Diabetes and Pregnancy
Gestational Diabetes Mellitus
The Canadian Diabetes Association (CDA) 2008 Clinical Practice Guidelines for the Prevention and Management of Diabetes in Canada include a section dedicated to diabetes and pregnancy. This chapter of the guidelines not only deals with women who develop diabetes during gestation (i.e., gestational diabetes mellitus [GDM]), but also those who have pre-existing diabetes (i.e., pregestational diabetes) and subsequently become pregnant.

As is the case with each of the chapters, the authors of the 2008 guidelines presented their key messages, which are broken down in this chapter into pregestational and gestational: 

Pregestational diabetes 

· All women with pre-existing type 1 or type 2 diabetes should receive preconception care to optimize glycemic control, assess complications, review medications and begin folate supplementation. 

· Care by an interdisciplinary diabetes healthcare team composed of diabetes nurse educators, dietitians, obstetricians and endocrinologists, both prior to conception and during pregnancy, has been shown to minimize maternal and fetal risks in women with pre-existing type 1 or type 2 diabetes. 

Gestational diabetes mellitus (GDM) 

· The suggested screening test for GDM is the Gestational Diabetes Screen, a 50-g glucose load followed by a plasma glucose test measured 1 hour later. 

· Untreated GDM leads to increased maternal and perinatal morbidity, while intensive treatment is associated with outcomes similar to control populations. 


In addition to the key messages, the authors also summarized their key recommendations, which are shown here in Table 1 (pregestational diabetes) and Table 2 (GDM). 

Table 1. Key Recommendations for Pregestational Diabetes 

	Recommendation 

	1. Women with type 1 or type 2 diabetes of reproductive age should:

a. Use reliable birth control if sexually active and if glycemic control is not optimal (Grade D, Consensus)
b. Be counselled about the necessity of good glycemic control and the need to stop potentially embryopathic drugs prior to pregnancy (Grade D, Consensus) 

	2. Before attempting to become pregnant, women with type 1 or type 2 diabetes should:

a. Receive preconception counselling regarding optimal diabetes management and nutrition, preferably in consultation with an interdisciplinary pregnancy team, to optimize maternal and neonatal outcomes (Grade C, Level 3)

b. Strive to attain a preconception A1C ≤ 7.0% (< 6.0% if safely achievable) to decrease the risk of:
i. Spontaneous abortions (for type 1: Grade C, Level 3; for type 2: Grade D, Consensus)
ii. Congenital malformations (Grade C, Level 3)
iii. Pre-eclampsia (Grade C, Level 3)
iv. Progression of retinopathy in pregnancy (for type 1: Grade A, Level 1A; for type 2: Grade D, Consensus)

c. Supplement their diet with multivitamins containing 5 mg folic acid at least 3 months preconception and continuing until at least 12 weeks postconception (Grade D, Consensus) . From 12 weeks postconception and throughout the pregnancy, the first 6 weeks postpartum and as long as breastfeeding continues, supplementation should consist of a multivitamin with 0.4 to 1.0 mg folic acid (Grade D, Consensus)

d. Discontinue medications considered to be potentially embryopathic, including any from the following classes:
i. ACE inhibitors and ARBs (Grade C, Level 3). In the setting of hypertension, these may be replaced with antihypertensives that are known to be safe in pregnancy (calcium channel blockers, beta-blockers, labetalol, hydralazine and methyldopa) (Grade D, Consensus)
ii. Statins (Grade D, Level 4)

e. Undergo an ophthalmologic evaluation by an eye care specialist. Repeat assessments should be performed during the first trimester, as needed during the rest of pregnancy, and within the first year postpartum (Grade A, Level 1 for type 1 diabetes; Grade D, Consensus for type 2 diabetes) 

f. Be screened for nephropathy (Grade D, Consensus). If microalbuminuria or overt nephropathy is found, glycemic and blood pressure control should be optimized to minimize maternal and fetal complications and progression of nephropathy (Grade C, Level 3) 

	3. Women with type 2 diabetes who are planning a pregnancy or become pregnant should:

a. Switch from oral antihyperglycemic agents to insulin (Grade D, Consensus). This should preferably be done prepregnancy, except in the setting of PCOS, where metformin can be safely used for ovulation induction (Grade D, Consensus). The safety of metformin beyond ovulation induction in women with type 2 diabetes remains unknown (Grade D, Consensus)
b. Receive an individualized insulin regimen to achieve glycemic targets, with consideration given to intensive insulin therapy (Grade A, Level 1) 

	4. Pregnant women with type 1 or type 2 diabetes should:

a. Strive to achieve target glucose values: 

· Fasting / preprandial PG: 3.8 to 5.2 mmol/L 

· 1h postprandial PG: 5.5 to 7.7 mmol/L 

· 2h postprandial PG: 5.0 to 6.6 mmol/L


b. Perform SMBG, both pre- and postprandially (≥ 4 times/day if needed) to achieve glycemic targets and improve pregnancy outcomes (Grade C, Level 3)

c. Receive nutrition counselling from a registered dietitian who is part of the DHC team during pregnancy (Grade C, Level 3) and postpartum (Grade D, Consensus). Recommendations for weight gain during pregnancy should be based on pregravid body mass index (BMI) (Grade D, Consensus)

d. Avoid ketosis during pregnancy (Grade C, Level 3) 

	5. Women with type 1 diabetes in pregnancy should receive intensive insulin therapy with multiple daily injections or an insulin pump to attain glycemic targets during pregnancy (Grade A, Level 1A)

	Postpartum 

	6. Women with type 1 diabetes in pregnancy should be screened for postpartum thyroiditis with a thyroid-stimulating hormone test at 6 weeks postpartum (Grade D, Consensus)


Table 2. Key Recommendations for Gestational Diabetes Mellitus 

	Recommendation 

	7. All pregnant women should be screened for GDM (Grade C, Level 3). For most women, screening should be performed between 24 and 28 weeks’ gestation (Grade D, Consensus). Women with multiple risk factors should be screened during the first trimester and, if negative, should be reassessed during subsequent trimesters (Grade D, Consensus)

	8. Screening for GDM should be conducted using the GDS – a 50-g glucose load followed by a PG test measured 1 hour later (Grade D, Level 4). If GDM is strongly suspected, an OGTT can be performed without an initial GDS (Grade D, Consensus).

	9. Women who have a positive screening test (a 1hPG of 7.8 to 10.2 mmol/L on the GDS) should undergo an OGTT in order to diagnose GDM. A value of ≥ 10.3 mmol/L is considered diagnostic of GMD, in which case an OGTT does not need to be performed (Grade D, Consensus)

	10. GDM is diagnosed when at least 2 of the following values on the OGTT are met or exceeded. If 1 value is met or exceeded, a diagnosis of IGT of pregnancy is made (Grade D, Consensus) 

· FPG: ≥ 5.3 mmol/L 

· 1hPG: ≥ 10.6 mmol/L 

· 2hPG: ≥ 8.9 mmol/L 

	11. Women with GDM should:

a. Strive to achieve target glucose values: 

· Fasting / preprandial PG 3.8 to 5.2 mmol/L 

· 1h postprandial PG 5.5 to 7.7 mmol/L 

· 2h postprandial PG 5.0 to 6.6 mmol/L 

b. Perform SMBG both pre- and postprandially (≥ 4 times per day, if needed) to achieve glycemic targets and improve pregnancy outcomes (Grade C, Level 3) 

c. Receive nutrition counselling from a registered dietitian during pregnancy (Grade C, Level 3) and postpartum (Grade D, Consensus). Recommendations for weight gain during pregnancy should be based on pregravid BMI (Grade D, Consensus)

d. Avoid ketosis during pregnancy (Grade C, Level 3) 

	12. If women with GDM do not achieve glycemic targets within 2 weeks with nutrition therapy alone, insulin therapy should be initiated (Grade D, Consensus) with up to 4 injections/day considered (Grade A, Level 1A)

	13. Glyburide (Grade B, Level 2) or metformin (Grade B, Level 2) may be considered as second-line agents in women with GDM who are nonadherent to or who refuse insulin. Glyburide may be preferred, as metformin use is more likely to need supplemental insulin for glycemic control, and metformin crosses the placenta with unknown long-term effects. Use of oral agents in pregnancy is off-label and should be discussed with the patient (Grade D, Consensus)

	Postpartum 

	14. As women who have had GDM are defined as high risk of developing subsequent type 2 diabetes, they should be re-evaluated postpartum (Grade D, Consensus). A 75-g OGTT should be performed between 6 weeks and 6 months postpartum to establish their glucose status. Women who are suspected of having had pre-existing diabetes should be monitored more closely postpartum. All women with GDM should be counselled on a healthy lifestyle. 

	15. Women with previous GDM should follow the screening and prevention guidelines for other high-risk groups screened for type 2 diabetes (Grade D, Consensus) and should be screened for type 2 diabetes when planning another pregnancy (Grade D, Consensus) 


Pre-Gestational Diabetes 

Impact. It is known that women with diabetes (both type 1 and type 2) are at higher risk of giving birth to babies with congenital malformations when A1c is elevated during pregnancy (see Towner et al, 1995). As well, there is an increased risk of stillbirth for women with both type 1 and type 2 diabetes, which is particularly elevated among women who are obese.

Preconception care. Despite these facts, however, many women (particularly those with type 2 diabetes) do not consult with their healthcare providers prior to becoming pregnant. The 2008 guidelines stress that it is imperative to communicate to women of childbearing age the negative consequences of uncontrolled hyperglycemia with respect to fetal and infant health and the importance of including a healthcare professional when planning a pregnancy. Those women who do wish to become pregnant should be advised to continue to use effective birth control until such time as the A1c is under 7.0%.

Assessment and management of complications. Preconception care should also include an evaluation of the potential for diabetes-related complications.

Cardiovascular. Women with known CVD should receive counselling about the significant risks associated with pregnancy. If the woman is receiving therapy with either an ACE inhibitor or an ARB (e.g., for hypertension), this therapy should be discontinued and replaced with methyldopa, labetolol, a calcium channel blocker, or other antihypertensive proven to be safe in pregnancy. Statins are also contraindicated during pregnancy and should be discontinued. 

Renal. Women should be screened prior to conception for chronic kidney disease. Both microalbuminuria and overt nephropathy are associated with an increased risk of maternal and fetal complications.

Ophthalmologic. Women with pre-existing diabetes should also have an eye examination before pregnancy, during the first trimester and, if needed, throughout the remainder of the pregnancy.

Management of hyperglycemia. For control of hyperglycemia, the treatment of choice during pregnancy is insulin. The 2008 guidelines suggest that short-acting analogues (aspart and lispro) and human insulin can be considered for use in pregnancy. There is insufficient evidence regarding the use of long-acting analogues, however, consideration may be given to the use of detemir in patients who cannot tolerate NPH because of nocturnal hypoglycemia. For women with type 1 diabetes, intensive therapy (using a pump or multiple daily injections) will likely be necessary. The guidelines also state that oral therapy with glyburide or metformin can be considered for those women who refuse insulin.

The glycemic targets for preconception and during pregnancy are shown in Table 3. 

Table 3. Glycemic Targets For Preconception and During Pregnancy 

	Prepregnancy A1c
	≤ 7.0%*

	During pregnancy 

	Fasting and preprandial PG
	3.8 - 5.2 mmol/L

	1h postprandial PG
	5.5 - 7.7 mmol/L

	2h postprandial PG
	5.0 - 6.6 mmol/L

	A1c
	≤ 6.0% (normal)

	*A1c ≤ 6.0% if this can be safely achieved. In some women, particularly those with type 1 diabetes, higher targets may be necessary to avoid excessive hypoglycemia. 


Self-monitoring of blood glucose during pregnancy is essential. The guidelines recommend that women monitor both pre- and post-prandially to help guide therapy and achieve glycemic targets.

Postpartum care. During the first year postpartum, the guidelines recommend that all women with type 1 diabetes be screened for postpartum thyroiditis. Following childbirth, many women with type 2 diabetes will be anxious to switch back from insulin to a regimen of oral antihyperglycemics. The oral sulfonylureas glyburide and glipizide have been found to be absent in the breast milk of nursing mothers taking these agents (Feig et al, 2005). Investigators examining the use of metformin among nursing women have also concluded that although metformin is excreted into breast milk, the amounts seem to be clinically insignificant (see Briggs et al, 2005 and Gardiner et al, 2003). A 2007 analysis of the available data for oral agents concluded that glyburide, glipizide and metformin are all compatible with breastfeeding (Feig et al, 2007). 

Prevalence in Canada. In Canada, the prevalence of GDM has been reported to be 3.7% in the non-Aboriginal population and substantially higher (between 8.0% and 18.0%) among Aboriginal populations.

Impact. Women with GDM are at increased risk for a number of undesirable cardiometabolic conditions, including type 2 diabetes, impaired fasting glucose (IFG), impaired glucose tolerance (IGT) and lipid abnormalities.

Potential complications for the baby include macrosomia (associated with risk of fetal and maternal trauma during birth), neonatal hypoglycemia, neonatal hypocalcemia, hyperbilirubinemia and respiratory distress syndrome. In addition, babies born to women with GDM have an increased risk of developing obesity and glucose intolerance in the long term.

Screening. Due to the potential complications associated with GDM, the authors of the 2008 guidelines recommend that screening be performed for all women between 24 and 28 weeks’ gestation. The screening test should be performed earlier (during the first trimester) in women with multiple risk factors for GDM.

Given the fact that results of the Hyperglycemia and Adverse Pregnancy Outcomes (HAPO) study will likely lead to an international consensus regarding screening and diagnostic criteria, until these are published, our Canadian recommendations remain largely unchanged from the 2003 CDA guidelines.

The recommended test used to screen for GDM is a 1-hour plasma glucose (1hPG) measurement following a 50-g glucose load. This can be administered at any time of the day. If the test shows a 1hPG ≥10.3 mmol/L, GDM is confirmed. If the result is between 7.8 and 10.2 mmol/L, a subsequent 75-g oral glucose tolerance test (OGTT) should be conducted to further investigate. The full algorithm for screening and diagnosis is shown in Figure 1.

Figure 1. Recommendations for Screening and Diagnosis of GDM
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Glycemic targets. The goal is a preprandial glucose of 3.8 to 5.2 mmol/L, a one-hour postprandial glucose of 5.5 to 7.7 mmol/L and a two-hour postprandial glucose of 5.0 to 6.6 mmol/L. 

Self-monitoring. All women with GDM should be counselled to monitor their fasting blood glucose (FBG) and postprandial home blood glucose (BG) and instructed on how to make the necessary meal plan and insulin adjustments to achieve glycemic targets and weight gain goals.

Lifestyle interventions. The primary therapy in GDM is nutritional intervention. All women with GDM should see a registered dietitian to help develop (and, if necessary) adjust a comprehensive meal plan. Physical activity should also be encouraged; the type, frequency, duration and intensity should be tailored to suit the individual’s obstetric risk.

Pharmacotherapy is recommended for women with GDM if they do not achieve glycemic targets within two weeks after initiating nutrition therapy. As was the case with the 2003 guidelines, insulin remains the initial treatment of choice to reduce fetal and maternal morbidities (see Hadden et al, 2001 and Langer et al, 1989). However, due to evidence that has emerged since 2003, there are some differences about the type of insulin that should be selected.

The short-acting insulin analogues (aspart and lispro) do not appear to cross the placenta and have demonstrated their efficacy and safety in clinical trials. Insulin aspart, for example, was evaluated by Pettitt et al in a randomized, parallel-group, open-labelled trial involving 27 women with GDM. These women randomly received either aspart 5 minutes before meals or human insulin 30 minutes before meals. The investigators reported that the change from baseline values for average glucose (Figure 2) and C-peptide were significantly lower after aspart treatment than human insulin treatment. No major hypoglycaemic events were reported in either group during the study.

Figure 2. Mean Glucose Concentrations During a 4-hour Meal Test with Insulin Aspart or Regular Human Insulin
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Another study (DiCianni, 2007) prospectively compared the use of human insulin with aspart or lispro in 96 women with GDM who failed to achieve glycemic goals on lifestyle interventions. The investigators reported that there were no between-group differences with respect to duration of insulin therapy, insulin dose, weight gain, fasting plasma glucose or A1c were registered. However, one-hour postprandial glucose levels following breakfast were significantly higher in patients receiving human insulin than those receiving lispro or aspart.

As a result of studies such as these, the short-acting analogues may be considered as potential first-line choices when insulin therapy is required for GDM, although improvements in fetal outcomes have not been demonstrated.

While the standard of care in GDM is insulin therapy, the 2008 guidelines do state that oral therapy with glyburide may be considered in those who are intolerant or will not take insulin. Metformin may also be considered, although because it does cross the placental barrier, glyburide may be preferred.

Postpartum follow-up. All women with GDM should be re-evaluated within six months after giving birth with a 2 hr 75g OGTT. Since these women are now considered to be high risk for type 2 diabetes, they should be monitored and screened as such throughout the course of their lives. Also, those women who have experienced GDM should be advised to include their healthcare provider(s) in the planning for all subsequent pregnancies. 

Practice Tips for Physicians
· All pregnant women should be screened for GDM by means of a 50 g glycemic load at 24-28 weeks if there are no significant risk factors; those with multiple risk factors should be screened during the first trimester. 

· Lifestyle interventions should be initiated first for women with GDM. 

· Insulin therapy should be initiated if lifestyle interventions are insufficient after two weeks. 

· Women with type 2 diabetes should be switched from oral therapy to insulin, ideally prior to pregnancy. 

· In women who cannot tolerate NPH because of nocturnal hypoglycemia, consideration may be given to the use of detemir, following a discussion of the risks and benefits. 

· In women with GDM not well controlled on diet therapy, insulin therapy is the first choice. However, oral therapy including glyburide or metformin may be considered in those who refuse insulin. 

· Glyburide, glipizide and metformin are all considered safe for nursing mothers. 

Practice Tips for Pharmacists
· Insulin is considered the safest and most effective antihyperglycemic for use in pregnancy. 

· Glyburide does not cross the placental barrier. Despite good glucose levels, some studies report more adverse perinatal outcomes in women treated with glyburide than with insulin. Glyburide may be considered a second line agent in women with GDM who are nonadherent to or who refuse insulin. It is not approved for use in pregnancy in Canada. 

· Metformin crosses the placental barrier. Metformin use is more likely to need supplemental insulin for glycemic control and long-term effects are unknown. It may be considered as a second-line agent in women with GDM who are nonadherent to or who refuse insulin. It is not approved for use in pregnancy in Canada. 

· For breastfeeding mothers, glyburide, and metformin are considered to be safe. 

· All women of child-bearing potential should be counselled on the teratogenic effects of ACE Inhibitors and angiotensin II receptor blockers (ARBs) which have been seen following exposure in first, second and third trimesters. 

· Statins, ACE Inhibitors and ARBs should be avoided in women who are pregnant or who are trying to become pregnant. 

Practice Tips for Diabetes Educators
· Women with GDM require instructions on self monitoring and on how to make therapeutic adjustments when necessary. 

· Women who have experienced GDM should be advised to include their healthcare provider(s) in the planning for all subsequent pregnancies. 

· Women with type 1 or 2 diabetes who wish to become pregnant should be advised to continue to use effective birth control until such time as the A1c is under 7.0%. 

· All women with diabetes in child bearing age should be counselled on the importance of pre-pregnancy planning. 

· All women planning pregnancy should be made aware of the glycemic targets for preconception. 

Practice Tips for Dietitians
· All women with diabetes who could become pregnant should supplement their diet with 400 mcg of folic acid. 

· All women with diabetes who could become pregnant should be counselled to achieve optimal glucose control prior to conception. 

· All pregnant women with diabetes should supplement their diet with multivitamins containing 5 mg folic acid at least 3 months preconception and continuing until at least 12 weeks postconception (Grade D, Consensus). From 12 weeks postconception and throughout the pregnancy, the first 6 weeks postpartum and as long as breastfeeding continues, supplementation should consist of a multivitamin with 0.4 to 1.0 mg folic acid (Grade D, Consensus). 

· Weight gain and energy intake for women with diabetes should take into consideration pre-pregnancy weight. 

· Weight loss and ketonemia should be avoided. Ketones may be monitored to ensure that adequate calories are provided. 

· Nutritional requirements for a pregnant women with diabetes are the same as a women without diabetes. 

· The amount of carbohydrate and distribution should be individualized. In general low glycemic index carbohydrates should be encouraged. 

· Carbohydrates should be distributed over the day between 3 meals and 2-4 snacks. 

· The carbohydrate component of breakfast may need to be reduced, related to glucose intolerance at that time of day. 

· A minimum of 175 grams of carbohydrate should be provided. 

· Exercise may be utilized to lower both fasting and post prandial glucose. 

· Sweeteners such as sucralose, aspartame, and acesulfame potassium are considered safe in pregnancy. Saccharin and cyclamate are not recommended. 

· All women with gestational diabetes postpartum should be encouraged to adopt a healthy lifestyle including weight loss and exercise to reduce the risk of developing diabetes later in life. 

