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Abstract and Introduction 

Abstract 

Objective: To provide information on the use of oral antidiabetic agents in pregnancy 
and breast-feeding.  
Data Sources: Primary articles were identified by a MEDLINE search (1966-March 
2007) using the MeSH headings: pregnancy in diabetics, pregnancy, polycystic ovary 
syndrome, hypoglycemic agents, glipizide, glyburide, metformin, rosiglitazone, 
pioglitazone, clinical trial, controlled clinical trial, multicenter study, randomized 
controlled trial, case-control studies, and cohort studies.  
Study Selection and Data Extraction: All studies using oral antidiabetic agents in 
pregnancy were evaluated and relevant data were included in the discussion.  
Data Synthesis: Studies of glyburide and glipizide have found little or no transfer of 
these drugs across the placenta, whereas metformin and rosiglitazone cross readily. 
Animal studies have found no evidence to suggest that glyburide, glipizide, metformin, 
or rosiglitazone are teratogenic. In gestational diabetes, glyburide was safe and 
efficacious; however, 16-19% of women failed to achieve optimal glucose control. No 
developmental toxicity in infants was observed when metformin was used before and 
throughout pregnancy in women with polycystic ovarian syndrome (PCOS). Some of the 
studies involving patients with type 2 diabetes had methodological problems. A 
randomized controlled trial using metformin for gestational diabetes in the third trimester 
is underway. The human information is inadequate to evaluate the risk of glipizide or the 
thiazolidinediones in pregnancy. In breast milk, 3 studies measured nonsignificant 
amounts of metformin and one study was unable to detect either glyburide or glipizide.  
Conclusions: Neither glyburide nor metformin has caused developmental toxicity in 
humans. Glyburide has been used for the treatment of gestational diabetes, and 
metformin has been used in women with PCOS who eventually became pregnant. 
Additional trials are needed to better define the benefits and risks of oral antidiabetic 
agents in pregnancy. Metformin, glyburide, and glipizide appear to be compatible with 
breast-feeding. 

Introduction 
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Insulin has long been the mainstay of treatment for women with gestational diabetes 
and type 2 diabetes in pregnancy. Although oral antidiabetic agents (OAAs) were used 
in these patients in the 1970s and 1980s, concerns arose from some studies that found 
increased rates of perinatal mortality and neonatal hypoglycemia.[1-6] Because of these 
concerns, the use of OAAs in pregnancy was strongly discouraged. However, more 
recent data on oral agents in women with gestational diabetes and polycystic ovarian 
syndrome (PCOS) suggest that an important paradigm shift is occurring regarding their 
use in pregnancy. 

The objective of this review was to examine the recent evidence regarding the safety of 
oral agents in pregnancy and lactation, including their transfer across the placenta or 
into breast milk, possible teratogenicity, and potential developmental consequences of 
drug exposure. 

Do All Oral Antidiabetic Agents Cross the Placenta? 

The basis for the long-standing apprehension for use of OAAs during pregnancy stems 
from the assumption that these drugs cross the placenta.[7] It has been hypothesized 
that placental transfer results in stimulation of the fetal pancreas and subsequent 
fetal/neonatal hypoglycemia.[4-6] However, during the past decade, it has become 
evident that not all OAAs cross the placenta equally, and some do not cross at all. 

Sulfonylureas 

Sulfonylureas act by increasing insulin secretion from the pancreas. They bind to the 
sulfonylurea receptor on the pancreatic ß cells, leading to inhibition of the potassium 
channel and reduction of the resting membrane potential.[8] This leads to the opening of 
the calcium channel and an increase in intracellular calcium, resulting in the release of 
insulin from secretory granules. Elliot et al.[7] tested 4 sulfonylureas for placental transfer 
using the human placental cotyledon perfusion model. This model replicates the in vivo 
situation more closely than do subcellular or cell culture systems, obviating the need for 
human in vivo studies and avoiding the inappropriate use of animal models.[9] The 
investigators found that, while the first-generation sulfonylureas crossed the placenta 
readily (21.5% for tolbutamide, 11% for chlorpropamide), the second-generation 
sulfonylureas crossed to a much lesser extent (glipizide 6.6%).[7] In particular, a small 
percentage (3.9%) of glyburide (glibenclamide) crossed. 

Further evidence that glyburide does not cross the placenta came from a study in which 
serum and cord blood glyburide levels were measured in 12 pregnant women who were 
taking glyburide (mean dose 9 mg/day, maximum 20 mg/day).[10] While glyburide was 
measurable in the serum of these women, none was detected in the cord blood. 
Possible reasons for the minimal transfer of glyburide include its high protein binding 
(99.8%) and short elimination half-life (10 h). Another possibility is that the placenta is 
actively pumping glyburide back into the maternal circulation by adenosine-
triphosphate-binding cassette transporters, most notably breast cancer-related protein 
and multiple resistance protein 3.[11] 



Biguanides 

Biguanides (metformin) work to lower blood glucose levels primarily by decreasing 
hepatic gluconeogenesis.[12] Other mechanisms of action include increased peripheral 
glucose disposal and reduced intestinal glucose absorption. Metformin has been shown 
to pass freely across the placenta.[13] Two in vivo studies measured maternal and cord 
blood samples in women taking metformin throughout pregnancy (850 mg twice daily in 
15 women[13] and 2000 mg/day in 8 women[14]). The results of these trials showed that 
the fetus is exposed to concentrations as high or higher than those seen in the mother. 

Thiazolidinediones 

Thiazolidinediones (rosiglitazone, pioglitazone) act as high-affinity ligands of the 
peroxisome proliferator-activated receptor-γ receptor (PPAR-γ), a nuclear transcription 
factor.[15] Once activated, PPAR-γ binds to specific DNA binding sites called PPAR-
responsive elements, leading to changes in gene expression that improve insulin 
sensitivity in adipose tissue, muscle, and the liver. In a recent in vivo study looking at 
rosiglitazone placental transfer, 31 women who were undergoing surgical terminations 
at 8-12 weeks of gestation were given two 4 mg doses of rosiglitazone.[16] Analysis of 
fetal tissue, coelomic fluid, and amniotic fluid revealed that rosiglitazone crossed the 
placenta in all women, especially in those over 10 weeks' gestation. There have been no 
third-trimester studies or in vitro placental cotyledon transfer studies published to date. 

Summary 

Well-designed studies using the in vitro human placental cotyledon model, as well as in 
vivo studies, have demonstrated that while metformin, rosiglitazone, and most 
sulfonylureas cross the placenta, glyburide has been shown to cross very little. 

Oral Antidiabetic Agents in the First Trimester: Are They Teratogenic? 

Animal Data 

Data from studies in rats and rabbits revealed that neither glyburide nor glipizide was 
teratogenic, even when given in large doses.[17] In rats that were fed doses of metformin 
4 times the maximum recommended human dose (MRHD), less than 0.5% of rat fetuses 
developed ocular and central nervous system malformations. Studies using 
rosiglitazone in rats and rabbits did not find the drug to be teratogenic at exposures 20-
75 times that obtained with the MRHD, although pioglitazone did show increased 
postimplantation losses at doses 10-40 times the MRHD.[18] 

Human Data 

In cohort studies of women with type 2 diabetes taking either sulfonylureas (when 
specified: glyburide 5-20 mg/day), biguanides (metformin 1.5-3 g/day), or both,[1-3,19-23] 
only 2 studies showed an increased rate of congenital anomalies in women taking oral 
agents compared with women taking insulin.[21,22] These studies were small (20 and 43, 



respectively); women did not have ideal glycemic control (hemoglobin A1C in exposed 
mothers was 8.8%,[21] and not reported[22]); and a regression analysis was not 
performed in either study to control for glycemic control.[21,22] In a meta-analysis 
evaluating the safety of oral agents (sulfonylureas and biguanides) administered in the 
first trimester, 10 studies on 471 exposed women were included.[24] No significant 
difference was found in the rate of major malformations or neonatal death among 
women with first-trimester exposure to oral antidiabetic agents compared with 
nonexposed women. One of the limitations of this meta-analysis was that studies were 
heterogeneous. 

In a well-designed study that controlled for glycemic control in 147 women exposed to 
sulfonylureas (chlorpropamide, glyburide, or glipizide; doses not specified), there was 
no association between anomalies and use of oral agents.[20] However, maternal 
glycohemoglobin was independently associated with congenital anomalies, suggesting 
that hyperglycemia, rather than the use of oral agents, is important in the etiology of 
these congenital anomalies. Limited information is available regarding the use of 
thiazolidinediones in pregnancy. A case report described one patient with type 2 
diabetes who was exposed to rosiglitazone 4 mg/day in the first 7 weeks of gestation 
and then delivered a healthy infant.[25] 

We can learn about the safety of metformin and thiazolidinediones from studies in 
women with PCOS. An increasing number of women with PCOS are using insulin 
sensitizers to improve ovulation rates. Unlike women with type 2 diabetes, these women 
do not have increased glucose levels, which may serve as a confounding factor when 
investigating congenital anomalies and perinatal mortality. A Cochrane review showed 
that metformin, when used alone, increases ovulation rates by a factor of 3.9 and 
pregnancy rates by a factor of 3.3.[26] When metformin is used in combination with 
clomiphene citrate, ovulation and pregnancy rates are even higher. In several studies 
(case series, cohort studies, 1 randomized controlled trial) in more than 500 women 
using metformin in the first trimester (0.5-2.55 g/day) or throughout pregnancy (1-2.55 
g/day), metformin did not lead to an increased incidence of anomalies in women with 
PCOS.[13,27-33] Thiazolidinediones have also been shown to stimulate spontaneous and 
clomiphene-induced ovulation.[34,35] A case report described one patient with PCOS who 
took rosiglitazone 4 mg/day for the first 4 weeks of the pregnancy and delivered a 
healthy infant.[36] 

In summary, from animal and human data, it appears that sulfonylureas and biguanides 
confer a low risk for teratogenicity. More data are needed before conclusions can be 
made regarding the teratogenicity of thiazolidinediones. 

Use of Oral Antidiabetic Agents in the Second and Third Trimesters 

Glyburide 

Langer et al.[10] conducted a large randomized controlled trial of glyburide 2.5-20 mg/day 
(mean 9) compared with insulin in 404 women with gestational diabetes. No significant 
difference was found in glycemic control or neonatal outcomes, which included birth 



weight, large size for gestational age (LGA), macrosomia, hypoglycemia, hypocalcemia, 
hyperbilirubinemia, polycythemia, lung complications, admission to neonatal intensive 
care unit, congenital anomalies, and perinatal mortality. In this study, the 95% CI for the 
absolute risk reduction in LGA was -7.8% to 6.0%, meaning that it is unlikely that the 
glyburide group had an LGA rate more than 6% higher than the rate of the insulin group, 
a small difference. In a smaller randomized controlled trial (N = 70) of glyburide, insulin, 
or acarbose, again there was no difference noted in glycemic control or birth weight, 
although this study lacked the power for these outcomes.[37] Significantly more neonates 
in the glyburide group had hypoglycemia (33.3% vs 3.7%; p = 0.006); however, this 
study was very small (<30 per group). 

A relatively large retrospective cohort study (N = 578) comparing glyburide 2.5-20 
mg/day and insulin use in 2 time periods also failed to show significant differences in 
glycemic control, macrosomia, C-section, and neonatal hypoglycemia, although the 
investigators did find significantly higher incidences of preeclampsia (12% vs 6%; p = 
0.02) and phototherapy rates (9% vs 5%; p = 0.046) in the glyburide group.[38] While no 
explanation was given for the increased phototherapy rates, with regard to 
preeclampsia, the authors discussed one animal study and one human in vitro study 
suggesting a possible link between glyburide and increased vascular resistance. This 
association has not been described in other studies and was not found in a prospective, 
randomized controlled trial.[10] 

More than 800 women have reportedly used glyburide in pregnancy.[10,38-42] 
Approximately 16-19% of women given glyburide for gestational diabetes failed to 
achieve optimal glycemic control and needed to be switched to insulin. Failure is 
predicted if fasting glucose levels are greater than 110 mg/100 mL, diagnosis is made 
before 25 weeks' gestation, and glucose levels are high on the oral glucose tolerance 
test.[41,42] Despite this, glyburide's popularity as first-line therapy for the treatment of 
gestational diabetes appears to be growing. Although the drug has not been approved 
for use in pregnancy by the American Diabetes Association[43] or American College of 
Obstetrics and Gynecology (ACOG),[44] in a survey of ACOG Fellows, 13% stated that 
they use glyburide as first-line therapy for the treatment of gestational diabetes.[45] Such 
treatment was very uncommon just 5 years ago (authors' observation). 

There are no data on the use of glipizide in pregnancy. 

Metformin 

Observational studies using metformin (1.5-3 g/day) in pregnant women with type 2 
diabetes have been fraught with problems.[1-3,21] Studies have been small (N = 1-33), 
and glycemic control tended to be poor, accounting for high perinatal mortality.[1,3,21] The 
incidence of perinatal mortality decreased when glycemic control improved after 1977.[1-

3] In one study, use of metformin 1.5-2.5 g/day was associated with a significantly 
increased rate of preeclampsia (32% vs 10% using insulin; p < 0.001) and perinatal 
mortality (11.6 vs 1.3%; p < 0.02).[23] These patients, however, were more obese than 
were those taking insulin, a probable confounding factor. The perinatal mortalities were 
unlikely related to metformin therapy. Two women who had stillbirths had poor glycemic 



control, and 2 others who were obese had polyhydramnios and preeclampsia. The 
woman with preeclampsia had taken metformin from 36 weeks' gestation. Another 
mother whose infant died of congenital anomalies had taken metformin only in the 
second trimester. 

Several cohort studies of women with PCOS using metformin 1.5-2.55 g/day throughout 
pregnancy have illustrated the relative safety of the drug in the second and third 
trimesters.[13,27,30-33,46] These studies found decreased rates of spontaneous abortion 
and gestational diabetes and similar rates of preeclampsia, major birth defects, and 
similar birth weight compared with healthy controls.[27,30-33,46] These data are 
encouraging, but most of these studies were small (<75 per group) and retrospective. In 
a somewhat larger (N = 90) prospective study of women with PCOS who were taking 
metformin (the majority throughout the pregnancy), there was no increased rate of 
perinatal mortality or preeclampsia when compared with 252 healthy controls.[31] Height, 
weight, and motor and social development were also normal in the infants at 3 and 6 
months. Data are needed from randomized controlled trials to confirm these findings. 

Most women with diabetes in pregnancy require increasing doses of insulin for good 
glycemic control; some women with exceptionally high insulin resistance require very 
large doses of insulin for optimal control. It has been hypothesized that metformin may 
help to sensitize these women to insulin, thus allowing for lower amounts of insulin to be 
used.[47] The safety of this approach, however, has yet to be demonstrated. 

Investigators in New Zealand are conducting the Metformin in Gestational Diabetes 
(MiG), a randomized controlled trial evaluating metformin treatment compared with 
insulin in 750 women with gestational diabetes.[48] The investigators hypothesize that, in 
women receiving metformin, insulin sensitivity will be improved for both mother and 
fetus. These investigators plan to follow the offspring and evaluate later insulin 
sensitivity (with bloodwork at 5-6 y) and health (at 2 y and onward) by assessment of 
diet, activity, neurodevelopment, physical examination, and body composition. 

Thiazolidinediones 

Few data are available regarding thiazolidinedione use in the second and third 
trimesters of pregnancy. One case report described a patient who was exposed to 
rosiglitazone 4 mg/day in the second trimester (weeks 13-17) and delivered a healthy 
infant.[49] 

Summary 

Evidence has shown that glyburide may be a reasonable alternative to insulin for some 
women with gestational diabetes, especially those who have fasting glucose 
concentrations less than 110 mg/100 mL and are in the third trimester. Data are lacking 
regarding the use of glipizide in pregnancy. Randomized controlled trial data are needed 
to assess the efficacy and safety of metformin use in women with gestational diabetes 
(in progress), and throughout pregnancy in women with PCOS. The use of metformin in 
women with type 2 diabetes in pregnancy to reduce insulin levels needs further 



investigation. 

Long-term Outcomes 

Little is known about the long-term outcomes of the use of OAAs in pregnancy. One 
recent study examining the use of metformin throughout pregnancy in 109 women with 
PCOS found normal growth and motor development in infants (126 live births) followed 
up to 18 months.[50] 

Use of Oral Antidiabetic Agents in Breast-Feeding 

With the increasing incidence of type 2 diabetes in younger people, the incidence of 
women with type 2 diabetes in pregnancy is increasing.[51,52] These women are often on 
OAAs prior to pregnancy, and while they are switched to insulin for pregnancy, they are 
often anxious to return to their oral agents postpartum. First-generation sulfonylureas, 
tolbutamide and chlorpropamide, have been found to cross into breast milk.[18] In a 
recent nonrandomized controlled study, the use of second-generation sulfonylureas, 
glyburide and glipizide, was examined in lactation.[53] Both drugs appeared to be 
compatible with breast-feeding. Women were given either a single dose of glyburide (5 
or 10 mg; n = 8) or a daily dose of glyburide or glipizide (5 mg/day; n = 5). No glyburide 
was found in milk samples, and the mean maximum theoretical infant dose as a percent 
of the weight-adjusted maternal dose was less than 1.5%, much lower than the usual 
acceptable threshold of 10%.[54] Blood glucose levels were normal in all 3 infants who 
were wholly breast-fed. 

To date, there have been 3 studies looking at the use of metformin with breast-feeding, 
and they suggest that metformin is excreted into breast milk at very low levels.[55-57] 
Twenty-two women were given metformin while breast-feeding, either as a single dose 
(500 mg, n = 5), or for several days to weeks of use (1000-1500 mg/day, n = 17). The 
mean milk:plasma ratio was 0.35:0.63, and the mean estimated infant dose as a 
percentage of the mother's weight-adjusted dose was 0.18-0.65%.[55-57] In 3 of 3 infants, 
blood glucose concentrations measured 4 hours after feeding were within normal 
limits.[57] While these studies are reassuring, only one study has looked at long-term 
infant outcomes. In a comparison of 61 nursing infants with 50 formula-fed infants of 
mothers taking metformin throughout pregnancy and lactation, there was no significant 
difference in weight, height, or motor-social development at 3 and 6 months of age.[58] 

There have been no reports to date of studies evaluating the passage of 
thiazolidinediones into breast milk. 

Summary 

The available data suggest that glyburide and metformin are not teratogenic in humans 
when used in clinically recommended doses. The data also suggest that glyburide may 
be used for the treatment of gestational diabetes in some women, while metformin may 
be used safely for ovulation in women with PCOS. Metformin, glyburide, and glipizide 
appear to be compatible with breast-feeding. Randomized controlled trials will better 



elucidate the benefit of glyburide, metformin, and thiazolidinediones in pregnancy and 
over the long-term. 

Such data on the use of OAAs in pregnancy are shifting the paradigm that once stated 
that they should never be used in pregnancy. This shift may be welcome to women with 
gestational diabetes who are inconvenienced by injections and to those in areas where 
insulin may not be readily available or is cost prohibitive. With the growing rates of 
diabetes, especially in the developing world, such a shift in paradigm may be greatly 
appreciated. 

 
References 

1. Coetzee EJ, Jackson WP. Metformin in management of pregnant insulin-
dependent diabetics. Diabetologia 1979;16:241-5.  

2. Coetzee EJ, Jackson WPU. Pregnancy in established non-insulin-dependent 
diabetics. S Afr Med J 1980;58:795-9.  

3. Coetzee EJ, Jackson WPU. Oral hypoglycemics in the first trimester and fetal 
outcome. S Afr Med J 1984;65:635-7.  

4. Kemball ML, McIver C, Milner RD, et al. Neonatal hypoglycaemia in infants of 
diabetic mothers given sulphonylurea drugs in pregnancy. Arch Dis Child 
1970;45:696-701.  

5. Zucker P, Simon G. Prolonged symptomatic neonatal hypoglycemia associated 
with maternal chlorpropamide therapy. Pediatrics 1968;42:824-5.  

6. Christensen HBT, Melander A. Prolonged elimination of tolbutamide in a 
premature newborn with hyperinsulinemic hypolycaemia. Eur J Endocrinol 
1998;138:608-701.  

7. Elliot BD, Langer O, Schenker S, et al. Comparative placental transfer of oral 
hypoglycemic agents in humans: a model of human placental drug transfer. Am 
J Obstet Gynecol 1994;171:653-60.  

8. Spiller HA, Sawyer TS. Toxicology of antidiabetic medications. Am J Health Syst 
Pharm 2006;63:929-38.  

9. Schneider H. Techniques: in vitro perfusion of human placenta. In: Sastry BVR, 
ed. Placental toxicology. Boca Raton, FL: CRC Press, 1995: 1-26.  

10. Langer O, Conway DL, Berkus MD, et al. A comparison of glyburide and insulin 
in women with gestational diabetes mellitus. N Engl J Med 2000;343:1134-8.  

11. Kraemer J, Klein J, Lubetsky A, Koren G. Perfusion studies of glyburide transfer 
across the human placenta: implications for fetal safety. Am J Obstet Gynecol 
2006;195:270-4. Epub 30 Mar 2006.  

12. Hundal RS, Inzucchi SE. Metformin: new understandings, new uses. Drugs 
2003;63:1879-94.  

13. Vanky E, Zahlsen K, Spigset O, Carlsen SM. Placental passage of metformin in 
women with polycystic ovary syndrome. Fertil Steril 2005;83:1575-8.  

14. Charles B, Norris R, Xiao X, Hague W. Population pharmacokinetics of 
metformin in late pregnancy. Ther Drug Monit 2006;28:67-72.  

15. Spiegelman BM. PPAR-gamma: adipogenic regulator and thiazolidinedione 



receptor. Diabetes 1998:47:507-14.  
16. Yik-Si Chan L, Hok-keung Yeung J, Kin Lau T. Placental transfer of rosiglitazone 

in the first trimester of human pregnancy. Fertil Steril 2005;83:955-80.  
17. Shepard TH. Catalog of teratogenic agents. 8th ed. Baltimore, MD: Johns 

Hopkins University Press, 1995:202.  
18. Briggs GG, Freeman RK, Yaffe SJ. Drugs in pregnancy and lactation. 7th ed. 

Philadelphia: Lippincott Williams & Wilkins, 2005: 1316, 1438.  
19. Notelovitz M. Sulfonylurea therapy in the treatment of the pregnant diabetic. S 

Afr Med J 1971;45:226-9.  
20. Towner D, Kjos SL, Leung B, et al. Congenital malformations in pregnancies 

complicated by type 2 diabetes. Diabetes Care 1995;18:1446-51.  
21. Picquadio K, Hollingsworth DR, Murphy H. Effects of in utero exposure to oral 

hypoglycaemic drugs. Lancet 1991;338:866-9.  
22. Botta RM. Congenital malformations in infants of 517 pregestational diabetic 

mothers. Annali Dell'Istituto Superiore di Sanita 1997;33:307-11.  
23. Hellmuth E, Damm P, Molsted-Pederson I. Congenital malformations in offspring 

of diabetic women treated with oral hypoglycaemic agents during 
embryogenesis. Diabet Med 1994;11:471-4.  

24. Gutzin SJ, Kozer E, Magee LA, Feig DS, Koren G. The safety of oral 
hypoglycemic agents in the first trimester of pregnancy: a meta-analysis. Can J 
Clin Pharmacol 2003;10:179-83.  

25. Yaris F, Yaris E, Kadioglu M, et al. Normal pregnancy outcome following 
inadvertent exposure to rosiglitazone, gliclazide and atorvastatin in a diabetic 
and hypertensive woman. Reprod Toxicol 2004;18:619-21.  

26. Lor J, Flight I, Normal R. Insulin-sensitizing drugs (metformin, troglitazone, 
rosiglitazone, pioglitazone, D-chiro-inositol) for polycystic ovary syndrome. 
Cochrane Database Syst Rev 2003:CD003053.  

27. Glueck CJ, Wang P, Goldenberg N, Sieve-Smith L. Pregnancy outcomes among 
women with polycystic ovary syndrome treated with metformin. Hum Reprod 
2002;17:2858-64.  

28. Turner MJ, Walsh J, Byrne KM, et al. Outcome of clinical pregnancies after 
ovulation induction using metformin. J Obstet Gynecol 2006;26:233-5.  

29. Thatcher SS, Jackson EM. Pregnancy outcome in infertile patients with 
polycystic ovary syndrome who were treated with metformin. Fertil Steril 
2006;85:1002-9.  

30. Glueck CJ, Goldenberg N, Wang P, et al. Metformin during pregnancy reduces 
insulin, insulin resistance, insulin secretion, weight, testosterone, and 
development of gestational diabetes: prospective longitudinal study of women 
with polycystic ovary syndrome from pre-conception through pregnancy. Hum 
Reprod 2004;19:510-21.  

31. Glueck CJ, Bornovali S, Pranikoff J, et al. Metformin, pre-eclampsia, and 
pregnancy outcomes in women with polycystic ovary syndrome. Diabet Med 
2004;21:829-36.  

32. Glueck CJ, Wang P, Kobayashi S, et al. Metformin therapy throughout 
pregnancy reduces the development of gestational diabetes in women with 
polycystic ovary syndrome. Fertil Steril 2002;77:520-5.  

33. Jakubowicz DJ, Iuorno MJ, Jakubowicz S, et al. Effects of metformin on early 



pregnancy loss in the polycystic ovary syndrome. J Clin Endocrinol Metab 
2002;87:524-9.  

34. Azziz R, Ehrmann D, Legro RS, et al. Troglitazone improves ovulation and 
hirsutism in the polycystic ovary syndrome: a multicenter, double blind, placebo-
controlled trial. J Clin Endocrinol Metab 2001;86:1626-32.  

35. Ghazeeri G, Kutteh WH, Bryer-Ash M, Haas D, Ke RW. Effect of rosiglitazone on 
spontaneous and clomiphene citrate-induced ovulation in women with polycystic 
ovary syndrome. Fertil Steril 2003;79:562-6.  

36. Cataldo NA, Abbasi F, McLaughlin TL, et al. Improvement in insulin sensitivity 
followed by ovulation and pregnancy in a woman with polycystic ovary syndrome 
who was treated with rosiglitazone. Fertil Steril 2001;76:1057-9.  

37. Bertini AM, Silva JC, Taborda W, et al. Perinatal outcomes and the use of oral 
hypoglycemic agents. J Perinat Med 2005;33:519-23.  

38. Jacobson GF, Ramos GA, Ching JY, et al. Comparison of glyburide and insulin 
for the management of gestational diabetes in a large managed care 
organization. Am J Obstet Gynecol 2005;193:118-24.  

39. Chmait R, Dinise T, Moore T. Prospective observational study to establish 
predictors of glyburide success in women with gestational diabetes mellitus. J 
Perinatol 2004;24:617-22.  

40. Kremer CJ, Duff P. Glyburide for the treatment of gestational diabetes. Am J 
Obstet Gynecol 2004;190:1438-9.  

41. Conway DL, Gonzales O, Skiver D. Use of glyburide for the treatment of 
gestational diabetes: the San Antonio experience. J Matern Fetal Neonat Med 
2004;15:51-5.  

42. Kahn BF, Davies JK, Lynch AM, Reynolds RM, Barbour LA. Predictors of 
glyburide failure in the treatment of gestational diabetes. Obstet Gynecol 
2006;107:1303-9.  

43. Gestational diabetes. American Diabetes Association. Diabetes Care 
2004;27(suppl 1):S88-90.  

44. Gestational diabetes. Washington, DC: American College of Obstetrics and 
Gynecology, 2001 Sept14 (ACOG practice bulletin; no. 30).  

45. Gabbe SG, Gregory RP, Power ML, Williams SB, Schulkin J. Management of 
diabetes mellitus by obstetrician-gynecologists. Obstet Gynecol 2004;103:1229-
34.  

46. Kovo M, Weissman A, Gur D, et al. Neonatal outcome in polycystic ovarian 
syndrome patients treated with metformin during pregnancy. J Matern Fetal 
Neonat Med 2006;19:415-9.  

47. Hughes RC, Rowan JA. Pregnancy in women with type 2 diabetes: who takes 
metformin and what is the outcome? Diabet Med 2006;3:318-22.  

48. Hague WM, Davoren PM, Oliver J, Rowan J. Contraindications to use of 
metformin. Metformin may be useful in gestation diabetes (comment). BMJ 
2003;326:762.  

49. Kalyoncu NI, Yaris F, Ulku C, et al. A case of rosiglitazone exposure in the 
second trimester of pregnancy. Reprod Toxicol 2005;19:563-4.  

50. Glueck CJ, Godenberg N, Pranikoff J, et al. Height, weight and motor-social 
development during the first 18 months of life in 126 infants born to 109 mothers 
with polycystic ovary syndrome who conceived on and continued metformin 



through pregnancy. Hum Reprod 2004;19:1323-30.  
51. Feig DS, Palda VA. Type 2 diabetes in pregnancy: a growing concern. Lancet 

2002;359:1690-2.  
52. Feig DS, Razzaq A, Sykora K, Hux JE, Anderson GM. Trends in deliveries, 

prenatal care, and obstetrical complications in women with pregestational 
diabetes. Diabetes Care 2006;29:232-5.  

53. Feig DS, Briggs GG, Kraemer JM, et al. Transfer of glyburide and glipizide into 
breast milk. Diabetes Care 2005;28:1851-5.  

54. Ito S. Drug therapy for breast-feeding women. N Engl J Med 2000;343:118-26.  
55. Hale TW, Kristensen JH, Hackett LP, et al. Transfer of metformin into human 

milk. Diabetologia 2002;45:1509-14.  
56. Gardiner SJ, Kirkpatrick CM, Begg EJ, et al. Transfer of metformin into human 

milk. Clin Pharmacol Ther 2003;73:71-7.  
57. Briggs GG, Ambrose PJ, Nageotte MP, et al. Excretion of metformin into breast 

milk and the effect on nursing infants. Obstet Gynecol 2005;105:1437-41.  
58. Glueck CJ, Salehi M, Seve L, Wang P. Growth, motor and social development in 

breast- and formula-fed infants of metformin-treated women with polycystic 
ovary syndrome. J Pediatr 2006;148:628-32. 

Reprint Address 

Denice S Feig, Mount Sinai Hospital, 60 Murray St., Suite 5027, Mail Box 14, Toronto, 
Ontario, Canada, M5G 1X5, fax 416/361-2657, E-mail: d.feig@utoronto.ca .  

 
Denice S Feig, MD MSc,1 Gerald G Briggs, BPharm,2 Gideon Koren, MD FABMT FRCP 
MBBS3 
 
1Departments of Medicine, Obstetrics and Gynecology, and Health, Policy, Management 
and Evaluation, University of Toronto; Division of Endocrinology and Metabolism, Mount 
Sinai Hospital, Toronto, Ontario, Canada 
2Women's Pavilion, Miller Children's Hospital, Long Beach, CA 
3Departments of Medicine and Pharmacology, University of Toronto; MotherRisk 
Program, Division of Clinical Pharmacology and Toxicology, The Hospital for Sick 
Children, Toronto, Ontario, Canada 
 
Dr. Feig has received an educational grant from Aventis and Astra-Zeneca. This work 
was partially supported by grants from the Canadian Institutes for Health Research, the 
Research Leadership for Better Pharmacotherapy During Pregnancy and Lactation (The 
Hospital for Sick Children), and the Ivey Chair in Molecular Toxicology, The University of 
Western Ontario. 
 
 
 

mailto:d.feig@utoronto.ca

