DIABETES MELLITUS & PREGNANCY
Definitions

· Gestational diabetes mellitus (GDM) is defined as glucose intolerance of variable degree with onset or first recognition during pregnancy. 
· The above definition applies regardless of whether insulin or only diet modification is used for treatment or whether the condition continues after pregnancy
Epidemiology

· Abnormal maternal glucose regulation occurs in 3-10% of pregnancies

· Studies suggest that the prevalence of diabetes mellitus (DM) among women of childbearing age is increasing in the United States. 

· This increase is believed to be attributable to more sedentary lifestyles, changes in diet, continued immigration from high-risk populations, and the virtual epidemic of childhood and adolescent obesity that is presently evolving in United States. 

· Gestational diabetes mellitus accounts for 90% of cases of diabetes mellitus in pregnancy. 

· Type II diabetes mellitus accounts for 8% of cases of diabetes mellitus in pregnancy, and given its increasing incidence, preexisting diabetes mellitus now affects 1% of pregnancies

· Preexisting diabetes (i.e. diabetes diagnosed prior to pregnancy) affects approximately 1-3 pregnancies per 1000 births.
· GDM complicates approximately 4% of pregnancies
· Infants of mothers with preexisting diabetes experience double the risk of serious injury at birth, triple the likelihood of cesarean delivery, and quadruple the incidence of newborn intensive care unit admission. 

· Studies indicate that the risk of these morbidities is directly proportional to the degree of maternal hyperglycemia. 

· For this reason, the excessive fetal and neonatal morbidity attributable to diabetes in pregnancy should be considered preventable with early diagnosis and effective treatment therapies
· A study reported in 2007 has demonstrated and increased incidence of gestational diabetes mellitus in women receiving prophylactic 17 alpha-hydroxyprogesterone caproate for the prevention of recurrent preterm delivery (from 4.9% in control to 12.9% in treated patients).
Physiology 
· Deterioration of glucose tolerance occurs normally during pregnancy. 

· Significant metabolic changes are necessary to provide proper energy delivery to the growing conceptus. 

· Hormones associated with pregnancy such as human placental lactogen (HPL) and cortisol lower glucose levels, promote fat deposition, and stimulate appetite. 

· Rising serum levels of estrogen and progesterone increase insulin production and secretion while increasing tissue sensitivity to insulin. 

· The overall result is a lowering of the fasting glucose levels, reaching a nadir by the 12th week. 

· The decrease is on average 15 mg/dL; thus fasting values of 70-80 mg/dL are normal in a pregnant woman by the 10th week of gestation. 

· There is a comparable decrease in postprandial values. 

· This acts to protect the developing embryo from elevated glucose levels.

· In the second trimester, higher fasting and postprandial glucose levels are seen. 

· This facilitates the placental transfer of glucose. 

· Glucose transfer is via a carrier-mediated active transport system that becomes saturated at 250 mg/dL.

· Fetal glucose levels are 80% of maternal values. 

· In contrast, maternal amino acid levels are lowered during the second trimester by active placental transfer to the fetus. 

· Fetal levels of amino acids are 2- to 3-fold higher than maternal levels, but not as high as levels within the placenta. 

· Lipid metabolism in the second trimester shows continued storage until midgestation; then, as fetal demands increase, there is enhanced mobilization (lipolysis).

· HPL is the hormone mainly responsible for insulin resistance and lipolysis. 

· HPL also decreases the hunger sensation and diverts maternal carbohydrate metabolism to fat metabolism in the third trimester.

· HPL levels are elevated during hypoglycemia to mobilize free fatty acids for energy for maternal metabolism. HPL levels are low with maternal hyperglycemia. 

· HPL is similar in structure to growth hormone and acts by reducing the insulin affinity to insulin receptors. 

· The effect on the fetus is to allow longer glucose elevations for placental transfer to the developing fetus and minimizing maternal use of glucose for metabolic needs.

· During pregnancy, the levels of HPL rise steadily during the first and second trimesters with a plateau in the late third trimester. 

· This plateau is the natural result of decreasing nutrient delivery to the placenta, thus decreasing hormone production.

· It appears that this is a necessary signal to the developing fetus to initiate fetal cortisol and thyroid hormone release to in turn initiate enzyme development for maturation. 

· In pregnancies with elevated glucose and other nutrients, there is continued placental growth with a delay in fetal organ/hormonal maturation

· Cortisol levels rise during pregnancy and stimulate endogenous glucose production and glycogen storage and decrease glucose utilization. 

· The "dawn phenomenon" (elevated fasting glucose to facilitate brain metabolism) is marked in normal pregnancies and is even more enhanced in women with polycystic ovarian syndrome (PCOS) who become pregnant.
Pathophysiology

· With each feeding, the pregnant woman undergoes a complex series of maternal hormonal actions (i.e. a rise in blood glucose; the secondary secretion of pancreatic insulin, glucagon, somatomedins, and adrenal catecholamines). 

· These adjustments ensure that an ample, but not excessive, supply of glucose is available to the mother and fetus. 

· The key features of this complex interaction include the following

· Compared to nonpregnant subjects, pregnant women tend to develop hypoglycemia (plasma glucose mean = 65-75 mg/dL) between meals and during sleep. 
· This occurs because the fetus continues to draw glucose across the placenta from the maternal bloodstream, even during periods of fasting. 
· Interprandial hypoglycemia becomes increasingly marked as pregnancy progresses and the glucose demand of the fetus increases. 

· Levels of placental steroid and peptide hormones (e.g. estrogens, progesterone, and chorionic somatomammotropin) rise linearly throughout the second and third trimesters. 
· Because these hormones confer increasing tissue insulin resistance as their levels rise, the demand for increased insulin secretion with feeding escalates progressively during pregnancy. 
· Twenty-four–hour mean insulin levels are 50% higher in the third trimester compared to the nonpregnant state. 

· If the maternal pancreatic insulin response is inadequate, maternal and, then, fetal hyperglycemia results. 
· This typically manifests as recurrent postprandial hyperglycemic episodes. 
· These postprandial episodes are most significantly accountable for the accelerated growth exhibited by the fetus. 

· Surging maternal and fetal glucose levels are accompanied by episodic fetal hyperinsulinemia. 
· Fetal hyperinsulinemia promotes excess nutrient storage, resulting in macrosomia. 
· The energy expenditure associated with the conversion of excess glucose into fat causes depletion in fetal oxygen levels.  

· These episodes of fetal hypoxia are accompanied by surges in adrenal catecholamines, which, in turn, cause hypertension, cardiac remodeling and hypertrophy, stimulation of erythropoietin, red cell hyperplasia, and increased hematocrit. 
· Polycythemia (hematocrit >65%) occurs in 5-10% of newborns of diabetic mothers.
· This finding appears to be related to the level of glycemic control and is mediated by decreased fetal oxygen tension. 
· High hematocrit values in the neonate lead to vascular sludging, poor circulation, and postnatal hyperbilirubinemia. 

· During a healthy pregnancy, mean fasting blood sugar levels decline progressively to a remarkably low value of 74 ± 2.7 (SD) mg/dL. 
· On the other hand, peak postprandial blood sugar values rarely exceed 120 mg/dL. 
· Meticulous replication of the normal glycemic profile during pregnancy has been demonstrated to reduce the macrosomia rate. 
· Specifically, when 2 hour postprandial glucose levels are maintained less than 120 mg/dL, approximately 20% of fetuses demonstrate macrosomia. 
· Conversely, if postprandial levels range up to 160 mg/dL, macrosomia rates rise to 35%. 

Clinical features 

History

Fetal morbidity with diabetes during pregnancy 

· Miscarriages: In all women with preexisting diabetes mellitus, there is a 9-14% rate of miscarriage. 

· Birth defects: Among the general population, major birth defects occur in 1-2% of the population. 
· In women with overt diabetes and suboptimal glycemic control prior to conception, the likelihood of a structural anomaly is increased 4- to 8-fold. 

· Two-thirds of anomalies involve the cardiovascular and central nervous systems. 
· Periconceptional glycemic control is the main determinant of abnormal fetal development in diabetic women. 

· Because birth defects occur during the critical 3-6 weeks after conception, nutritional and metabolic intervention must be initiated well before pregnancy begins. 
· Growth restriction: Although most fetuses of diabetic mothers exhibit growth acceleration, growth restriction occurs with significant frequency in pregnancies in women with preexisting type 1 diabetes.  

· The most import predictor of fetal growth restriction is underlying maternal vascular disease.  
· Specifically, pregnant patients with diabetes-associated retinal or renal vasculopathies and/or chronic hypertension are most at risk for growth restriction.  

· Growth acceleration: Excessive body fat stores, stimulated by excessive glucose delivery during diabetic pregnancy, often extends into childhood and adult life. 

· Approximately 30% of fetuses of women with diabetes mellitus in pregnancy are large for gestational age (LGA). 
· In preexisting diabetes mellitus this incidence appears slightly higher, 38%. 
· Fetal obesity:  In pregnant diabetic women, macrosomia occurs in 15-45% of cases, a 3-fold increase from normoglycemic controls. 

· Birth injury, including shoulder dystocia and brachial plexus trauma, are more common among infants of diabetic mothers, and macrosomic fetuses are at the highest risk. 

· Metabolic syndrome: The childhood metabolic syndrome includes childhood obesity, hypertension, dyslipidemia, and glucose intolerance. 
· Role of glucose levels: Excess nutrient delivery to the fetus causes macrosomia and truncal fat deposition
· Role of maternal obesity: Maternal obesity has a strong and independent effect on fetal macrosomia. 
· Birthweight is largely determined by maternal factors other than hyperglycemia, with the most significant influences being gestational age at delivery, prepregnancy maternal body mass index (BMI), maternal height, pregnancy weight gain, the presence of hypertension, and cigarette smoking. 

Perinatal morbidity and birth injury
· Perinatal mortality: Perinatal mortality rates among women who are diabetic remain approximately twice those observed in the nondiabetic population. 

· Congenital malformations, respiratory distress syndrome (RDS), and extreme prematurity account for most perinatal deaths in contemporary diabetic pregnancies. 
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· Birth injury: Injuries of birth, including shoulder dystocia and brachial plexus trauma, are more common among infants of diabetic mothers, and macrosomic fetuses are at the highest risk. 

· Common birth injuries associated with diabetes are brachial plexus, facial nerve injury, and cephalohematoma.

· Polycythemia: A central venous hemoglobin concentration greater than 20 g/dL or a hematocrit value greater than 65% (polycythemia) is not uncommon in infants of diabetic mothers and is related to glycemic control. 

· Hyperglycemia is a powerful stimulus to fetal erythropoietin production mediated by decreased fetal oxygen tension. 

· Untreated neonatal polycythemia may promote vascular sludging, ischemia, and infarction of vital tissues, including the kidneys and central nervous system.

· Hypoglycemia: Aproximately 15-25% of neonates delivered from women with diabetes during gestation develop hypoglycemia during the immediate newborn period.
· Unrecognized postnatal hypoglycemia may lead to neonatal seizures, coma, and brain damage.

· Neonatal hypocalcemia: Up to 50% of infants of diabetic mothers have low levels of serum calcium (<7 mg/100 mL). 
· These changes in calcium appear to be attributable to a functional hypoparathyroidism, though the exact pathophysiology is not well understood.

· Postnatal hyperbilirubinemia: Hyperbilirubinemia occurs in approximately 25% of infants of diabetic mothers, a rate approximately double that in a healthy population. 
· The causes of hyperbilirubinemia in infants of diabetic mothers are multiple, but prematurity and polycythemia are the primary contributing factors. 

· Respiratory problems: Respiratory distress syndrome continues to be a relatively preventable complication. 

· The majority of the literature indicates a signiﬁcant biochemical and physiological delay in infants of diabetic mothers. 
· The nondiabetic fetus achieves pulmonary maturity at a mean gestational age of 34-35 weeks. 
Maternal morbidity 

· Diabetic retinopathy: A prospective study showed that while half the patients with preexisting retinopathy experienced deterioration during pregnancy, all the patients had partial regression following delivery and returned to their prepregnant state by 6 months postpartum. 

· Renal function: In general, patients with underlying nephropathy can expect varying degrees of deterioration of renal function during a pregnancy.  
· As renal blood flow and glomerular filtration rate increase 30-50% during pregnancy, the degree of proteinuria will also increase.  

· Perinatal complications are greatly increased in patients with diabetic nephropathy. 
· Chronic hypertension: Patients with underlying renal or retinal vascular disease are at a substantially higher risk, with 40% having chronic hypertension. 

· Preeclampsia: Preeclampsia is more frequent among women with diabetes, occurring in approximately 12% as compared to 8% of the nondiabetic population. 
Physical
Diagnosing diabetes 
· Patients with type 1 diabetes are typically diagnosed during an episode of hyperglycemia, ketosis, and dehydration; this occurs most commonly in childhood or adolescence, before pregnancy. 
· Diagnosing type 2 insulin-resistant diabetes is difficult during pregnancy because severe forms of gestational diabetes mellitus have similar clinical characteristics. 
· Although a first-trimester HbA1C value of 8% is highly suggestive of preexisting type 2 diabetes, definitive diagnosis of type 2 diabetes must be made after pregnancy using the 75-gram, 2-hour glucose tolerance test.
· According to the American Diabetes Association "Standards of Medical Care in Diabetes--2007," diagnostic criteria for diabetes mellitus are as follows, and one of the following must be met 

· Symptoms of diabetes and casual plasma glucose greater than 200 mg/dL (11.1 mmol/L). Casual is defined as any time of day without regard to time since last meal. The classic symptoms of diabetes include polyuria, polydipsia, and unexplained weight loss. 

· Fasting plasma glucose greater than 126 mg/dL (7.0 mmol/L).  Fasting is defined as no caloric intake for at least 8 h. 

· Two-hour plasma glucose greater than 200 mg/dL (11.1 mmol/L) during a 75 g, 2-hour oral glucose tolerance test (OGTT).

· In the absence of unequivocal hyperglycemia with acute metabolic decompensation, the diagnosis should be confirmed by repeat testing on a different day. 

· Prediabetes is a term used to distinguish people who are at increased risk of developing diabetes. 
· People with prediabetes have impaired fasting glucose (IFG) or impaired glucose tolerance (IGT). 
· Some people may have both impaired fasting glucose and impaired glucose tolerance.  

· Impaired fasting glucose is a condition in which the fasting blood sugar level is elevated (100-125 mg/dL) after an overnight fast but is not high enough to be classified as diabetes. 

· Impaired glucose tolerance is a condition in which the blood sugar level is elevated (140-199 mg/dL after a 2-h oral glucose tolerance test) but is not high enough to be classified as diabetes. 
· Patients with prediabetes identified prior to pregnancy should be considered at extremely high risk of developing gestational diabetes mellitus during pregnancy. 
Screening for gestational diabetes mellitus (GDM)  

· Gestational diabetes mellitus only occurs during pregnancy. 
· The diagnosis is established by glucose tolerance testing. 

· Risk factors for gestational diabetes include advanced maternal age, ethnicity, obesity, obstetrical history of diabetes or macrosomia, and strong family history of diabetes.  

· The best method for diagnosing gestational diabetes mellitus continues to be controversial. 
· The 2-step system is currently recommended in the United States. 
· A 50-gram 1-hour glucose challenge test (GCT) is administered to all pregnant women at 26-28 weeks, followed by a 100-gram, 3-hour oral glucose tolerance test (OGTT) for those with an abnormal screening result. 
· Alternatively, for high risk women, a one-step approach can be used by proceeding directly to the 100-g, 3-hour OGTT.  

· Oral Glucose Tolerance Test For Gestational Diabetes can be summarized as follows: 

· One-hour 50-g glucose challenge result greater than 130 mg/dL 

· Overnight fast of 8–14 hours 

· Carbohydrate loading 3 days including more than 150 g carbohydrate 

· Seated, not smoking during the test 

· Two or more values must be met or exceeded for the diagnosis of gestational diabetes.

Classification:

Modified White's classification of diabetes mellitus

Class A: 

· Chemical diabetes diagnosed before pregnancy 
· Managed by diet alone 
· Any age of onset or duration 
Class B:

· Insulin treatment necessary before pregnancy
· Onset after age 20
· Duration of less than 10 years
Class C: 

· Onset at age 10-19
· Duration of 10-19 years
Class D: 
· Onset before age 10
· Duration of 20 or more years
· Chronic hypertension
· Background retinopathy
Class F: 
· Renal disease
Class H: 
· Coronary artery disease 
Class R: 
· Proliferative retinopathy. 
Class T: 
· Renal transplant.

Evaluation:

· Initial evaluation, if the patient was not seen preconceptionally, includes assessment for other organ damage.

· The usual evaluation includes an ophthalmologic examination for evidence of retinopathy.

· The renal status is evaluated by a 24-hour urine test for creatinine clearance and total protein. 
· If the protein value is less than 200 mg, a 24-hour urine test for microalbuminuria should be considered, because microalbuminuria is associated with increased future vascular disease. 

· An electrocardiogram should be done on patients with disease duration of 5 years or those who are over the age of 30.
· All patients should have a detailed ultrasound examination with fetal echocardiography at 18-20 weeks to rule out anomalies, as well as an AFP (alpha-fetoprotein) or TriScreen at 16-18 weeks' gestation due to the increased rate of congenital anomalies in the offspring of diabetics

· Fetal surveillance is increased at 32 weeks' gestation if vascular disease is present. This is accomplished with ultrasound amniotic fluid assessments until 36 weeks, then biweekly unless contraction stress tests are done weekly.
Treatment

Prepregnancy management of women with preexisting diabetes 
· If a reduction in diabetes-associated neonatal morbidity is to be achieved, counsel the patient before conception and perform a medical risk assessment in all women with overt diabetes and those with a history of gestational diabetes mellitus during a previous pregnancy.   

· Key features of an effective diabetes management program 

· Perform a thorough assessment of cardiovascular, renal, and ophthalmologic status. 

· Institute a regimen of frequent and regular monitoring of both preprandial and postprandial capillary glucose levels. 
· Controversy exists as to whether the target glucose levels to be maintained during diabetic pregnancy should be designed to limit macrosomia or to closely mimic nondiabetic pregnancy proﬁles. 
· The Fifth International Workshop Conference on Gestational Diabetes currently recommends the following: 

· Fasting plasma glucose –90-99 mg/dL (5.0–5.5 mmol/L) and 

· One-hour postprandial plasma glucose less than 140 mg/dL (7.8 mmol/L) or 

· Two-hour postprandial plasma glucose less than 120-127 mg/dL (6.7–7.1 mmol/L) 

· The insulin regimen should result in a smooth glucose profile throughout the day, with no hypoglycemic reactions between meals or at night. 
· Initiate the regimen early enough before pregnancy so that the glycohemoglobin level (<6.5%) is lowered into the reference range for at least 3 months before conception. 

· Patients should take a prenatal vitamin containing at least 1.0 mg of folic acid daily for at least 3 months prior to conception to minimize the risk of neural tube defects in the fetus. 

· The development of family, financial, and personal resources necessary to achieve successful pregnancy is important. 
· Pay particular attention to support systems that permit extended bedrest in the third trimester if necessary. 

Pregnancy management of women with diabetes mellitus  

Dietary therapy: 

· The goal of dietary therapy is to avoid single large meals and foods with a large percentage of simple carbohydrates. 
· A total of 6 feedings per day is preferred, with 3 major meals and 3 snacks to limit the amount of energy intake presented to the bloodstream at any interval. 
· Examples include foods with complex carbohydrates and cellulose, such as whole grain breads and legumes. 

· Carbohydrates should account for no more than 50% of the diet, with protein and fats equally accounting for the remainder.
· However, moderate restriction of carbohydrates to 35–40% has been shown to decrease maternal glucose levels and improve maternal and fetal outcomes
Glucose monitoring   
· The availability of capillary glucose test strips has revolutionized the management of diabetes, and these should now be considered the standard of care for pregnancy monitoring. 
· The discipline of measuring and recording blood glucose levels prior to and after meals clearly has a positive effect on improving glycemic control. 

· Individualize the frequency and timing of home glucose monitoring. 
· A typical schedule involves capillary glucose checks upon awakening in the morning, 1 hour after breakfast, before and after lunch, before dinner, and at bedtime. 
· Superb glycemic control requires attention to both preprandial and postprandial glucose levels.  

Insulin therapy   

· The goal of insulin therapy during pregnancy is to achieve glucose profiles similar to those of nondiabetic pregnant women. 
· Insulins lispro, aspart, regular and NPH are well-studied in pregnancy and regarded as safe and efficacious.  
· As pregnancy progresses, the increasing fetal demand for glucose fasting and the progressive lowering of fasting and between-meal blood sugar levels increases the risk of symptomatic hypoglycemia 
Oral hypoglycemic agents – Glyburide
· Interest in the second-generation oral sulfonyurea, glyburide, has been rekindled following reports of its effectiveness and safety    

· Glyburide is minimally transported across the human placenta.  
· Glyburide should not be used in the first trimester because its effects, if any, on the embryo are unknown.  
· Success rates for achieving glycemic control with glyburide vary from 79-86%. 
· Glyburide has been shown to be safe in breastfeeding, with no transfer into human milk. 

Oral hypoglycemic agents — Metformin   

· Metformin is a biguanide, which functions mainly by decreasing hepatic glucose output. 

· Metformin crosses the placenta and cord levels have demonstrated even higher levels than maternal levels
Timing and route of delivery   

· Select the timing of delivery to minimize morbidity for the mother and fetus. 
· Delaying delivery to as near as possible to the expected date of confinement helps maximize cervical maturity and improves the chances of spontaneous labor and vaginal delivery. 
· However, the risks of advancing fetal macrosomia, birth injury, and in utero demise increase as the due date approaches. 

· Although delivery as early as 37 weeks might reduce the risk of shoulder dystocia, a concomitant increase in the incidence of failed labor inductions and poor neonatal pulmonary status would also occur. 
· If the fetus is not macrosomic and results from biophysical testing are reassuring, the obstetrician can await spontaneous labor. 
· In patients with gestational diabetes mellitus and superb glycemic control, continued fetal testing and expectant management can be considered until 41 weeks' gestation. 
· In the fetus with an abdominal circumference significantly larger than the head circumference or an estimated fetal weight above 4000 grams, consider induction. 
· After 40 or more weeks, the benefits of continued conservative management are likely to be less than the danger of fetal compromise. 
· Induction of labor before 41 weeks' gestation in pregnant women with diabetes, regardless of the readiness of the cervix, is prudent. 

· An optimal time for delivery of most diabetic pregnancies is typically on or after the 39th week. 
· Deliver a patient with diabetes before 39 weeks' gestation without documented fetal lung maturity only for compelling maternal or fetal indications. 
· For elective induction prior to 38.5 weeks, fetal lung maturity should be verified via amniocentesis. 

· Because the risk of shoulder dystocia and fetal injury in labor is increased 3-fold in diabetic pregnancy, elective cesarean section should be considered if the fetus is suspected to be significantly obese. 
· The American College of Obstetricians and Gynecologists recommends offering diabetic patients cesarean delivery if the fetal weight is estimated to be 4500 grams or more. 
Drugs

· Insulin: 0.5-1 U/kg/d SC in divided doses; base dose on IBW; titrate dose to maintain a premeal and bedtime glucose level of 80-110 mg/dL; combine short- and longer-acting insulin to maintain blood glucose within target
Complications

Congenital anomalies of infants of diabetic mothers. 

Skeletal and CNS 
· Caudal regression syndrome 

· Neural tube defects excluding anencephaly 

· Anencephaly with or without herniation of neural elements 

· Microcephaly 

Cardiac 

· Transposition of the great vessels with or without ventricular septal defect 

· Ventricular septal defects 

· Coarctation of the aorta with or without ventricular septal defect or patent ductus arteriosus 

· Cardiomegaly 

Renal anomalies 

· Hydronephrosis 

· Renal agenesis 

· Ureteral duplication 

Gastrointestinal 

· Duodenal atresia 

· Anorectal atresia 

· Small left colon syndrome 

Other 

· Single umbilical artery

