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Overview

+ Pre-pregnancy
+ Type 2
+ GDM

+ Postpartum

Overview

+ Pre-pregnan

+ Type2
+ GDM

+ Postpartum

1999 A 1230m—y PN YYD
2000 I A Ui
2001 12874 e /22U

2002 126,000 1,658 (1.3)
2003 129,743 1,831 (1.4)
2004 130,184 1,982 (1.5)
2005 131,289 1,928 (1.5)

Feig - Diabetes Care 2006

Head, Diabetes & Pregnancy Program + Type2 + Type2
Mt Sinai Hospital . GDM + GDM

Year Total Deliveries Deliveries in women with

T In Ontario PGD (%)

Case

1996 133,316 1,122 (0.8)
1997 131,685 1,191 (0.9)
1998 129,470 1,296 (1.0) = 32 yr old woman

= Dx'd with Type 2 diabetes, 3 yrs before

m Told to watch what she ate

Case

m Her glucose control worsened

m She was started by family physician on
metformin, glyburide, rosiglitazone

# ramipril for hypertension

m atorvastatin for hypercholesterolemia

She is NOT planning

pregnancy

(She is not planning
AGAINST pregnancy)

Case

m Presents to the office at 8 weeks gestation
® “Was this pregnancy planned?”

m She answers, “No, it wasn’t planned, but
if it happened that would be fine”

= HbAlc - 13%
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Case

® What would you tell her?

4 No problem, continue on meds

4 Stop all meds, refer to endocrinology
4 Consider a TA and try again

4 Keep on OHA’s, refer to endocrinology
4 Start on insulin, then stop OHA’s

Do oral hypoglycemic
agents increase the
rate of congenital
anomalies?

Let's examine each
class of OHA's ...

Glyburide and

Metformin

+ 10 studies:
4+ 471 exposed, 1344 not exposed

+ No differences:

+ major malformations

Drug Ratings in Pregnancy

DPP-1V Inhibitors: Sitagliptin
(Januvia)

+ No teratogenicity noted in animal studies
+ No studies in pregnant women

+ Pregnancy Risk ‘B’

ACE Inhibitors
& Statins

The Risk of

Anomalies?

ACE inhibitors in pregnancy

®m 1% Trimester
= Animals: no increase malformations

= Humans: limited data

Cooper et al - NEJM 2006

® 29,507 infants from Tennessee Medicaid files born 1985-2000

= 3 cohorts:

= 209 exposed to ACE in Ist trimester
= RR2.71 (1.72 - 4.27)

m 202 exposed other antihypertensives
= RR 0.66 (0.25-1.75)

u 29,096 unexposed
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Cooper et al - Criticisms

m Attempted to exclude mothers with
diabetes....? Successful

mCould not exclude diet-controlled diabetes
or control for obesity

ACE inhibitors in pregnancy

+ “ACE Inhibitor Fetopathy”
+ 2% and 3 Trimester
#Oligohydramnios:
afetal limb contractures, craniofacial

deformities, pulmonary hypoplasia with
RDS

uIUGR, prematurity, neonatal hypotension,
anuria, death

ACE in Pregnancy

 For hypertension: use other antihypertensives in women
of child-bearing age

mmethyldopa, labetolol

 For those with significant nephropathy: discuss with
patient

Statins in Pregnancy

m Cholesterol is essential for fetal development

® Animal data: toxic doses: skeletal
malformations

u FDA voluntary reporting: 22 cases of
malformations after st trimester exposure

(CNS, limb defects)

uNo control group

Statins in Pregnancy

+ 2 studies:
+ Case-control (Taguchi 2008)
No difference in congenital anomalies
+ 64 exposed, 64 matched, not exposed
+ Population-based registry (Ofori 2007)

+ 153 exposed, 110,000 not exposed

Statins in Pregnancy

= Data encouraging

 Avoid in women of child-bearing age

GLP-1 Agonists: Exenatide

+ Some adverse events in animal studies

Thiazolidenediones

+

Very little data

+

Crosses the placenta

+

Not teratogenic in animals but fetal growth
retardation in mid-gestation

+

Human data (rosiglitazone) - no anomalies

+

Pregnancy Risk ‘C’

G.J. (continued)

+ OHA’s D/C’d, Humalog with meals, NPH
at bedtime

+ 18 wk anatomy scan: small VSD with
aortic coarctation, prognosis guarded
depending on size of LV

+ Patient decided to continue with
pregnancy
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G.J. (continued)

spontaneous labor at 32 wks - boy 1550 g

VSO ARG FRESD FEY W frormal

aortic v:

Repair of VS5 ML ER 2 aoriic arch

8 days

In and out of hospital in 1% year with CHF

What is the cause of
congenital anomalies
in pregnant women

with Type 2 Diabetes?

61 A% TA MN MR AT MM WA I RS Dd Ene
]

Guerin et Diabetes Care 2007

Corresponding | Absolute risk of a congenital anomaly (%, 95%
GHbSD HbA: (%)* confidence interval)

0 55 22(0.0-4.4)

T 52 27(0252)

2 69 32(04-6.1)

3 7% 390772)

0 3 45(1056)

5 90 5.8(13-102)

6 97 7.0 (1.7-12.3)

7 104 8.4(20-14.8)

0 TRy 101 (23-17.8)

9 8 T21@6215)

0 125 14425259

) 32 17029510
212 =139 201 (3047)

Guerin et Diabetes Care 2007

Oral Hypoglycemics in Pregnancy

Major malformations 11.7%

Towner et al, Diabetes Care - 1995

Type 2 Diabetes
Types of Congenital Anomalies

+ Major anomalies in 4180 infants
+ 2.9%in GDM

+ 8.9% Type 2

+ Types:

Cardiac 57.6%
Musculoskeletal 14.7%

CNS 9.8%

Multiple organ systems 16%
- Schaefer-Graf, Am J Obstet Gynecol 2000

Diabetes and Pregnancy

Anomaly Gestational Age (wks

Caudal regression 5
Spina bifida, 6
Hydrocephalus,
Anencephalus
Cardiac anomalies 7.8
Renal anomalies 7
Anal/rectal atresia 8

Risk of chromosomal abnormalities
NOT increased Mills et al, Diabetes 1979

In order to avoid congenital anomalies need to
PLAN pregnancies

+

Patients remain on birth control until
HbAle<7%

+

+

Then birth control stopped

+

Patient proceeds to pregnancy

Prepregnancy Counseling and

Birth Control

+ Go Hand in
Hand
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Prepregnancy Counseling

+ Retrospective chart review UK
+ Women attending general diabetes clinic

Preconception care discussed in
only 25% of cases!

Varugbese et al 2006

Prepregnancy Counselling

+ France

+ 138 women Type 1 DM

+

85% received info about preconception
care

+ 48% unaware of the risk of congenital
anomalies

Diabetes Metab 2005

Prepregnancy Counselling

+ Possible difficulties in women with Type IT
DM:

+ More cultural variability
+ Language
+ Financial

+ Attitude

+ ANY MEDICAL ENCOUNTER WITH A
WOMAN OF CHILD-BEARING AGE
WITH DIABETES SHOULD BE
CONSIDERED A PRECONCEPTION
VISIT!!

Folic acid

CELSC

m What would you tell her?

4 No problem, continue on meds

4 Stop all meds, refer to endocrinology
4 Consider a TA and try again

4 Keep on OHA's, refer to endocrinology

4 Stop all meds, start on insulin

CELSC

m What would you tell her?

4 No problem, continue on meds

4 Stop all meds, refer to endocrinology
4 Consider a TA and try again

4 Keep on OHA's, refer to endocrinology
4 Start on insulin, then stop OHA's

Women with PCOS

+ Very high risk of type 2 DM

+ Screen them BEFORE pregnancy for type 2
DM

+ Screen frequently in pregnancy for GDM

Women with Previous

GDM

+ Sereen for type 2 diabetes with OGTT

+ Once pregnant: Screen early and often

+ Encourage weight loss prior to pregnancy if
obese

+ Increased perinatal complications
including congenital anomalies
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Type 2 DM in Pregnancy:

+ Women who had GDM in first pregnancy,
. . . . How do their perinatal outcomes compare to
+ if they gained weight: risk of GDM

X those in women with type 1 diabetes?
increased

+ if they were overweight/obese and lost
weight: risk of GDM decreased

Ehelich et al Obstet Gynecol 2011

Ehelich et al Obstet Gynecol 2011

Maternal and Fetal Outcome in Women with Type 2
Versus Type 1 Diabetes Mellitus: A Systematic Review
and Metaanalysis

J Elin Endocrinad Metab $4: 42844791, 1009

PRPPHITRIL

Type 2 DM in Pregnancy

Perinatal Mortality (per 1000 births)

Reasons for high perinatal
mortality rate

+ High BMI

UnDxd Type 2

4 Greater maternal age

Type2

+ Increased incidence of essential hypertension

+ Low socioeconomic status

Non-diabetic
GDM
True GDM

Type |

+ First generation immigrants / language / access

Cundy et al - Diabetic Medicine, 1997 Cundy et al - Diabetic Medicine, 1997
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Type 2 DM in Pregnancy

Complication Rates - Literature Review

Type 2 DM in Pregnancy

Complication rates on the rise, too.

Management

+ Seen by high risk pregnancy team:

+ endocrinology team: physician,nurse
educator, dietician

+ obstetrician, maternal-fetal medicine,

neonatologist
Clausen et al Diabetes Care 2005
Management Overview
+ Pre-pregnancy
+ Ry Insulin Metformin in Women + Type2
. - with Type 2 Diabetes + GDM
+ OHA'’s are discontinued MiTy in Pregnancy Trial
+ Postpartum
+ Trial: MiTy
+ Type2
+ GDM

Case

+ Patient delivered

+ She is breastfeeding and wants to go back on her oral
agents

* (A) You put her on glyburide
* (B) You put her on metformin

« (C) You put her on glyburide and metformin but not
rosiglitazone

* (D) You keep her on insulin until she stops breastfeeding

* (E) None of the above

Can Women
Breastfeed While
Taking Oral
Antihyperglycemic
Agents?

Metformin and Breastfeeding

+ Hale et al Diabetologia 2002
+ Gardiner et al Clin Pharmacol Ther 2003
+ Briggs et al Obstet Gynecol 2005
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Hale et al, Diabetologia 2002

Metformin and Breastfeeding

+ Compared 61 nursing infants vs 50 formula-fed of
mothers taking metformin during lactation

+ Compared at 3 and 6 months

+ No significant difference in weight, height, motor-

social development

Glueck et al

Glyburide and Breastfeeding

+ Single dose study Toronto
+ 5mg or 10 mg glyburide

+ Continuous dose study Long Beach
+ 5 mg glyburide or glipizide

Feig et al, Diabetes Care
2005

Glyburide and Breastfeeding

Continuous dosing study Long Beach

+ No glyburide or glipizide was detected in milk
samples

+ 2 exclusively breast-fed infants (glipizide) had
normal blood glucose levels

+ Max Theoretical Infant Dose as
%WAMD

+ <1.5%

Feiget al, Diabetes Care 200

Thiazolidenediones
DPP IV Inhibitors
GLP-1 Agonists

No Information
Regarding Transfer
Into Breast Milk or

Safety During
Lactation in Humans
Not Recommended

Summary

+Metformin, glyburide and glipizide appear
compatible with breastfeeding
+ Caution is advised using metformin while
nursing premature infants and those with renal

impairment

Case

+ (A) You put her on glyburide
+ (B) You put her on metformin

+ (C) You put her on glyburide and metformin
but not rosiglitazone

+ (D) You keep her on insulin until she stops
breastfeeding

+ (E) None of the above
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Case

(A) You put her on glyburide

Overview

+ Pre-pregnancy

Overview

+ Pre-pregnancy

(B) You put her on metformin + Type 2 + Type 2
(C) You put her on glyburide and metformin + GDM + GDM
but not rosiglitazone P
+ Postpartum + Postpartum
(D) You keep her on insulin until she stops
breastfeeding + Type2 + Type 2
(E) None of the above + GDM + GDM
13.2% |18.9%
. Fyears 875 years
.66%
6 mo‘?ﬁ‘% 1 year
l }495%
Knowlert al, NEJI 2002
Cumulative GDM Subset:

Ratner et al, JCEM 2008

Incidence After Lifestyle

53% risk 49% risk

reduction reduction

Ratner et al, JCEM 2008

Study Results

+ Number needed to treat to prevent 1 case DM
+ Intensive Life Style
+ No hx GDM: 9
+ Hx GDM: 5-6

Ratner et al, JCEM 2008
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Diabetes Prevention Program
Effect of Metformin

Wormas: W Nty of GOM Women wes Mary of GOM
50% risk = 149 risk
reduction . reduction

Ratner et al, JCEM 2008

Diabetes Prevention Program
Number Needed to Treat ...

+ ...to prevent 1 case of

DM:
Metformin | Intensive Lifestyle
History of GDM 5-6 5-6
No History of GDM 24 9

Breastfeeding

Study Design

+ Examined association between lactation
and type 2 DM in women from Nurses
Health Study (240,000 women)

Steube et al, JAMA 2005

Study Results

+ 1 duration of lactation associated with

a | risk of type 2 diabetes
+ 0-3 months HR 0.72
+ >23 months HR 0.47

+ For each year of lactation
— 15% |, in risk

Study Results

+ Women with prior GDM had a markedly
increased risk of developing DM

+ Lactation had no effect on DM risk in the
GDM group
+ hazard ratio 0.96 NS

Steube et al JAMA 2005

CARDIA
Trial

Study Design

+ CARDIA ongoing multicenter, population-
based observational cohort study of 1,399
women who were nulliparous and free of
metabolic syndrome at baseline 1985-86

+ Re-examined at 7, 10, 15 & 20 years

Gunderson et al Diabetes, 2010
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Study Results

Gunderson et al Diabetes, 2010

Study Results

Risk reduction

stronger in women
" with GDM

Why breastfeeding may
prevent diabetes:

+ Lactation imposes large metabolic burden:
1 energy requirements by 480 kcal / day

+ Evidence for improved insulin sensitivity and
glucose tolerance during lactation

+ 1 weight loss: evidence conflicting

Can breastfeeding
reduce the risk of
childHBedebbesity and
DM of3ffsmgng of
Women with
Diabetes?

Breastfeeding & Childhood Obesity

Arenz Int 1 ObhesityReRidtadeb Nt Aty £ idend 200

Breastfeeding & Development of DM

What about
Offspring of
Diabetic
Mothers?

Mayer-Davis et al, Diabetes Care, 2006

Study Design

+

15,253 offspring of women in the Nurses
Health study who were aged 9-14 yrs in 1996
were included

+

56 pregestational diabetes, 417 GDM

Mayer-Davis et al, Diabetes Care, 2006
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Study Results

+ Breastfeeding was associated with reduced
overweight in childhood in women with and
without diabetes

Mayer-Davis et al, Diabetes Care, 2006

Study Results

+ 1,178 children at high risk of Type 1 DM

+ Found: Shorter duration of breastfeeding
associated with childhood obesity

+ 69% of this association explained by rapid
weight gain in Ist year of life

l Breastfeeding i [nf.ant 1 Childhood
duration Weight BMI
Gain

Possible Reasons for
Advantages of Breastfeeding

+ 1) Nutritional content of formula vs breast milk
contributes to early adiposity leading to childhood
obesity

+ 2) Lower plasma insulin in response to breast
milk vs formula, which promotes fat storage

Possible Reasons for
Advantages of Breastfeeding

+ 3) Breastfeeding infants better recognize
satiety signals, resulting in enhanced self-
regulation of energy intake growing up

Challenges to
Breastfeeding in
Women with

GDM/DM?

Challenges: Obesity

Nested Case-Control Study

141 obese mothers matched to 111 normal-weight mothers
Obese less likely to initiate breastfeeding (48% vs 64%)
+ less likely to maintain full breastfeeding at 1 and 3 months
+ fewer perceived that milk supply sufficient
+ more often uncomfortable breastfeeding in public

Despite greater breastfeeding difficulties, less likely to seek
support for breastfeeding.

o Mok Pediatrica 200812,1519-c1524

We need to find ways to
overcome such barriers
to breastfeeding in our
highest risk populations

Summary

+ Pregnancies in women with type 2 diabetes are
high risk pregnancies

‘We need to work harder at counselling women
with type 2 diabetes regarding the increased
risk of congenital anomalies and how to avoid

+

these preventable anomalies ie excellent
glycemic control prior to conception, birth
control

Summary

+ Oral hypoglycemic agents are NOT
teratogenic

+ Avoid statins and ACE inhibitors in those
planning pregnancy

+ Test women with PCOS and previous GDM
for type 2 before conception and early in
pregnancy

Summary

+

Metformin, glyburide and glipizide appear
compatible with breastfeeding

+

Weight loss, metformin and breastfeeding can
reduce the risk of diabetes in women with
previous GDM

Breastfeeding can reduce the risk of childhood
obesity in infants of women with diabetes and
previous GDM

+
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