, it is likely that these factors, along with 

socio-economic factors, and lower prenatal care, contribute to the risk of developing GDM in 

First Nations women (Shen et al., 2015). It has also been suggested that the ongoing effects of 

colonization contribute to the higher rates of GDM for First Nations women by amplifying the 

impact of existing GDM risk factors (Dyck et al., 2019). A qualitative study by Oster, Mayan, and 

Toth (2014) in Alberta found that First Nations women interviewed experience cultural barriers 

to receiving care, such as a lack of a holistic approach to care, significant power imbalances 

within the patient–provider relationship, and a lack of understanding from health care 

providers. 

 

One factor that may serve to increase the risk, and prevalence, of GDM is diet. Based on a 

series of randomized control trials, it is recommended that women with GDM consume a diet 

rich in complex carbohydrates and fibre and low in simple sugar and saturated fats (Hernandez 

et al., 2013). Following these recommendations may be particularly difficult for Canadian First 

Nations women. Recent research suggests that pregnant women living in First Nations rural 

communities have less access to healthy diets and are less likely to take part in physical activity 

than non-First Nations women in urban communities (Back et al., 2012). If a mother’s diet 

cannot be suitably modified, another option for treatment is insulin therapy (Hernandez et al., 

2013), which again might be difficult to obtain in a rural setting in Canada.  

 
The qualitative study by Oster et al., (2014) identified factors that may allow First Nations 

women to take control of their health and manage their GDM. These factors include having a 

strong support system (family in particular), a sense of autonomy, and being aware of the 

challenges of pregnancy and diabetes in particular. It is possible that workshops aimed at 

improving these factors could hold promise in mitigating the impacts of the surging rates of 

GDM in First Nations women in Canada. 

 

2.3 Genetics 

Pregnancy includes an increase in adipose tissue and weight gain, specifically during the second 

and third trimester (Buchanan & Xiang, 2005), resulting in some insulin resistance. This increase 

in insulin resistance is typically not a problem in pregnant women with normal glucose control 

because their pancreas adjusts their insulin levels in response to resistance. However, women 

with GDM are believed to have a limited response to insulin secretion and, therefore, cannot 

compensate for the increase in insulin resistance (Buchanan & Xiang, 2005), a response that is 

similar to those found in adults with type 2 diabetes. Recognizing the similar characteristics 

between GDM and type 2 diabetes, researchers examined the relationship between the two 

types of diabetes and determined that a diabetic family history increases the risk of developing 

glucose intolerance during pregnancy (Kim, Liu, Valdez, & Beckles, 2009).  
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With this understanding, most screening criteria includes a family history of diabetes as an 

indicator of whether an oral glucose tolerance test is advisable. 

 

A recent meta-analysis found that GDM in women with a positive familial history of diabetes 

was 3.46 times greater than women without a familial history  ; however, having two parents 

affected with diabetes does not appear to increase the risk of developing GDM (Kim et al., 

2009). What is interesting is at least one study suggests that women with a mother affected by 

diabetes are at an increased risk of developing GDM compared to women with a father 

affected with the disease (Dabelea, 2007). However, this is not replicated in all studies (Kim et 

al., 2009). Furthermore, a woman with a sibling with a history of diabetes, rather than a parent, 

was at greater odds of developing GDM than those with just a parent (Kim et al., 2009). 

 

Due to the shared risk factors and similar pathophysiology of GDM and type 2 diabetes, experts 

have explored the possible association between a family history of type 2 diabetes and 

women’s susceptibility of developing GDM. Family history of diabetes is found to be a strong 

predictor of GDM (Wung & Lin, 2011). This may be because women with GDM are more likely 

to carry the susceptibility genes for type 2 diabetes (Wung & Lin, 2011). At least 20 susceptible 

genes of type 2 diabetes have been studied in women with GDM, with three genes presenting 

promise in predicting GDM development: the TCF7L2 gene, the KCNQ1 gene, and the CDKAL1 

gene (Wung & Lin, 2011). However, each gene appears to be associated with GDM in different 

populations. For example, the TCF7L2 gene is associated with women from Scandinavian, 

Korean, Danish, and Greek descent (Cho et al., 2009; Lauenborg et al., 2009; Pappa et al., 2011; 

Shaat et al., 2007), while the KCNQl gene increased the risk of GDM in women of Korean and 

Chinese descent (Kwak et al., 2010; Shin et al., 2010; Zhou et al., 2009) and CDKALl was related 

to GDM in women of Korean (Cho et al., 2009) and Danish descent (Lauenborg et al., 2009). To 

add confusion, carrying more than one of the other 17 genes may predispose women to 

develop GDM, while other genes may limit the risk of GDM through a synergistic effect. 

Therefore, the literature suggests that there is a genetic factor associated with the 

development of GDM (Wung & Lin, 2011); however, substantial work is needed before definite 

conclusions can be made. 

 

2.4 Age 

Gestational diabetes mellitus is consistently associated with older maternal age (Anna et al., 

2008; Dode & Santos, 2009; Kuo et al., 2017), where the risk of GDM increases incrementally 

beginning at 20 years of age and becomes an even greater risk among women older than 35 

years (Anna et al., 2008; Chen et al., 2009), though one study suggests that there is a significant 

increase in risk of developing GDM as early as 25 years old (Lao, Ho, Chan, & Leung, 2006). 

Women aged 35 years or older are two to four times more likely to develop GDM than women 

aged 18-34 (Ferrara et al., 2004; Jolly et al., 2000). PHAC reported that Canadian mothers 30 

years or older are more likely to be diagnosed with GDM, with rates increasing by 3% for every 

5-year increase in mother’s age (6.04% for 30-34 year olds, 9.14% for 35-39 year olds, 12.19% 

for 40-44 year olds, and 16.78% for 45-49 year olds). With the consistent association between 
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age and risk of GDM found within the literature, age appears to be one of the most reliable and 

strongest predictors for GDM (Teh et al., 2011). This is concerning, because the average age of 

childbirth is over 30 in Canada, with the average age at first birth in 2011 being 28.5 years 

(Statistics Canada, 2018). Therefore, pregnant women within Canada at or above the age of 25 

should be assessed for GDM in order to limit undetected GDM within the Canadian population. 

 

2.5 Fetal Sex 

There is recent speculation that the sex of a fetus may be associated with the development of 

GDM in pregnant women due to the effects fetal sex may have on maternal metabolism. This 

interest came from the substantial evidence that female fetuses are more insulin-resistant than 

male fetuses in utero (Ibanez et al., 2008; Shields et al., 2007). A mother’s metabolic health 

may be affected by the circulation of hormones between the mother and the fetus (Reis et al., 

2001) which may impact a mother’s maternal insulin sensitivity (Xiao, Zhao, Nuyt, Fraser, & 

Luo, 2014). A recent study found that women pregnant with a female fetus have higher insulin 

concentrations and lower glucose-to-insulin ratios than women pregnant with a male fetus 

(Xiao et al., 2014). Likewise, women who carry a male fetus are found to have higher blood 

glucose levels than their female fetus carrying counterparts (Retnakaran et al., 2015). This is 

because women pregnant with a male fetus are more likely to have lower -cell function (i.e., 

low production and secretion of insulin) during a pregnancy than women bearing a female 

fetus (Retnakaran et al., 2015). Therefore, women pregnant with a male fetus are at greater 

risk of developing GDM and may benefit from GDM screening; however, further investigation is 

warranted. 

 

2.6 Pre-existing Diabetes 

The term “pre-existing diabetes” refers to diabetes diagnosed prior to conceiving. Traditionally, 

diabetes mellitus has been placed into one of two categories: type 1 and type 2. Type 1 

diabetes is autoimmune in nature and is characterized by an inability to produce insulin and 

regulate blood sugar (Diabetes Canada, 2020). This deficit is thought to originate from the body 

attacking the pancreas, the source of insulin in the body (Katsarou et al., 2017). Roughly 10% of 

all diabetes mellitus cases are type 1, with the majority of cases developing in childhood or 

adolescence, although cases have been reported to develop in adulthood (Katsarou et al., 

2017). In contrast to type 1, type 2 diabetes is characterized by an inability to utilize the insulin 

produced by the body or not being able to produce sufficient amounts of insulin (Defronzo, 

2015). Over 90% of all diabetes cases are type 2 in nature, with the vast majority of cases 

developing in adulthood (Defrozo et al., 2015). Pregnant women with pre-existing diabetes are 

at a higher rate of complications during pregnancy compared to the general population. These 

complications include, but are not limited to, mortality, congenital malformations, 

hypertension, preterm delivery, large for gestational age infants, and caesarean delivery (Feig 

et al., 2014; Feig et al., 2006; MacIntosh et al., 2006), many of which are experienced by 

women who develop GDM. It is important to understand that GDM only occurs in women who 

do not already have type 1 or type 2 diabetes; therefore, women who have type 2 diabetes will 

not develop GDM as they already have diabetes before they were pregnant (Centers for 
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Disease Control and Prevention, 2019). Thus, women who have pre-existing diabetes do not 

need to be screened for GDM, but rather, followed by a healthcare provider to ensure that 

their pre-existing diabetes is being adequately managed throughout their pregnancy. 

 

3. Behavioural Risk Factors 
The current section discusses the role of behavioural risk factors associated with the development 

of GDM that are responsive to interventions. These factors include a mother’s weight before or 

during pregnancy, her nutritional choices, and her sleep patterns. Adjusting one’s lifestyle 

behaviours before or during pregnancy may decrease the chances of developing GDM or limit the 

effects GDM may have on a mother’s and/or her child’s short-term and long-term health. 

 

3.1 Sleep 

Sleep duration and quality are important risk factors for chronic disease in non-pregnant adults 

(Knutson, 2010; Morselli, Leproult, Balbo, & Spiegel, 2010; Mullington, Haack, Toth, Serrador, & 

Meier-Ewert, 2009). In general, women have been sleeping less over the past few decades. 

Pregnant women are vulnerable to sleep disturbances due to hormonal changes, physical 

discomfort, or anxiety (Hedman, Pohjasvaara, Tolonen, Suhonen-Malm, & Myllyla, 2002). Sleep 

patterns are prone to change throughout gestation, with mothers sleeping more during the 

first trimester, less in the second trimester, and napping frequently in first and third trimesters 

(Hedman et al., 2002; Lee, Zaffke, & McEnany, 2000), all of which affect total sleep exposure 

(Mindell & Jacobson, 2000). Although the exact mechanisms are yet to be determined, 

evidence suggests that insufficient sleep duration and poor sleep quality are associated with 

metabolic and neuroendocrine alterations that may impair glucose tolerance (Schmid, Jauch-

Chara, Hallschmid, & Schultes, 2009; Schmid et al., 2007; Spiegal, Knutson, Leproult, Tasali, & 

Van Cauter, 2005). Specifically, reduced and prolonged sleep duration are linked to impaired 

insulin sensitivity and glucose metabolism (Izci-Balserak & Pien, 2014; Reutrakul & Van Cauter, 

2014). In terms of GDM, short sleep duration and snoring (i.e., disturbed sleep) are associated 

with glucose intolerance and gestational diabetes (Facco, Grobman, Kramer, Ho, & Zee, 2010; 

Qiu, Enquobahrie, Frederick, Abetew, & Williams, 2010) and sleeping duration in the second 

trimester, rather than the first, is a significant indicator of risk of gestational diabetes (Cai et al., 

2017; Rawal, Hinkle, Zhu, Albert, Zhang, 2017). For women who sleep less than 7 hours each 

night (Rawal et al., 2017), the odds of developing GDM are approximately two-fold to those 

who sleep 8-9 hours (Facco, Grobman, et al., 2017). This is because shortened sleep durations 

are associated with worsened glucose control in women with gestational diabetes (Twedt et 

al., 2015). The mechanisms for the relationship between sleep and glucose tolerance during 

pregnancy include elevated oxidative stress, increased systemic inflammation, dysregulation of 

energy homeostasis, and chronic activation of the hypothalamic-pituitary-adrenal axis (Izci-

Balserak & Pien, 2014; Reutrakul & Van Cauter, 2014), as well as amniotic dysfunction, 

endothelial damage, and altered hormonal regulation of energy expenditure (Dempsey, 

Veasay, Morgan, & O’Donnell, 2010) all of which are associated with adverse pregnancy 

outcomes (Romero & Badr, 2014). In addition, Facco, Grobman, et al. (2017) found that late 
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sleep midpoint, or the clock time midpoint of sleep onset and offset of 5 a.m. or later, was 

associated with GDM. In short, both sleep duration and timing of sleep in the second trimester 

is associated with the development of GDM. 

 

Not only is the quantity of sleep a risk factor for women developing gestational diabetes, but so 

too may the quality of sleep a woman experiences throughout pregnancy. Fifteen to 25% of 

pregnant women report frequent snoring, a symptom of obstructive sleep apnea (Facco, 

Kramer, Ho, Zee, & Grobman, 2010; Pien, Fife, Pack, Nkwuo, & Schwab, 2005). However, 

literature regarding the association between sleep quality and the development of GDM is 

conflicting. The findings appear to be dependent on the method in which the data is collected. 

For example, self-report questionnaire-based studies report that poor sleep during pregnancy 

is associated with increased risk of GDM (Wang et al., 2016; Zhong et al., 2018), while studies 

that objectively measure sleep patterns in women do not observe an association when 

monitoring daily sleep of pregnant women for 7-days mid-pregnancy (Facco, Parker, et al., 

2017). Yet results from a meta-analysis examining 9,795 pregnant women’s sleep quality found 

that sleep-disordered breathing was a significant risk of GDM, with women with sleep 

disordered breathing having more than a threefold increased risk of GDM (Luque-Fernandez, 

Bain, Gelaye, Redline, & Williams, 2013). In a large sample study examining the prevalence of 

sleep disordered breathing in pregnant women, 3.6% of women experience disordered 

breathing in early pregnancy; an experience that increased to 8.3% of women in mid-pregnancy 

(Facco, Parker, et al., 2017). Again, women who reported sleep disordered breathing in early 

and mid-pregnancy were 2.79 times more likely to develop GDM than non-sleep disordered 

pregnant women (Facco, Parker, et al., 2017). Therefore, due to the simplicity of treating sleep 

disordered breathing, it is highly suggested that women address sleep disordered breathing, 

such as sleep apnea, with their healthcare provider. Education on healthy sleeping, screening 

for, and treating sleeping disorders during pregnancy may aid in controlling blood glucose 

levels in pregnant mothers with gestational diabetes (Twedt, Bradley, Deiseroth, Althouse, & 

Facco, 2015). 

 

3.2 Obesity and Weight Gain in Pregnancy 

Gestational diabetes and type 2 diabetes share many common risk factors including being 

overweight or obese. Being overweight and obese are defined as an excessive or abnormal fat 

accumulation that is likely to impair one’s health (Muller & Nirmala, 2018). In terms of 

complications during pregnancy, having a BMI of greater than 30 increases a mother’s risk of 

developing GDM, making it three times more likely than for a woman with a BMI of 25 or less 

(Chu et al., 2007), while excessive gestational weight gain that occurs in the first trimester can 

increase the risk of GDM by a factor of 1.4 (Brunner et al., 2015). Furthermore, Sommer et al. 

(2014) found that a 0.14 kg increase in abdominal fat per week during the second trimester 

increased the risk of a mother developing GDM by a factor of 1.31 (Sommer et al., 2014). This 

finding does not suggest that women should not gain weight throughout their pregnancy (see 

Table 1 for weight gain recommendations), but rather the finding suggests that women should 

limit the amount of rapid fat gain around their abdomen during the second trimester. 
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Therefore, in order to limit the prevalence of GDM in women, efforts have been made in 

healthcare practice to avoid excessive gestational weight gain that would lead to greater fat 

deposition and may impair insulin sensitivity (Hedderson, Gunderson, & Ferrara, 2010; Lewis, 

Carpentier, Adeli, & Giacca, 2002). 

Table 1. Recommended weight gain based on women’s pre-pregnancy BMI 

 Mean rate of weight gain  
in the 2nd and 3rd trimester 

Recommended total weight 
gain 

Pre-pregnancy BMI kg/week lb/week kg lb 

BMI < 18.5 0.5 1.0 12.5 – 18  28 – 40  

BMI 18.5-24.9 0.4 1.0 11.5 – 16  25 – 35  

BMI 25.0-29.9 0.3 0.6 7 – 11.5  15 – 25  

BMI > 30.0 0.2 0.5 5 – 9  11 – 20  

(Health Canada, 2014) 

 

Maternal weight has been identified as the strongest predictor of infant macrosomia and can 

have detrimental effects on a mother’s insulin resistance despite normal glucose tolerance 

(Jolly, Sebire, Harris, Regan, & Robinson, 2003). For every 2 kg of excessive weight gained 

during GDM management, there was a 32% greater likelihood of insulin increasing 

detrimentally (Barnes et al., 2020). Therefore, some experts suggest that obese women should 

not gain any additional weight during pregnancy (Sagedal et al., 2016), while others suggest a 

targeted weight plan for overweight and obese pregnant women (Bennett et al., 2018). This 

targeted weight plan generally includes a recommendation that women who were overweight 

or obese pre-pregnancy be restricted in their weight gain during pregnancy compared to 

women of a healthy weight pre-pregnancy (Institute of Medicine, 2009) due to their risk of 

developing GDM. With the inconsistencies found between experts, it may be best to consult a 

healthcare professional regarding best approaches to weight gain during pregnancy. 

 

Interestingly, interpregnancy weight change can also increase the risk of GDM in women who 

did not previously develop GDM in their first pregnancy. It is suggested that the effect of this 

weight change may depend on a woman’s pre-pregnant BMI of her first pregnancy (Villamor & 

Cnattingius, 2006). An observational study of 24,198 mothers and their first two pregnancies 

determined that the risk of GDM increased with increasing weight gain from first to second 

pregnancy, especially for women with a BMI less than 25 in their first pregnancy (Sorbye, 

Skjaerven, Klungsoyr, & Morken, 2017), a finding that was previously supported within the 

literature (Ehrlich et al., 2011). However, for women who were overweight and obese in their 

first pregnancy, an interpregnancy weight gain of three or more BMI units had an increased risk 

of GDM (Villamor & Cnattingius, 2006). Importantly, the highest risk of GDM was found in 

women who had the greatest weight gain between pregnancies (Bogaerts et al., 2013; Sorbye 

et al., 2017) compared to women who kept their weight stable between pregnancies (Sorbye et 

al., 2017). Therefore, efforts must be made to promote healthy weight gain during pregnancy 

for all women, rather than just for overweight and obese pregnant women. These efforts to 
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maintain a healthy weight should continue after pregnancy in order to decrease the chances of 

GDM in subsequent pregnancies. 

 

3.3 Nutrition 

Due to the relationship between obesity and the development of GDM, dietary treatment has 

long been recommended for women who develop GDM. Understanding the inverse 

relationship between several healthy diets and type 2 diabetes among non-pregnant adults 

(Fung, McCullough, van Dam, & Hu, 2007; Salas-Salvado et al., 2011), researchers have 

examined whether dietary factors (irrespective of BMI) before and during pregnancy are 

related to GDM risk. A large prospective study found that pre-pregnancy adherence to a 

healthy diet was associated with a significant decrease in GDM risk for pregnant women 

(Tobias et al., 2012). Studies examining the relationship between GDM and diet suggest that a 

high intake of red and processed meats, saturated fats, refined grains, sweets, high-fat dairy, 

and fried foods are associated with a significant elevated risk of developing GDM (Schoenaker, 

Mishra, Callaway, & Soedamah-Muthu, 2016; Zhang & Ning, 2011; Zhang, Liu, Solomon, & Hu, 

2006). Specifically, a high intake of animal protein, in particular red meat, is significantly 

associated with a greater risk of GDM, while a high intake of vegetable protein, specifically 

nuts, is significantly associated with a lower risk of GDM (Bao, Bowers, Tobias, Hu, & Zhang, 

2013); a similar finding was found in diets that are primarily fruit, green leafy vegetables, 

poultry, and fish (Zhang, Schulze, Solomon, & Hu, 2006). This relationship between a healthy 

diet pre-pregnancy and GDM risk may occur due to the micro and macro nutrients available in 

a healthy, well-balanced diet that prevent metabolic deterioration (Hamer & Chida, 2007). In 

addition, whole grains that are low in the glycemic index reduce the absorption of glucose and, 

therefore, insulin requirements (de Munter, Hu, Spiegelman, Franz, & van Damn, 2007), which, 

in pre-pregnancy, is associated with reduced risk for GDM (Zhang et al., 2006). These findings 

suggest that a pre-pregnancy diet rich in vegetable protein, high in fruit and vegetable intake, 

and including whole grains with a low glycaemic index may provide some protection from 

developing GDM. 

 

3.4 Vitamin D 

The majority of pregnant women are vitamin D deficient (Holmes et al., 2009); however, this is 

believed to be a reflection of a woman’s usual vitamin D status prior to pregnancy rather than a 

consequence of pregnancy (Alzaim & Wood, 2013). Though the mechanisms behind the 

interaction between vitamin D and GDM and not fully understood, there is growing interest in 

the documented association of vitamin D deficiency and impaired glucose metabolism (Alvarez 

& Ashraf, 2010; Pittas, Lau, Hu, & Dawson-Hughes, 2007). Several studies report an association 

between vitamin D deficiency and GDM (Alzaim & Wood, 2013; Poel et al., 2012). Poor vitamin 

D status is associated with poor blood glucose control (Clifton-Bligh, McElduff, & McElduff, 

2008; Farrant et al., 2009; Lau et al., 2011), and women with GDM are found to have lower 

vitamin D levels than pregnant women without GDM (Maghbooli et al., 2008). 
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While some studies suggest that there is no association between first trimester vitamin D levels 

and the subsequent development of GMD (Makgoba et al., 2011), much of the literature 

supports a relationship between vitamin D and GDM in at-risk pregnant women. For example, 

vitamin D deficiency in early pregnancy (approximately 16 weeks gestation) is found to elevate 

a mother’s risk for developing GDM between weeks 24 and 28 of gestation (Soheilykhah et al., 

2010; Zhang et al., 2008), with women who are overweight and vitamin D deficient having an 

even greater risk (6-fold) of developing GDM compared to lean women with adequate vitamin 

D status (Zhang et al., 2008). Along the same lines, Burris and colleagues (2014) found that 

second trimester vitamin D levels were inversely associated with glucose levels, which the 

authors suggested may be associated with increased risk of GDM. To support these findings, a 

meta-analysis and systematic review of vitamin D and gestational diabetes reported a 

significant inverse relationship between vitamin D and the incidence of GDM (Poel et al., 2012). 

Healthcare providers often discuss the need of vitamin D with expectant mothers during their 

first prenatal appointment. During this time, women are recommended to intake 200-400 

IU/day. However, previous findings suggest that 400 IU/day is not adequate to achieve normal 

vitamin D levels required by pregnant women (Cockburn et al., 1980), with studies 

supplementing 800-1600 IU vitamin D per day showing little to no effects on third trimester 

blood levels (Vieth, Chan, & MacFarlane, 2001). Therefore, due to the low likelihood of toxicity, 

experts suggest that pregnant women, regardless of their risk of developing GDM, supplement 

their diet with a daily dose of vitamin D ranging between 1000 and 2000 IU/day, while daily 

doses of 4000 IU/day is recommended for pregnant women who are vitamin D deficient 

(Mithal & Kalra, 2014). 

 

3.5 Iron 

Iron deficiency is common among pregnant women and women are often recommended to 

supplement iron as part of a healthy prenatal lifestyle (ACOG, 2008). Women are advised to 

consume 27 mg/day of iron due to its importance as an essential component for the 

production of hemoglobin for the mother and the fetus, which functions in the delivery of 

oxygen from the lungs to the tissue and buffers against blood loss during delivery (Wilson, 

Gummow, McAninch, Miotto, & Roberts, 2018). Evidence suggests that blood iron levels are 

associated with glucose metabolism. These associations are seen within non-pregnant adults 

where a deficiency in iron may disturb glucose metabolism and increase the risk for type 2 

diabetes (Hansen, Moen, & Mandrup-Poulsen, 2014; Montonen et al., 2012; Zhao et al., 2012). 

It is important to note, however, that the source of iron is a key factor in whether women are 

at higher or lower risk of developing GDM. Dietary intake of heme iron rich food (e.g., red 

meat) is associated with an increased risk of GDM (Bowers et al., 2011; Qiu et al., 2011), where 

women who consumed the highest quartile of heme iron rich food during pre-pregnancy and 

early pregnancy were two times more likely to develop GDM than women who were in the 

lowest quartile (Qiu et al., 2011). In contrast, higher nonheme iron intake before pregnancy has 

been shown to lower the risk of GDM (Darling, Mitchell, & Werler, 2016), suggesting that diets 

high in vegetables, fruits, legumes, and nuts (i.e., nonheme iron sources) may provide some 

protection against GDM (Boers, Tobias, Yeung, Hu, & Zhang, 2012; Zhang et al., 2006). Iron 
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supplementation has not been found to impact the risk of GDM (Bowers et al., 2011; Chan, 

Chan, Lam, Tam, & Lao, 2009; Kinnunen, Luoto, Helin, & Hemminki, 2016) and is consequently 

insufficient in lowering the risk of GDM in at-risk women. Therefore, pregnant women should 

be advised to consume 27 mg/day of nonheme (i.e., plant based) iron through iron-rich foods 

in order to attempt to lower their risk of GDM. 

 

3.6 Smoking 

Smoking is associated with an abundance of health consequences, including, but not limited to, 

coronary heart disease, stroke, cancer, respiratory disease, and death (World Health 

Organization [WHO], 2012). Smoking is also known to affect a mother and her fetus during 

pregnancy. Specifically, women who smoke may be more likely to develop GDM than women 

who abstain from smoking during pregnancy. The relationship between smoking and GDM is 

currently inconclusive. While many studies find a significant association between cigarette 

smoking and GDM (Leng et al., 2015; Solomon et al., 1997; Zaren, Lindmark, Wilbell, & Folling, 

2000; Zhang et al., 2014), several studies also suggest that little to no relationship can be found 

between smoking during pregnancy and GDM (England et al., 2004; Hosler, Nayak, & Radigan, 

2011). Interestingly, maternal smoking history may relate to an increased risk in the 

development of GDM in offspring daughters (Bao et al., 2016). Specifically, maternal smoking 

of 25 or more cigarettes per day during pregnancy is associated with a 98% higher risk of GDM 

during the daughter’s own pregnancy (Bao et al., 2016). However, further research is necessary 

to determine whether the relationship between maternal smoking and GDM during pregnancy 

is causal. Overall, through an examination of the literature it appears that smoking may pose a 

risk of developing GDM for already at-risk women. Therefore, due to the additional negative 

consequences that are associated with smoking, the general consensus among the literature is 

that all women of reproductive age, prospective and expecting mothers, eliminate smoking as a 

current lifestyle choice. 

 

4. Protective Factors 
With the increasing rates of developing GDM around the world, many women and healthcare 

practitioners are seeking means of GDM prevention. Similar to the risk factors literature, 

preventative strategies in relation to GDM are complicated. There are studies that can be found to 

both support and challenge preventative strategies. The following include the most commonly 

discussed and supported prevention strategies within the literature. These include exercise, 

adequate sleep, a well-balanced diet, and probiotics. 

 

4.1 Exercise 

Traditionally, pregnant women were advised to reduce their physical activity levels due to the 

belief that physical activity could reduce placental circulation and result in miscarriages or 

preterm delivery (Shcramm, Stockbauer, & Hoffman, 1996). However, research conducted in 

the last two decades suggests that physical activity is part of a well-developed antenatal care 

plan (ACOG, 2015). Pregnant women who exercise throughout their pregnancy may experience 
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benefits such as improved physical condition, control of body weight, shorter duration of 

labour, quicker recovery after birth, prevention of health conditions (e.g., GDM), and reduced 

risk of premature birth (Blaize, Pearson, & Newcomber, 2015). Beginning or maintaining an 

exercise routine along with following a healthy diet may reduce the risk of GDM-related 

outcomes during pregnancy (Shepherd et al., 2017). Taking part in physical activity prior to 

conception reduces the risk of developing GDM (Colberg, Castorino, & Jovanovic, 2013), and 

for those diagnosed with GDM, having done pre-conception exercise may contribute to better 

pregnancy outcomes compared to women who begin an exercise routine during pregnancy 

(Zhang, Solomon, Manson, & Hu, 2006). Overall, exercise (prior to and during pregnancy) is 

consistently found to benefit women throughout pregnancy, independent of a GDM diagnosis 

(Gaston & Cramp, 2011). 

 

The influence of physical activity on GDM outcomes are debated within the literature. A recent 

study examined the suitability of cycling exercise initiated in early pregnancy. Previous reviews 

have concluded that there is limited evidence to suggest that physical activity decreases the 

risks of developing GDM or improves insulin sensitivity during pregnancy (Hans, Middleton, & 

Crowther, 2012; Kramer & McDonald, 2006). However, recent studies utilizing well-designed 

randomized control trials show the potential physical activity programs may have for 

decreasing the risk GDM in pregnant women. For example, cycling for 30 minutes, three times 

per week, was associated with a significant reduction in GDM frequency in overweight/obese 

pregnant women (Wang et al., 2017). Other findings suggest that participating in physical 

activity during the first 20 weeks of pregnancy may result in a 50% reduced risk of GDM 

(Dempsey et al., 2004). In particular, favourable effects on glucose control and prevention of 

insulin use are found for women who perform physical activity at <60% of their VO2max, or the 

maximum amount of oxygen utilized during intense exercise (Davenport, Mottola, & McManus, 

2008). In terms of the effects of exercise on insulin sensitivity, women at high risk of developing 

GDM who took part in a walking and nutritional intervention program maintained the same 

insulin sensitivity compared to women who were at low risk of developing GDM, and did not 

develop GDM (Mottola et al., 2005). Furthermore, taking part in a physical activity program 

pre-pregnancy or in early pregnancy may have the greatest effects of reducing the risk of GDM 

for at-risk women (Sanabria-Martinez et al., 2015; Tobias, Zhang, van Dam, Bowers, & Hu, 

2011). Interestingly, a recent meta-analysis found that utilizing an exercise regimen that 

combined multiple types of exercise (e.g., weightlifting, cardio, and stretching) had the greatest 

effect at reducing the risk of GDM in at-risk women (Sanabria-Martinez et al., 2015). Overall, 

regular, moderate-intensity exercise before and during pregnancy is part of a healthy lifestyle 

that may decrease the risk of developing GDM. Therefore, it is advised that mothers who are 

experiencing a pregnancy without contraindications (i.e., a high-risk pregnancy) continue or 

begin a physical activity regimen that includes 150 minutes of moderate-intensity physical 

activity each week to achieve reductions in pregnancy complications such as GDM (Mottola et 

al., 2018). 
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4.2 Sleep 

Interestingly, napping may reduce some of the effects of low quantity/quality sleep; women 

who report not napping were more likely to meet the threshold of gestational diabetes (Rawal 

et al., 2017). Although naps are often prescribed as a means of achieving the minimum 8-9 

hours/day suggested for pregnant women, longer nap duration may pose an additional threat 

to developing GDM. For example, one study found an association between long duration naps 

in early pregnancy and GDM (Balserak, Jackson, Ratcliffe, Pack, & Pien, 2013). However, this 

finding is challenged by a more recent study that examined the relationship between sleep 

duration, compensatory daytime napping, and GDM, where napping was found to modify the 

association between sleep duration (too long or too short) and gestational diabetes (Rawal et 

al., 2017). Specifically, the risk of GDM was not significantly related to sleep duration for 

women who napped frequently; however, a significant association was found between sleep 

duration and GDM for women who rarely or never napped in their second trimester (Rawal et 

al., 2017). In conclusion, pregnant women should be advised to aim for 8-9 hours of quality 

sleep, as well as be monitored for disordered sleeping patterns throughout the pregnancy. 

Short, uninterrupted daytime naps may be suggested for women who achieve less than 7 hours 

of sleep. 

 

4.3 Nutrition 

Women who are overweight or obese are at an increased risk of developing GDM during 

pregnancy in comparison to women of a normal weight (Olafdottir, Skulladottir, Thorsdottir, 

Hauksson, & Steingrimdottir, 2006). Likewise, increased weight gain throughout the pregnancy 

is associated with an increased risk of developing GDM (Hedderson, Gunderson, & Ferrara, 

2010; Liu, Tang, & Wang, 2014). Due to the risk of developing GDM associated with weight, an 

extensive amount of literature focuses on the prevention of GDM through nutritional 

adherence. Nutritional manipulation is known to decrease the risks of developing type 2 

diabetes in non-pregnant adults. However, conflicting support is found for the same 

relationship between specific diets and decreased risk of gestational diabetes (Agha-Jaffar, 

Oliver, Johnston, & Robinson, 2016; Rogozinska, Chamillard, Hitman, Kahn, & Thangaratinam, 

2015). 

 

The effects of diet during pregnancy and its association with developing GDM is inconsistent 

within the literature. For example, a meta-analysis in 2012 determined that a dietary 

intervention in any form results in a 61% risk reduction in GDM (Thangaratinam et al., 2012), 

while a subsequent study found changes to diet had no impact on gestational weight gain or 

incidence of GDM (Dodd et al., 2014). Although the literature has yet to come to a consensus 

on the efficacy of diet in lowering the risks of GDM, experts suggest the need for a moderation 

of carbohydrate intake and increase micronutrient intake by at-risk women (Tobias et al., 

2012); however, most women with GDM do not meet the suggested micronutrient intake 

suggested by national health standards in the U.S. (Louie, Markovic, Ross, Foote, & Brand-

Miller, 2013). Evidence suggests that a prudent diet, or a diet of primarily vegetables, fruit, fish, 

and poultry, is associated with decreased risk of developing GDM compared to a westernized 
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diet (i.e., high intake of red and processed meat, pizza, french fries, candy, and refined grains) 

(Chen, Hu, Yeung, Willett, & Zhang, 2009; Tryggvadottir, Medek, Birgisdottir, Geirsson, & 

Gunnarsdottir, 2016). Therefore, diets that encourage the consumption of vegetables, fruits, 

plant proteins, and lean meats may reduce the likelihood of developing GDM in at-risk women 

(Tobias et al., 2012). Such diet interventions include the Mediterranean diet, the Dietary 

Approaches to Stop Hypertension (DASH) diet, and the Healthy Eating Index diet, all of which 

are inversely associated with type 2 diabetes (Fung, McCullough, van Dam, & Hu, 2007; Liese, 

Nichols, Sun, D’Agostino, & Haffner, 2009; Salas-Salvado et al., 2011). These findings support 

current guidelines in Canada that suggest a well-balanced diet approach may be beneficial to 

managing weight and glucose levels (Health Link BC, 2014). 

 

4.4 Probiotics 

The potential use of probiotics as a means of controlling glucose levels within pregnant women 

has been of great interest (Lindsay, Walsh, Brennan, & McAuliffe, 2013; Musso, Gambino, & 

Cassader, 2011). Probiotics are live microorganisms that are administered as a means of 

improving or restoring the gut flora, and when administered in adequate amounts may 

promote health benefits for the host (Isolauri, Rautava, Collado, & Salminen, 2015). Probiotics 

pose no long-term negative consequences for mothers or infants and are, therefore, deemed 

safe for use during pregnancy (Luoto, Laitinen, Nermes, & Isolauri, 2010). Supporting literature 

suggests that the consumption of probiotics may improve glucose control in pregnant women 

(Laitinen, Poussa, & Isolauri, 2009) and decrease the rates of GDM for at-risk women (Luoto et 

al, 2010). Similarly, probiotic yogurt, one of the most common sources of probiotics, has been 

found to help maintain insulin concentrations in healthy pregnant women (Asemi et al., 2013), 

a finding that was supported by a recent meta-analysis (Zheng, Feng, Zheng, & Xiao, 2018). 

However, similar findings have not translated to overweight or obese pregnant women 

(Lindsay et al., 2014), a finding that may be due to the lack of dietary manipulation. Specifically, 

participants within the Laitinen et al. (2009) study were provided counselling on a low 

glycaemic diet in addition to consuming probiotic rich yogurt, while Lindsay et al. (2014) 

focused solely on probiotic consumption. Therefore, the effects of probiotics on glucose 

control may require additional nutritional changes for the pregnant mother. Supporting Lindsay 

et al.’s findings, a recent study examining the effects of two forms of probiotics administered 

during the second trimester in overweight and obese women found that probiotics did not 

prevent the development of GDM in at-risk pregnant mothers (Callaway et al., 2019). Overall, 

the findings suggest that the administration of probiotics during pregnancy may have the 

greatest effect on glucose control for women who are of healthy weight and consume a well-

balanced, low glycaemic diet. 

 

5. Impacts on Mothers’ Health 
While the diagnosis of GDM may be frightening for many mothers, this condition comes with an 

added layer of possible health risks that may affect a mother’s health during or after pregnancy. 

These health concerns include preeclampsia, delivery risks, and the development of type 2 diabetes 
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post-delivery. One commonly discussed condition among the GDM literature is hydramnios (i.e., 

excessive amniotic fluid); however, two studies suggest that the proposed relationship between 

GDM and hydramnios may be unfounded. Shoham et al. (2001) and Wolf et al. (2017) found no 

relationship between third trimester hydramnios and GDM diagnosis among women with reported 

hydramnios. Therefore, the current review will focus on current maternal risks that may be cause 

for concern. 

 

5.1 Preeclampsia 

Conditions associated with increased insulin resistance, like GDM, may predispose women to 

gestational hypertension (Solomon & Seely, 2001), better understood as high blood pressure 

during pregnancy. Gestational hypertension and preeclampsia, a form of gestational 

hypertension, are more frequent among GDM mothers (Xiong et al., 2001). Interestingly, due 

to insulin resistance, women with GDM experience hypertensive disorders two to three times 

more than women experiencing a nondiabetic pregnancy (Innes & Winsatt, 1999). 

Preeclampsia is diagnosed in pregnant women with new onset hypertension and proteinuria in 

the second half (i.e., 20 weeks) of their pregnancy (ACOG, 2013); however, preeclampsia can 

also be diagnosed in hypertensive women who show signs of pulmonary edema, progressive 

renal insufficiency, impaired liver function, thrombocytopenia, or new onset cerebral or visual 

disturbances (ACOG, 2013). Preeclampsia increases the risk of serious consequences such as 

maternal (WHO, 2005) and fetal (Altman et al., 2002) morbidity and mortality, and future risk 

of maternal cardiovascular disease (Mosca et al., 2011) and stroke (Bushnell et al., 2014). 

Currently, the only known cure is the delivery of the infant. 

 

Women who develop preeclampsia are more insulin resistant pre-pregnancy (Valdés, 

Sepúlveda-Martínez, Manukián, & Parra-Cordero, 2014) and in their first and second trimesters 

(Hauth et al., 2011). In fact, insulin resistance at 22-26 weeks (i.e., the weeks of typical GDM 

diagnosis) is a significant predictor of preeclampsia (Hauth et al., 2011). GDM and preeclampsia 

share many risk factors including maternal age, ethnicity, and obesity (Mudd, Owe, Mottola, & 

Pivarnik, 2013; Schneider, Freerksen, Röhrig, Hoeft, & Maul, 2012). A study examining 647,392 

pregnancies found that when controlling for the similar risk factors between the two 

conditions, women with GDM were 1.29 times more likely to develop preeclampsia (Schneider 

et al., 2012), a finding that was supported further by research conducted in Canada (Nerenberg 

et al., 2013). Interestingly, poor glycemic control, pre-pregnancy obesity, and gestational 

weight gain are associated with an increased risk of preeclampsia (Barquiel et al., 2014). These 

findings suggest that by addressing the risk factors associated with GDM, mothers may be able 

to decrease their risk for GDM and preeclampsia. This is important because both pregnancy 

diseases are associated with maternal mortality. 

 

5.2 Delivery Risks 

GDM often results in a fetus that is deemed as macrosomic, or large for gestational age. A 

larger fetus presents a number of complications for the mother during delivery. Studies suggest 

that GDM is one of the strongest predictors of macrosomia (Mathew, Machado, Al-Ghabshi, & 
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Al-Haddabi, 2005; Mohammadbeigi et al., 2013). This is because GDM elevates the mother’s 

blood glucose and insulin levels, which in turn circulates insulin from the mother to the fetus 

resulting in excessive fat deposits and macrosomia. Macrosomic fetuses often have larger 

shoulder and extremity circumferences, a decreased head-to-shoulder ratio, significantly 

higher body fat, and thicker upper-extremity skinfolds (KC, Shakya, & Zhang, 2015). These 

proportions may present challenges for the mother during delivery, such as prolonged labour in 

which the fetus may become stuck in the birth canal, the need for instrumental delivery (i.e., 

use of forceps or vacuum), or the inability for a vaginal birth and, therefore, need for an 

unplanned caesarean section (Turkmen, Johansson, & Dahmoun, 2018). Women who are 

pregnant with an infant deemed to have macrosomia are more likely to experience preterm 

birth, have increased risk of postpartum hemorrhage, and have a higher risk for caesarean 

delivery (Henriksen, 2008; Jastrow et al., 2010; Weissmann-Brenner et al., 2012). There is also a 

greater risk of laceration and tear of the vaginal tissue when the fetus is macrosomic, as well as 

greater likelihood of perineal tearing (King, Korst, Miller, & Ouzounian, 2012; Najafian & 

Cheraghi, 2012; Turkmenet al., 2018). Lastly, mothers carrying a macrosomic fetus are three to 

five times more likely to experience genital tract injury and uterine atony, or the inability of the 

uterus muscle to properly contract (Lazer et al., 1986). Mothers who deliver a macrosomic 

fetus are more likely to require longer stays in hospital post birth (Turkmen et al., 2018) 

because of perineal tears, genital track injuries, and/or the need for caesarean section 

deliveries (Irion & Boulvain, 1998). Therefore, due to the risks associated with GDM to the 

mother’s health and safety during labour, pre-pregnancy and prenatal glucose control is 

imperative for both the well-being of the mother and fetus, and in addition there is a need for 

close monitoring of at-risk mothers during pregnancy and post birth while in hospital. 

 

5.3 Type 2 Diabetes Post Pregnancy 

For most women, delivery marks the reversal of GDM. However, some women who developed 

GDM during pregnancy will encounter glucose intolerance for up to a few years after giving 

birth. This is because the development of GDM is significantly associated with the development 

of type 2 diabetes later in life (Rayanagoudar et al., 2016). Anywhere from 10-31% of women 

who are diagnosed with type 2 diabetes report a history of GDM in at least one previous 

pregnancy (Cheng & Byth, 2003). Jarvela and colleagues (2006) followed 435 women diagnosed 

with GDM for a mean interval of six years post-birth. Of the 435 women followed, 4.6% went 

on to develop type 1 diabetes and 5.3% developed type 2 diabetes following a diagnosis of 

GDM. Women who developed type 1 diabetes had three common characteristics: < 30 years of 

age, required insulin to control glucose levels (i.e., nutrition and exercise interventions were 

insufficient), and tested positive for insulin antibodies (Jarvela et al., 2006). Rather than GDM 

increasing the risk of developing type 1 diabetes, the authors concluded that screening for 

GDM during pregnancy served to identify women at risk of developing diabetes later in life 

(Jarvela, 2006). Interestingly, a South Korean based study utilizing a similar paradigm as the 

study by Jarvela found that 12.5% of women diagnosed with GDM went on to develop type 2 

diabetes within two months of delivery, and each subsequent year following delivery the 
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number of women diagnosed with type 2 diabetes increased at a rate of 6.8% a year (Kwak et 

al., 2013). 

 

The literature suggests that the association between GDM and type 2 diabetes may be due in 

part to the shared risk factors of the two forms of diabetes. For example, a family history of 

diabetes, being overweight/obese, being of older age, and one’s ethnic background are all risk 

factors for developing GDM and type 2 diabetes (Lauenborg, Grarup, & Damm, 2009). 

Furthermore, a second pregnancy is associated with a threefold increase in developing type 2 

diabetes for women who developed GDM in their first pregnancy (Peters, Kyos, & Xiang, 1996), 

suggesting that multiple occurrences of insulin resistance may increase a woman’s likelihood of 

developing type 2 diabetes. A meta-analysis examining the likelihood of developing type 2 

diabetes post GDM pregnancy found that future risk of diabetes was influenced primarily by 

gestational glycaemic status (Rayanagoudar et al., 2016); however, additional factors such as 

hypertensive disorders, preterm delivery, and gestational age during a GDM pregnancy, as well 

as maternal BMI, ethnicity, and family history, were also associated with developing type 2 

diabetes later in life (Rayanagoudar et al., 2016). It is also worth mentioning that other groups 

only go so far as to say that GDM only serves to identify women already at risk of developing 

type 2 diabetes (Rice, Illanes, & Mitchell, 2012). Following birth, guidelines suggest that women 

with GDM be followed up in the early stages after delivery to identify their risks of developing 

type 2 diabetes (National Institute for Health and Care Excellence, 2008). This is because 

mothers who remain glucose intolerant at 6 to 12 weeks postpartum are at a high risk of 

developing type 2 diabetes within five years (Khandelwal, 2008). Yet despite these 

recommendations, less than one-fifth of mothers with GDM are screened (McGovern et al., 

2014). Therefore, the literature suggests that clear communication between primary and 

secondary healthcare providers regarding the mother’s risks of developing future diabetes is 

imperative and women must be informed of their individual risks for developing type 2 

diabetes in the future (Rayanagoudar et al., 2016). 

 

6. Impacts on Child Health 
It is well-documented that children of mothers with GDM are at risk for developing a range of 

unfavourable health conditions. These health conditions include perinatal death and stillbirth, 

macrosomia (and related injuries), hypoglycemia, childhood and adulthood weight gain, type 1 or 

type 2 diabetes, and cardiovascular disease. Although other offspring health conditions are loosely 

linked to a mother’s development of GDM, the following present sufficient evidence to warrant 

concern. 

 

6.1 Perinatal Death and Stillbirth 

Women who develop GDM during their pregnancy are at an increased risk of pregnancy 

complications including stillbirth and perinatal mortality (Shand, Bell, McElduff, Morris, & 

Roberts, 2008). A recent cohort study found that the odds of perinatal death were increased by 

30% for infants born at term by a mother with GDM (Billonnet et al., 2017) compared to 
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nondiabetic mothers. However, when controlling for pregnancies that were diagnosed as GDM 

postnatally, this risk was only seen in pregnancies that went untreated for GDM (Billonnet et 

al., 2017). Furthermore, studies conducted in Canada and Sweden found that the risk of 

perinatal death during a GDM pregnancy was significantly lower or similar to nondiabetic 

pregnancies when the mother was treated with a GDM intervention (Fadl et al., 2010; Feig et 

al., 2014). Yet controversy continues for whether an association occurs between GDM and 

perinatal mortality. Relatedly, there is some discussion in the literature regarding the 

relationship between GDM and still birth. This relationship was recognized as early as the 

1960s, where O’Sullivan and colleagues (1966) observed an increased incidence of still birth for 

women who went undiagnosed or were inadequately treated for GDM. However, as screening, 

diagnosis, and treatment have become more consistent, the association between GDM and 

stillbirth has become more complicated. Nonetheless, a recent study found that women with 

GDM are at greater risk of experiencing a stillbirth after 35 weeks than their nondiabetic 

counterparts (Rosenstein et al., 2012), a risk that persisted until 42 weeks gestation. Supporting 

evidence suggests that women with GDM are 1.25 times more likely to experience a stillbirth 

after 28 weeks compared to mothers with normal glucose tolerance (Hutcheon, Kuret, Joseph, 

Sabr, & Lim, 2013). Together, the findings imply that there is some risk of fetal mortality due to 

GDM; however, these associations are likely reliant on mismanaged care. Therefore, mothers 

with GDM should be monitored closely for fetal health and development throughout 

pregnancy. 

 

6.2 Fetal Macrosomia 

Gestational diabetes and elevated fasting plasma glucose levels during pregnancy are reported 

to be significant risk factors for macrosomia (Shi et al., 2014; Turkmen et al., 2018), with even 

relatively mild hyperglycemia being associated with a significant increase in macrosomia 

(Zawiejska, Wender-Ozegowska, Radzicka, & Brazert, 2014). Due to the inability for insulin to 

cross the placenta, a fetus must secrete insulin independently in order to combat the high 

glucose levels that characterize GDM (Sweet, Grayson, & Pollack, 2013). The fetus develops 

hyperinsulinemia as a means of combatting this overabundance of glucose crossing the 

placenta, resulting in macrosomia (Pederson, 1967). Macrosomia, or a birth weight greater 

than 4000 grams regardless of gestational age (Costa, Paulinelli, & Barbosa, 2012), is the main 

cause of acute perinatal complications for mother and infant. Macrosomic infants are more 

likely to experience shoulder dystocia (Robinson et al., 2003; Mission, Ohno, Cheng, & Caughey, 

2012), are more likely to experience deprivation of adequate oxygen levels (hypoxia) (Johnson 

& Schoeni, 2011), are at an increased risk of neonatal, post-natal, and infant death (Boulet et 

al., 2003), and at increased risk of childhood obesity later in life (Morton, 2006), compared to 

infants of normal weight. 

 

Fetuses from diabetic pregnancies become macrosomic due to a unique pattern of overgrowth 

that occurs from subcutaneous fat accumulation in the abdominal and interscapular areas 

(McFarland, Trylovich, & Langer, 1998). Their birth weight correlates with the second and third 

trimester post meal blood levels rather than fasting glucose levels (Jovanovic-Peterson et al., 
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1991). In terms of direct effects on the fetus, being large for gestational age is associated with 

shoulder dystocia (Boulvain et al., 2015; Irion & Boulvain, 1998; Lurie, Insler, & Hagay, 1996). 

This risk decreases if the mother is induced at 38-39 weeks gestation (Lurie et al., 1996). 

Similarly, many studies find an increased risk of obstetric brachial plexus injury and neonatal 

fractures in pregnancies with macrosomia compared to normal gestational weight pregnancies 

(Beta et al., 2019; Kin, Korst, Miller, & Ouzounian, 2012; Morikawa et al., 2013). Apgar scores, 

or the overall health of an infant after delivery, are often found to be lower in infants born with 

a larger than gestational age weight (Raio et al., 2003; Turkmen et al., 2018). This is troubling, 

as Apgar scores indicate the vitality and well-being of a newborn (Turkmen et al., 2018) and low 

scores (i.e., a score below seven) at five minutes is associated with increased risk of neurologic 

disability and even neonatal death (Ehrenstein, 2009). Therefore, not only are infants at risk of 

injury, but they are also at risk of decreased health and well-being immediately after birth that 

may result in poor health in the long-term. These findings demonstrate a strong association 

between GDM and increased risk of injury and poor health in infants. 

 

6.3 Hypoglycemia 

Neonatal hypoglycemia is a metabolic abnormality that is characterized by the inability of a 

newborn to maintain glucose homeostasis (De et al., 2011). A plasma glucose level of less than 

30 mg/dl or 1.65 mmol/l in the first 24 hours of life (Stomnaroska-Damcevski et al., 2015) is 

generally accepted as neonatal hypoglycemia. Hypoglycemia occurs in approximately 8-30% of 

infants born to mothers with GDM versus 3% of non-diabetic women (Alemu, Alayinka, 

Baydoun, Hoch, & Akpinar-Elsi, 2017; Ferrara et al., 2007; Metzger et al., 2014; Rozance & Hay, 

2006; Sarkar et al., 2003). However, the literature presents inconsistent findings as to whether 

neonatal hypoglycemia is related to poor maternal glycemic control, neonatal weight at birth, 

or gestational age at delivery (Alemu et al., 2017). This metabolic abnormality is associated 

with shakiness, tachycardia, lethargy, and temperature irregularities (Ramos et al., 2012; 

Vannucci & Vannucci, 2001). Glucose homeostasis is crucial for the overall physical 

development of a newborn (Rozance & Hay, 2006). If not detected early, prolonged neonatal 

hypoglycemia is associated with poor health outcomes including seizure, coma, cyanotic 

episodes, apnea, bradycardia or respiratory distress, hypothermia (Burden, Botiu, & 

Teodorescu, 2009; Najati & Saboktakin, 2010), and neurological injury (Alemu et al., 2017; 

Ramos et al., 2012). With the issues associated with neonatal hypoglycemia, attention should 

be given to infants of diabetic mothers. Therefore, newborns of GDM mothers should be tested 

for plasma glucose levels and monitored closely to ensure glucose homeostasis occurs prior to 

discharge. 

 

6.4 Weight Gain 

Studies have revealed that overweight, obesity, and maternal weight gain during pregnancy not 

only increases a mother’s risk for developing GDM, but it also increases the risk of 

overweight/obesity in the offspring (Crume et al., 2011; Lawlor, Lichtenstein, & Langstrom, 

2011). Clausen et al. (2009) examined the relationship of GDM and an offspring’s risk of 

becoming overweight and found that adult offspring of women with diet treated GDM were 
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two times more likely to be overweight than adult offspring from a nondiabetic pregnancy. 

Further supporting the relationship between GDM and offspring risks of becoming overweight, 

Boerschmann and colleagues (2010) found that children born from GDM pregnancies were 

more likely to be overweight at ages 2, 8, and 11 than children from non-diabetic pregnancies. 

These findings suggest that exposure to hyperglycemia during pregnancy may partly explain the 

increased prevalence of overweight in children of a GDM pregnancy. However, some experts 

argue that it is not GDM that results in overweight offspring, but rather the mother’s weight 

during pregnancy (Catalano & Ehrenberg, 2006) or common lifestyle factors within the family 

(Nilsson, Carlsson, & Landin-Olsson, 2013) that may be the greatest risk factors contributing to 

an offspring’s likelihood to be overweight or obese. Furthermore, a systematic review of the 

literature warned that conclusions could not be drawn to suggest the later life obesity is truly 

caused by in utero exposure to hyperglycemia, due to the lack of consistent findings within the 

literature (Kim, England, Sharma, & Njoroge, 2011). Therefore, while there is a lack of 

consensus within the literature regarding the influence of exposure to hyperglycemia and its 

effects on the fetus in terms of long-term weight gain, there is a consensus that mothers 

should eat a healthy, well-balanced diet and provide similar healthy choices to their children. It 

is hoped that through a healthy lifestyle, women will keep a healthy weight, decrease their risk 

of developing GDM during pregnancy, and project these healthy behaviours toward the 

children. 

 

6.5 Diabetes 

There is evidence to suggest that GDM may have lasting effects on the fetus, specifically in 

terms of increasing the offspring’s risk of developing diabetes later in life (Dabelea & Crume, 

2011; Reusens, Ozanne, & Remacle, 2007). Parental diabetes is consistently shown to be a 

substantial risk factor in the development of adult onset diabetes (Alcolado & Alcolado, 1991; 

Lindsay et al., 2000; Martin et al., 1985; Thomas et al., 1994). A longitudinal study 

demonstrated that offspring born to one parent with diabetes, regardless of gender, increased 

the likelihood of developing type 2 diabetes 3.5-fold, with offspring of mothers diagnosed with 

diabetes greatly elevated this risk to 9.7-fold (Meigs et al., 2000). In utero exposure to diabetes 

appears to greatly affect the chances of offspring developing type 2 diabetes later in life. For 

example, the risk of offspring diabetes was significantly higher in siblings born after a mother’s 

diagnosis of type 2 diabetes compared to siblings born before the mother developed type 2 

diabetes (Dabelea, 2000). Due to the similarities between type 2 diabetes and GDM, these 

findings suggest that similar effects would be seen in offspring of a mother diagnosed with 

GDM. This is because GDM exposes the fetus to a proinflammatory environment, which may 

influence the fetal epigenome (Fernandez-Morera, 2010; Kwak & Park, 2016). This relationship 

appears to be consistent when looking at the children born to mothers diagnosed with GDM. 

Garcia-Vargas and colleagues (2012) showed that at 20 years the cumulative risk of developing 

type 2 diabetes for the offspring of women diagnosed with GDM was 20% and Blotsky and 

colleagues (2019) reported GDM in a sample of over 73,000 women in Canada was associated 

with a higher rate of pediatric type 2 diabetes in their offspring. 
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A Pima Indian study examined the effects of impaired glucose tolerance in the third trimester 

of pregnancy and found that young adults who were born to mothers with impaired glucose 

tolerance in pregnancy were at a greater risk of developing type 2 diabetes (Franks et al., 

2006). By 20 years old the offspring were at a 15% risk of developing type 2 diabetes and this 

risk increased to 30% by the age of 24 years (Franks et al., 2006). Lastly, a Danish study found 

that interuterine hyperglycemia is associated with type 2 diabetes in adult offspring (Clausen et 

al., 2008). Specifically, the offspring of women with GDM were eight times more likely to 

develop diabetes/pre-diabetes (Clausen et al., 2008). 

 

6.6 Autism 

Exposure to maternal hyperglycemia may have lasting effects on a fetus’s organ development 

and function (Freinkel, 1980). Autism spectrum disorders (ASD) are neurodevelopmental 

disorders that are characterized by impairments in social interactions, communications, and 

restricted, repetitive behaviours (American Psychiatric Association, 2013). Some evidence 

suggests that maternal diabetes during pregnancy may be associated with a child’s 

development of ASD (Cargener, Spiegelman, & Buka, 2009; Xu, Jing, Bowers, Liu, & Bao, 2014), 

with recent studies suggesting a similar finding between GDM and ASD (Xiang, Wang, & 

Martinez, 2015). Importantly, Xiang et al. (2015) found that timing of treatment of GDM was an 

important factor in the risk of development of ASD in the child. The authors suggest that this 

relationship may be the result of exposure to untreated hyperglycemia during early critical 

brain development. Furthermore, Sacks et al. (2016) found a significant linear association 

between the severity of GDM and the risk of neuropsychiatric disorders, including ASD, in 

children. This association was proposed to be attributed to the in utero exposure to 

imbalanced glucose levels during the development of the central nervous system or the 

indirect effect of epigenetics (Sacks et al., 2016). However, because these findings are recent 

and limited in support, more research is necessary before concrete conclusions can be made 

regarding the relationship between ASD and GDM. 

 

6.7 Cardiovascular Disease 

Studies have determined a relationship between GDM and blood pressure of offspring (Boney, 

Verma, Tucker, & Vohr, 2005; Tam et al., 2008). However, other associations between 

cardiovascular disease in offspring and GDM are limited. Most of the research conducted on 

the effects of maternal hyperglycemia disorders and cardiovascular risks in offspring are 

conducted among mothers with type 1 or type 2 diabetes rather than GDM (Di Bernardo et al., 

2017). Recently, experts have begun to examine the risks associated specifically with GDM and 

offspring cardiovascular outcomes to determine whether differences exist. A recent study 

found that offspring of a mother that was treated for GDM by diet and exercise were at a 

greater risk of developing cardiovascular disease in later life than offspring of mothers treated 

for GDM by insulin (Leybovitz-Haleluya, Wainstock, Landau, & Sheiner, 2018). Further, offspring 

of mothers with GDM are also reported to have higher systolic blood pressure than offspring of 

mothers who were non-diabetic during pregnancy (Bunt, Tataranni, & Salbe, 2005). However, a 

more recent study found that this association could only be found in male offspring and may be 
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influenced by maternal pre-pregnancy BMI (Aceti et al., 2012). Therefore, it appears that a 

relationship between GDM and an offspring’s likelihood of developing cardiovascular disease in 

later life may be of concern, yet further research is needed within the context of GDM 

pregnancies. 

 

7. Screening & Treatment 
While several management strategies exist to lessen the effects of GDM, an efficacious prevention 

strategy has yet to be found. This lack of preventative measures is due to the complexity of GDM. 

The following strategies described below are methods of identification, and interventions 

commonly prescribed by healthcare providers as a means of controlling glucose levels in women 

with GDM. 

 

7.1 Screening & Diagnosis 

Screening for GDM has had a checkered past. Questions are raised as to whether GDM should 

be screened at all, if screening should be based on risk factors only, what screening methods 

are the best approach, and how well screening methods detect GDM (Agarwal, 2016). Many 

countries use selective screening criteria to determine whether GDM screening should take 

place. Risk factors that may suggest the need for GDM screening include a mother’s BMI of 

greater than 30 kg/m2, previous GDM diagnosis, previous macrosomia, family history of 

diabetes mellitus, and ethnicity with a high prevalence of diabetes mellitus (WHO, 2016). This 

approach to determine whether screening for GDM is necessary results in a subset of mothers 

who do not receive appropriate care throughout their pregnancy (Teh et al., 2011), especially 

since GDM is asymptomatic (Chan, Wong, & Ho, 2008). Although a multitude of screening 

methods have been used (e.g., direct glucose measurements, indirect glucose measurements, 

and markers of diabetes), the gold standard of screening for GDM has yet to be found, which 

has resulted in a lack of international consensus regarding which test to use, the timing of 

screening method, and the optimal cut-off points for diagnosis (Rani & Begum, 2016). 

Currently, the glucose challenge test (GCT) and fasting plasma glucose (FPG) test are believed 

to be the best predictor of GDM (Agarwal, 2016). However, WHO recommends utilizing the oral 

glucose tolerance test (OGTT); a test that is utilized by the Canadian healthcare system. 

 

GDM is diagnosed at any point throughout a pregnancy; however, the typical time frame of 

diagnosis is between 24- and 28-weeks gestation (WHO, 2016). Placental hormones may 

mediate insulin resistance, which increases GDM while the pregnancy progresses (Rani & 

Begum, 2016). Therefore, testing early on in the pregnancy may not be helpful. In Canada, the 

current screening strategy to detect whether a mother has GDM includes a two-hour 75 g oral 

glucose tolerance test. Abnormal glucose tolerance is diagnosed at any time throughout the 

pregnancy if at least one of the following criteria are met: a fasting plasma glucose level of 5.1-

6.9mmol/L; 1-hour plasma glucose of 10.0mmol/L following a 75 g oral glucose load; 2-hour 

plasma glucose of 8.5-11mmol/L following a 75 g oral glucose load (WHO, 2016). Similarly, 

diabetes mellitus, better known as type 1 or type 2 diabetes, is diagnosed if at least one of the 
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following criteria are met using the same screening strategy: fasting plasma glucose of 7.0 

mmol/L; 2-hour plasma glucose of 11.1 mmol/L following a 75 g oral glucose load; random 

plasma glucose 11.1 mmol/L in the presence of diabetes symptoms (WHO, 2016). 

 

7.2 Lifestyle Interventions 

Managing GDM appropriately may result in fewer maternal and fetal complications during and 

after pregnancy (Buchanan, Xiang, & Page, 2012). Most women diagnosed with GDM can be 

prompted to effectively manage their glucose levels through a lifestyle intervention comprising 

dietary counselling, encouragement of physical activity, and monitoring blood glucose levels 

(Lapolla, Dalfra, & Fedele, 2009). Prenatal nutrition and enhanced physical activity are the key 

interventions for glycemic control as a means of GDM treatment (Feig et al., 2018; Gutierrez & 

Reader, 2005) where the goal of a medically prescribed diet in GDM patients is to establish a 

diet that meets the normal maternal weight gain and fetal growth, optimize glycemic control, 

avoid ketoacidosis, and reduce glucose levels after meals (Lapolla et al., 2009). A meta-analysis 

examining 18 randomized controlled trials suggested that a modified dietary intervention 

decreased fasting and postprandial glucose and lowered the need for medication treatment for 

mothers with GDM (Yamamoto et al., 2018). Although the literature fails to present an agreed 

upon dietary recommendation applicable to all mothers with GDM, a daily caloric intake and 

distribution model based on the American Diabetes Association’s recommendations for 

managing type 2 diabetes was developed (Lapolla et al., 2009; see Table 2). The 

recommendations were modified to incorporate dietary needs for fetal development, 

specifically the increased need for additional carbohydrates that promote fetal brain 

development. Pregnant mothers with GDM are also advised to be conscious of the glycemic 

index of their consumed carbohydrates. Low glycemic index foods are suggested due to the 

spike in glucose levels post meal (Clapp, 1998). 

 

Table 2. Recommended calorie intake and nutrient distribution in GDM women 

BMI Calories (kcal/kg of actual weight)  Caloric distribution 

(% of calories/meal) 

<19.8         36-40 kcal/kg of weight 

19.8-26     30 kcal/kg of weight 

26.1-33     24 kcal/kg of weight 

>33            12-18 kcal/kg of weight 

 

+340-452 kcal in 2nd and 3rd trimester 

 Breakfast 10%-15% 

Snack 5%-10% 

Lunch 20%-30% 

Snack 5%-10% 

Dinner 30%-40% 

Snack 5%-10% (25g CHO + 10g P) 

Nutrient distribution (% of calories/nutrient)   

Complex carbohydrates and fiber: 45%-50% 

Protein: 15%-20% 

Mono and polyunsaturated fats: 30%-35% 

  

(Lapolla, Dalfra, & Fedele, 2009) 
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With the habitual consumption of coffee among many women of reproductive age, concerns 

regarding the safety of caffeine during pregnancy has been a topic of relevance within the 

healthcare field. Although much of these concerns focus on the safety of caffeine exposure to 

the fetus, interest has also been directed towards the effects of coffee intake in relation to the 

development of GDM. Sparking this interest are the documented effects of caffeine in the type 

2 diabetes literature. Specifically, caffeine is found to increase insulin resistance (Huxley et al., 

2009) and decrease risk for type 2 diabetes in non-pregnant adults (van Dam & Hu, 2005). In a 

large prospective cohort study, moderate caffeine consumption during the first trimester was 

not associated with a change in risk of developing GDM (Hinkle, Laughon, Catov, Olsen, & Bech, 

2014). Unlike type 2 diabetes, the consumption of caffeine did not significantly decrease the 

likelihood of developing GDM (Hinkle et al., 2014). Therefore, the literature suggests that 

moderate consumption of caffeine during pregnancy will have little to no effect on the 

likelihood of developing GDM for expectant mothers. However, pre-pregnancy consumption of 

0.5-7 cups of coffee/week is found to be associated with a reduced risk of GDM (Adeney, 

Williams, Schiff, Qiu, & Sorensen, 2007). 

 

Exercise counselling, along with nutritional modification, is commonly used as a first line 

therapy in stabilizing glucose levels during pregnancy (Padayachee & Coombes, 2015). Physical 

activity is recognized for its beneficial effects on insulin sensitivity outside of pregnancy 

(Goodyear & Kahn, 1998). This is because exercise stimulates glucose uptake in the muscle 

(Goodyear & Kahn, 1998). However, during pregnancy, moderately-intense physical activity 

appears to only affect post-meal glucose levels (Ehrlich et al., 2017). The Society of 

Obstetricians and Gynecologists of Canada (SOGC) suggest that women with GDM follow the 

same physical activity guidelines as other pregnant women (Davies, Wolfe, Mottola, & 

MacKinnon, 2003). Specifically, 20-30 minutes of moderate-intensity exercise per day is 

believed to lower glucose levels in women with GDM (ACOG, 2015). What must be stressed, 

however, is the need to be aware of the immediate effects exercise may have on insulin 

sensitivity. To address this concern, Savvaki et al. (2018) suggest that women with GDM, 

especially those on insulin therapy, follow similar recommendations made for pregnant women 

with type 1 diabetes in regard to carbohydrate consumption prior to or at the onset of exercise 

(see Table 3). Nevertheless, exercise is part of a healthy, safe pregnancy and may provide 

multiple benefits to women diagnosed with GDM (see Table 4 for recommendations). 
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Table 3. Suggested carbohydrate intake or other actions based on blood glucose levels at the start of 
exercise 

Pre-exercise blood 
glucose 

Carbohydrate intake or other actions 

< 90 mg/dl 
(< 5.0 mmol/l) 

Ingest 15-30 g of fast-acting carbohydrate before the start of exercise, 
depending on the size of the individual and intended activity; some activities 
that are brief (< 30 min) or at a very high intensity (weight training, interval 
training) may not require any additional carbohydrate intake. 

For prolonged activities at moderate intensity, consume additional 
carbohydrate, as needed (0.5-1.0 g/kg body mass/h of exercise), based on 
blood glucose testing results. 

90-150 mg/dl  
(5.0-8.3 mmol/l) 

Start consuming carbohydrate at the onset of most exercise (0.5-1.0 g/kg 
body mass/h of exercise), depending on the type of exercise and the amount 
of active insulin. 

150-250 mg/dl  
(8.3-13.9 mmol/l) 

Initiate exercise and delay consumption of carbohydrate until blood glucose 
concentrations are < 150 mg/dl (< 8.3 mmol/l). 

250-350 mg/dl 
(13.9-19.4 mmol/l) 

Test for ketones. Do not perform any exercise if moderate-to-large amounts 
of ketones are present. 

Initiate mild-to-moderate intensity exercise. Intense exercise should be 
delayed until glucose concentrations are < 250 mg/dl. Intense exercise may 
exaggerate the hyperglycemia. 

≥ 350 mg/dl 
(≥ 19.4 mmol/l) 
 

Test for ketones. Do not perform any exercise if moderate-to-large amounts 
of ketones are present. 

If ketones are negative (or trace), consider conservative insulin correction 
(e.g., 50% correction) before exercise, depending on active insulin status. 

Initiate mild-to-moderate exercise and avoid intense exercise until glucose 
concentrations decrease. 

(Savvaki et al., 2018)  
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Table 4. Exercise recommendations for GDM 

 Aerobic Resistance Flexibility-Balance 

Frequency 3-4 times/week At least 2 times/week 2-3 times/week 

Intensity 50-60% VO2max 12-13 Borg’s Scale Stretch till slight discomfort 
Balance workout light to 
moderate 

Time 45 min with 5-min breaks 
every 15 min 

*ACSM recommendations: 
5-10 exercises 
10-15 repetitions (1 set) 
**ESSA recommendations: 
8-10 exercises 
8-10 repetitions (2 sets) 

Stretch 10-30 s, 2-4 
repetitions/exercise 

Type Walking, jogging, running, 
elliptical machine, cycling, 
swimming, aqua-aerobics 

Sitting position exercises, 
pilates, yoga, exercises with 
free weights, elastic band 
exercises, weight-bearing 
exercises 

Yoga, pilates, tai chi, 
dynamic stretch, static 
stretch 

*ACSM, American College of Exercise Medicine; **ESSA, Exercise and Sport Science Australia 
(Savvaki et al., 2018) 
 

7.3 Glucose Lowering Therapies 

For women who do not achieve glycemic targets within two weeks of initiating lifestyle 

modifications, glucose lowering therapy may be used (Dhulkotia, Ola, Fraser, & Farrell, 2010; 

Feig et al., 2018; Moore, Clokey, Rappaport, & Curet, 2010; Rowan, Hague, Gao, Battin, & 

Moore, 2008). Although insulin injections may be effective in lowering glucose levels in many 

pregnant women, experts have begun to examine the effectiveness of prescribing alternative 

glucose lowering treatment agents, such as metformin, for the treatment of GDM. While 

metformin performs slightly better than insulin at regulating glucose levels (Balsells et al., 

2015; Poolsup, Suksomboon, & Amin, 2014), metformin has yet to be approved for the 

treatment of GDM (Bowker et al., 2017). 

 

Insulin is a hormone that increases cellular uptake, use, and storage of glucose in the tissues 

and liver cells and regulates fat storage within adipose cells (Gray, McGuire, Cohen, & Little, 

2017). Women with GDM may be prescribed insulin as a means of controlling glucose levels 

during pregnancy; however, this form of therapy is typically recommended if nutrition therapy 

has failed to maintain target glucose levels (Duarte-Gardea, 2013). For women with GDM who 

require insulin, isophane, an intermediate-acting insulin, is preferred (Metzger et al., 2007). 

Research suggests that insulin therapy for women with GDM has the potential to be an equally 

effective intervention strategy for treating glucose intolerance to that of nutrition adjustment 

therapy (Brown, Grzeskowiak, Williamson, Downie, & Crowther, 2017). Rapid-acting insulin 

analogs appear to be safe for use during pregnancy, with some studies showing greater 

glycemic control compared to regular insulin therapy (Banerjee et al., 2009). Lispro, a type of 
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rapid-acting insulin analog, is of particular interest for GDM treatment because it is found to 

not cross the placenta except for when administered in very high dosages (Broskovic et al., 

2003). Findings from a meta-analysis suggest that women with GDM that are treated with 

lispro were less likely to experience severe maternal hypoglycemia (Lv, Wang, & Xu, 2015); 

however, conflicting evidence is found on whether taking lispro may result in infant 

macrosomia (Lv, Wang, & Xu, 2015; Lapolla, Dalfra, & Fedele, 2005; Pettitt, Ospina, Kolaczynski, 

& Jovanovic, 2003). The amount of insulin to be administered for GDM is 0.6-0.8 U/kg body 

weight in the first trimester, 1.0U/kg body weight in the second trimester, and 1.2 U/kg body 

weight in the third trimester, with the total amount of insulin distributed in the morning (two 

thirds of the daily dose) and in the evening (one third of the daily dose) (Duarte-Gardea, 2013). 

 

Due to side effects, such as increased appetite, weight gain, and hypoglycaemia, associated 

with the administration of insulin (Zhao et al., 2015), metformin is often prescribed alongside 

insulin to improve glycaemic control and reduce the needed insulin dose (Feig et al., 2016; 

Ibrahim et al., 2014; Vella et al., 2010). Metformin is an insulin sensitizer traditionally 

prescribed as a means of achieving ovulation for women with PCOS; yet since 2004, metformin 

has been tested as a possible intervention to mitigate GDM in early pregnancy (Vanky et al., 

2004). However, there are currently observable risks associated with the use of metformin over 

insulin (e.g., slightly lower gestational age at delivery; Rowan et al., 2011) and it is unclear 

whether metformin meets the standards of a GDM intervention due to the inconclusive results 

between randomized control trials and observational studies. A recent meta-analysis of 

randomized control trials examining the effectiveness of metformin as a prevention 

intervention of GDM suggests that metformin provides little contribution to averting GDM in 

women at high risk (Doi et al., 2020). Additional risks have been identified for the use of 

metformin during pregnancy. For example, several studies have found that compared to those 

who had taken insulin, women who take metformin are at an increased risk of preterm delivery 

(Balsells et al., 2015). Metformin is also known to cross the placenta, posing possible long-term 

effects on children exposed to metformin in utero (Blair, Rosenberg, & Palermo, 2019), 

although little evidence has been found. Nonetheless, the findings from combining insulin and 

metformin together as a treatment for GDM are promising. Recent findings suggest that 

improved glycaemic control towards the end of a pregnancy may be possible with the 

concurrent use of insulin and metformin, showing more favourable results than did insulin 

alone (Balsells et al., 2015). Therefore, metformin alone may not adequately address the need 

for a method to prevent GDM in at-risk women, but together metformin and insulin may lower 

the risks of GDM. 

 

8. Conclusion 
With the rise of obesity and type 2 diabetes, rates of gestational diabetes mellitus are expected to 

continue to rise in the next decade. This is alarming because GDM is associated with serious 

perinatal complications for both the mother and the child. Mothers who develop GDM during their 

pregnancy are more likely to suffer from preeclampsia during pregnancy, experience a more 
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traumatic delivery, and are at greater risk of developing type 2 diabetes after pregnancy. 

Specifically, during delivery, women with GDM are more likely to deliver an infant that is large for 

gestational age, which can result in prolonged labour, need for instrumental delivery, experiencing 

perineal tearing, genital tract injury and uterine atony, requiring an unplanned caesarean section, 

having a postpartum hemorrhage, or dying from childbirth. In addition to these grave concerns for 

the well-being of mothers, there are many short- and long-term risks for the infant. These risks 

include perinatal death and stillbirth, macrosomia, hypoglycemia, childhood and adulthood weight 

gain, type 1 or type 2 diabetes, and cardiovascular disease. 

 

Although there is no international standard for screening women for GDM, Canada has 

implemented the glucose challenge test advised by WHO. Pregnant Canadian women, especially at-

risk mothers, are advised to take this screening test between 24 and 28 weeks gestation as part of 

an early detection approach to prenatal care. Prevention, early detection, and treatment of GDM 

are instrumental in combatting the associated health risks of GDM. Women who are older, of non-

white descent, have PCOS, are pregnant with a male fetus, and/or have one or more parent with 

diabetes are at the greatest risk of developing GDM. However, behavioural risk factors such as 

smoking, overweight/obesity, poor nutrition, insufficient sleep, low physical activity, and low iron 

and vitamin D levels are nearly as instrumental as uncontrollable factors in putting women at risk of 

developing GDM. This means that women should be screened for GDM regardless of their 

biological risk. 

 

Lifestyle changes may reduce the risk of developing GDM in at-risk mothers; however, intervention 

studies have shown mixed results in the efficacy of lifestyle changes for the prevention or 

treatment of GDM. Nevertheless, changes such as taking part in multiple forms of exercise for 

approximately 30 minutes a day; eating a well-balanced diet rich in fruits and vegetables, plant 

protein, and whole grains, and limited in processed food; taking a probiotic and vitamin D 

supplement; and sleeping approximately 8 hours each night, may provide some benefit to at-risk 

women. Although many women make a point to change their lifestyle during pregnancy, experts 

suggest incorporating preventative measures pre-pregnancy. For those who continue to struggle 

with glucose control, insulin and metformin may provide some additional aid in glucose regulation. 

In conclusion, there are clear risks for both the mother and child associated with developing GDM, 

and there are recommendations for both the prevention and management of GDM, but the 

evidence for their effectiveness is not strong and more research is needed in determining the best 

means of addressing the increasing rates of GDM. 
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