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1 Overview

HISTORY OF CDAPP Sweet Success began as a pilot project in San Francisco in
CALIFORNIA 1982, originally funded by the March of Dimes. Based on the success
DIABETES AND of that pilot project, the Inland Counties in Southern California became
PREGNANCY the first CDAPP regional program funded by federal Title V Block
PROGRAM (CDAPP) Grant through the California Maternal, Child and Adolescent Health
SWEET SUCCESS (MCAH) Division.

From 1984 through 2006, the number of CDAPP regional programs
gradually expanded to ten. Regional CDAPP staff recruit, train, support
and retain local CDAPP Sweet Success Affiliates who provide health
care services to pregnant women with preexisting or gestational
diabetes. Prior to CDAPP, pregnant women with diabetes received
minimal intervention. Today, CDAPP affiliates are widely available
across the state, providing care for thousands of pregnant women each
year.

CDAPP Sweet Success regional programs were originally established
based on the regional perinatal health systems model. The regional
program consisted of a multidisciplinary team that ideally included a
diabetes nurse educator, a registered dietitian, and a behavior medicine
specialist who worked in conjunction with a regional medical director.
Due to budget shortfall, funding for the ten CDAPP Sweet Success
Regions will end in June 2012. MCAH is developing a new CDAPP
Sweet Success Resource and Training Center to continue to support and
meet the needs of CDAPP Sweet Success Affiliates.

MISSION OF CDAPP The mission of CDAPP Sweet Success is to promote best practices of
SWEET SUCCESS care for pregnant women who have preexisting or gestational diabetes.
CDAPP strives to optimize maternal and fetal birth outcomes, slow or
prevent ongoing diabetes among women with gestational diabetes, and

reduce complications of diabetes among women with preexisting

diabetes.
PURPOSE OF CDAPP The purpose of CDAPP is to improve maternal and fetal birth outcomes
SWEET SUCCESS through health education and promotion, and disease prevention. The

CDAPP Resource and Training Center staff recruit, train, support and
retain local Sweet Success Affiliates who provide health care services to
pregnant women who have preexisting or gestational diabetes using the
CDAPP Sweet Success Guidelines for Care. The Resource and
Training Center staff assess education and training needs, and
coordinate efforts to assist local Sweet Success Affiliates to plan,
develop, and deliver care for pregnant women with diabetes.
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THE GOALS OF The goals of the CDAPP Sweet Success are to:
CDAPP SWEET
SUCCESS 1. Promote quality medical management, psychosocial and nutrition

interventions for women with diabetes, or for women who develop
diabetes during pregnancy so their pregnancy outcomes match
those of women in the general population with respect to:

+ Intrauterine growth patterns

¢ Birth defects

+ Morbidity and mortality of both mother and infant

2. Promote healthy lifestyle changes in order to prevent recurrent
gestational diabetes, or development of diabetes after pregnancy
and to prevent the complications of diabetes among women who
have overt diabetes.

The overall CDAPP Sweet Success goals are accomplished by:

+» The CDAPP Resource and Training Center who develops and
maintains web-based training and disseminates valuable diabetes
resources. Center provides web-based information to affiliated
health care professionals and clinics who provide services to
pregnant women with preexisting diabetes or women who develop
diabetes while pregnant.

+ CDAPP Sweet Success Affiliates who promote optimal
management of diabetes, before, during, and after pregnancy.
Affiliates are encouraged to:

o Use the CDAPP Sweet Success Guidelines for Care.

o Utilize interdisciplinary health care teams to provide preventive
and health promoting strategies that are culturally appropriate
and research-based.

o Collect and analyze clinical data for validation of services to
patients and for quality improvement (QI) activities.

FUNDING CDAPP Sweet Success is a project of California Department of Public
Health; Center for Family Health; Maternal, Child, and Adolescent
Health Division. MCAH State Program Consultants for CDAPP
provide direction and oversight in communicating the Title V goals and
objectives to the CDAPP Sweet Success.

The CDPH CFH MCAH Division allocates Title V Block Grant Funds
to support the work of CDAPP Sweet Success in order to accomplish
the Program’s mission and goals.
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CDAPP SWEET SUCCESS The CDAPP Sweet Success Affiliate Program is accomplished using a
- ROLE OF THE TEAM multidisciplinary team. The team is comprised of various health care

professionals, depending on the health care setting, and can include
physicians, nurse educators, nurse practitioners, certified nurse
midwives, health educators, physician assistants, behavioral medicine
specialists (social workers, marriage/family therapists, and clinical
psychologists), registered dietitians, and medical assistants. The roles
of these team members may overlap in some cases, but all team
members work closely with the woman throughout her pregnancy.
Team members need understanding of the physiology and management
of pregnancies complicated by diabetes as well as experience in
educating women about diabetes related issues.

MCAH provides:
+ Title V federal funding for CDAPP Sweet Success Resource and
Training Center
+ Program Consultants for CDAPP Sweet Success who provide
direction and oversight in communicating the MCH Title V goals
and objectives to the CDAPP Sweet Success.

CDAPP Sweet Success Resource and Training Center provides:

+ Development of CDAPP Sweet Success materials, brochures,
updates to “CDAPP Sweet Success Guidelines for Care”,
educational webinars, and the CDAPP Sweet Success website.

+» CDAPP Sweet Success materials available to affiliates and
providers in print and electronic formats.

+ Promotion through CDAPP Sweet Success printed materials

+ Development of web-based training for existing and new CDAPP
Sweet Success affiliates and assistance to them to maintain their
Memorandum of Understanding (MOU) as an affiliate, and the on-
line affiliate directory by County.

¢+ Collection of CDAPP Sweet Success Affiliate on-line annual
surveys including number of clients served.

+» Annual certificates of Affiliate status that can be displayed
verifying the site has met requirements.

¢ Completion of an Annual Report to the MCAH Division.

CDAPP Sweet Success Affiliates provide:

+* A health care team knowledgeable about the CDAPP Sweet
Success Guidelines for Care which utilizes these guidelines in their
current practice.

+ Patient management based upon participation in CDAPP Sweet
Success training programs.

+» Comprehensive clinical preconception and pregnancy care for
women with diabetes.

+ Clinical competency by ongoing participation in yearly educational
programs.

+» Data collection about the care they provide to clients in order to
self-monitor and evaluate their clinical practices.
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¢ Feedback and sharing of their annual goals and long-term plans
with the CDAPP Sweet Success staff through annual on-line site
survey.

+» Promotion of diabetes awareness in the community and
participation in diabetes educational programs

CDAPP Sweet Success affiliates can be located at
http://cdph.ca.gov/CDAPP

AADE 7™ SELF-CARE The American Association of Diabetes Educators (AADE) created a
FRAMEWORK framework known as the AADE 7™ Self-Care Model. This AADE
Self-Care Framework will be utilized throughout the CDAPP Sweet

Success Guidelines for Care. It is listed in the table below:

Table 1 SELF-CARE BEHAVIORS RECOMMENDED BY AADE

1. Healthy eating-making healthy food choices, understanding portion
sizes and learning best times to eat

Being active - important for overall fitness and reduces risk for DM2

Monitoring — to include SMBG, blood pressure, urine ketones, and
weight

Taking medication — use of medications from oral to injections

Problem solving — ability to recognize signs and symptoms and
make informed decisions

6. Reducing risks — smoking cessation, regular eye, foot and dental
examinations

7. Healthy coping — affected by psychological and social factors

Source: American Association of Diabetes Educators (AADE) website:
http://www.diabeteseducator.org/ProfessionalResources/AADE7/
accessed 07/12/2012

FOR MORE The CDAPP Sweet Success Guidelines for Care are intended to assist

INFORMATION members of the health care team to provide optimal health education
and care during preconception for women with preexisting diabetes and
during pregnancy for women with preexisting diabetes or gestational
diabetes mellitus (GDM). They were developed from a careful review
of current literature and in collaboration with recognized experts in the
field. The authors and editors hope the reader will find these guidelines
provide accurate and useful basic-level information about the health
care of pregnant women with diabetes.
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For more information: California Department of Public Health, Center for Family Health
Maternal Child and Adolescent Health Division
California Diabetes and Pregnancy Program (CDAPP) Sweet Success
Guey-Shiang Tsay, RN, MSN
(916) 650-0300

http://www.cdph.ca.gov/programs/CDAPP

or

California Diabetes and Pregnancy Program (CDAPP) Sweet Success
Resource and Training Center

Cynthia Pefia, MPH, MSW

(858) 536-5090

http://www.CDAPPSweetSuccess.org
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2 Preconception and
Interconception Care for
Preexisting Diabetes

The “Preconception-Inter-conception Care for Preexisting Diabetes”
section of the California Diabetes and Pregnancy Program (CDAPP)
Guidelines for Care is intended to provide recommendations to
providers for medical management and health education of women with
preexisting diabetes, pre-diabetes, or insulin resistant syndromes. These
recommendations should be utilized for these women before they
become pregnant for the first time or during the inter-conception time
between pregnancies.

This section includes several Tables to guide the provider and staff to
provide Preconception and Interconception care.

INTRODUCTION Preconception Health Care, defined below by the Center for Disease
TO Control and Prevention (CDC) is recommended not just for women with
PRECONCEPTION preexisting diabetes but for all women.
CARE

CDC notes, “Preconception care is comprised of interventions that aim
to identify and modify biomedical, behavioral and social risks to a
woman’s health or pregnancy outcome through prevention and
management, emphasizing those factors to be acted on before
conception or early in pregnancy to have maximal impact. It includes
care before a first pregnancy or between pregnancies, commonly known
as inter-conception care. While the predominant component addresses
women’s health, it includes interventions directed at males, couples,
families and society at large” (1).

Preconception management encourages conception by choice rather
than chance. It promotes long-term healthy behaviors, and identifies the
need for risk management during pregnancy. It recommends lifestyle
practices to improve the probability of healthy pregnancy outcomes
including long-term benefits to families.

Health science has established that maintaining optimal health across
one’s lifespan is vital. For women with preexisting diabetes or other
insulin resistant conditions such as polycystic ovary syndrome (PCOS),
the preconception period is the optimal time for assessment, medication
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modification and behavioral changes. The best time for creating the
most favorable pregnancy outcomes is before the woman becomes
pregnant.

Family Planning

Couples planning to become pregnant should continue their family
planning method until the woman has achieved glycemic control and
stabilized any concurrent conditions. Once this has occurred,
conception is considered safe. Refer to Appendix A for information on
contraception options for women with diabetes mellitus.

Folic Acid Supplementation

Evidence links folic acid intake, called folate in its natural form, with
protection against neural tube defects in the fetus. It is recommended
that all women of reproductive age, regardless of diabetes status,
consume 400 mcg folic acid daily from supplements or in addition to
intake of folate rich food. Once pregnant, the dose should be increased
to 600 mcg until the end of the first trimester (2). The upper intake
limit is 1000 mcg per day.

GOALS OF The goal for preconception care is to stabilize glycemia, and control
PRECONCEPTION complications or concurrent disorders. Preconception care assists
CARE women to promote lifestyle changes and diabetes management that is

necessary to optimize pregnancy outcomes. Self-management may
need to be rigorous to maintain tight control.

The goals of preconception care are described below in Table 1.

Table 1. GOALS OF PRECONCEPTION CARE (3)

To prevent excess spontaneous abortions and congenital malformations in
infants of diabetic mothers. This is achieved by:

« Assuring effective contraception until stable and acceptable glycemia is
achieved

Assisting women to achieve an A1c <6.5% prior to conception
Identifying, evaluating, and treating long-term diabetes risks and
complications that may affect pregnancy

X3

*

3

o8
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PRECONCEPTION
CARE FOR
PREEXISTING
DIABETES

Poorly controlled diabetes before conception and during the first
trimester, can cause spontaneous abortions in 15% to 20% of
pregnancies and major birth defects in about 10% of pregnancies (4, 5,
6, 7). Since organ development is largely accomplished by the 8th
week of pregnancy, it is critical to achieve desired glycemic goals prior
to conception. Women with preexisting diabetes are at risk for diabetic
complications (8, 9, 10), and face a greater risk of preeclampsia,
pyelonephritis, polyhydramnios, preterm birth, cesarean delivery and
birth trauma (3, 4, 11). While preconception care is strongly
recommended, only 25-30% of childbearing age women with diabetes
seek this care (11). The CDAPP providers strive to improve these
statistics.

The CDAPP demonstrated that when women enrolled in the program
prior to pregnancy and achieved good control (Alc < 7); they had
significantly reduced major fetal anomalies; 1.4% of women who
enrolled prior to pregnancy had fetal anomalies versus 11% for women
who enrolled in the program after the first trimester (6). Preconception
care with strict glycemic control significantly reduces hyperglycemia
related mortality and morbidity (7). The risk of malformations will
increase if the level of glycemia is increased during the first 6 - 8 weeks
of gestation (first trimester).

Preconception care is highly effective with a coordinated
multidisciplinary team. Each time a woman of childbearing age (12 -
50 years) with or without diabetes sees a health care provider, it should
be regarded as a preconception visit (12).

The medical history that should be obtained in a preconception visit is
outlined in Table 2.

Table 2. MEDICAL HISTORY (3, 4, 6, 11)

1. Classify the patient’s hyperglycemic disorder: prediabetes, type 1 diabetes, type 2 diabetes, or
Polycystic Ovary Syndrome.

2. |dentify diabetic complications such as chronic hypertension, nephropathy, retinopathy, and
coronary heart disease.

3. Obtain any history of infertility or prior obstetrical complications such as preeclampsia, preterm
birth or birth of baby over 9 pounds.

4. Identify the number of prior pregnancies and birth outcomes including previous losses and
complications such as cesarean birth and birth trauma.

5. Note risk factors such as obesity, advanced maternal age, and family history of diabetes.

6. Assess presence of autoimmune diseases such as hypothyroidism, hyperthyroidism, lupus,
arthritis, or celiac disease.

7. Gather information about patient’s level of knowledge concerning diabetic care such as meal
activity, medication and problem solving.
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Recommendations for physical examination and laboratory tests for a
woman with preexisting diabetes during the preconception period or at
the first prenatal visit are included in Table 3.

Table 3. ASSESSMENT, PHYSICAL EXAMINATION AND LABS FOR WOMEN WITH
PREEXISTING DIABETES (3, 4, 7, 8, 9, 10, 11, 13, 14, 15, 16, 17, 18, 19)

Categories/
Complications/
Recommended Test/
Frequency

Target

History/ Signs and
Symptoms

Rationale /Risk

Glycemic / Metabolic

Control

Glycemic Control
A1c: Repeat every 3
months throughout
pregnancy.

SBGM: Minimum fasting,
premeal, post meal.
bedtime, overnight, and
additional testing for
suspected hypo/hyper-
glycemia.

<6.5%

Less then 20% values
outside of targets

History of diabetic
ketoacidosis, or
hypoglycemia and
patient awareness of
signs, symptoms for
these

* A1c < 6.5% lowers risk of birth defects and
SAB to non-diabetic population incidence.

« History of severe hypoglycemia or
unawareness may necessitate elevated
targets.

» Pregnancy lowers the ability of some
women to sense hypoglycemia.

» Glucose control with less then 20% of
values out of range appears to be
adequate.

Lipids:

Fasting Lipid/ Triglyceride

levels

If fatty liver disease is

suspected check AST/ALT,
and obtain liver ultrasound.

TG < 150 mg/dl
HDL > 50 mg/dL
LDL < 100 mg/dl

Assess for history of
abnormal lipids

Fatty liver is
associated with high
BMI, and difficult
glucose control.
Associated with type 2
diabetes

Increase with insulin resistance and
deficiency.

Associated with cardiovascular events and
fatty liver.

Dietary intervention and lifestyle, is the
primary approach.

Statin therapy is contraindicated in
pregnancy.

Fish oil and niacin have been used in
pregnancy. Bile-acid binding resins are
approved. Other agents should be used on
individualized basis.

Fatty liver is treated with dietary, lifestyle
and glycemic control and is associated with
late term fetal loss.

Endocrine

Thyroid:
TSH /T4
If normal no follow-up
required.

Abnormal TSH: follow-up
preconception, each

trimester and postpartum.

Thyroid Peroxidase
Antibodies TPOAbs

If negative no F/U needed.

TSH < 4.5 mlU/mL
(or <2.5 1st trimester)

If being treated
T4 > 4.5 ug/dL or
Free T4 8-22 mmol/L

Negative

If a woman has a
history of hyper-or
hypothyroid evaluate
labs before and during
pregnancy to adjust
treatment

» Abnormal thyroid function effects fertility
and increase risk of loss. Treatment and
follow-up is recommended.

» Hypothyroid increases hypoglycemia
incidence and can effect fetal brain
development.

» Autoimmune thyroid disease is common
with type 1 diabetes (35-40%).

 Alert the pediatrician for positive TPOAbs
and treatment.
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Table 3. ASSESSMENT, PHYSICAL EXAMINATION AND LABS FOR WOMEN WITH
PREEXISTING DIABETES (3, 4, 7, 8, 9, 10, 11, 13, 14, 15, 16, 17, 18, 19), Continued

Categories/
Complications/
Recommended Test/
Frequency

Target

History/ Signs and
symptoms

Rationale /Risk

Macrovascular

Hypertension
Test blood pressure (BP)
at every office visit.

Systolic BP < 130

Diastolic BP < 80

» Medication for hypertension should be
evaluated for use in pregnancy.

» ACE and ARBs are contraindicated in
pregnancy, and associated with increased
incidence of gestational hypertension,
preeclampsia, and IUGR.

» Uncontrolled hypertension is associated
with progression of retinopathy.

Cardiovascular

EKG recommended for:

Age > 35 years old, type 1
diabetes 15 years or more;
all type 2 diabetes; and all
women with symptoms or

significant history.

No abnormalities

Symptom history:
exercise intolerance;
pain or heaviness in
chest, neck, jaw, left
arm; shortness of
breath; vascular
disease in extremities.

» Appropriate treatment will reduce the
significant mortality and morbidity
associated with CVD.

» Counseling per potential needs and risks.

» Generally women with suspected
cardiovascular disease should be referred
to a cardiologist who should be included in
the team.

Skin and Food Care

Assess patient knowledge
and instruct as necessary.

No skin breaks.
Preforms regular foot
care.

Assess history of skin
breaks, foot care and
infections.

* Any skin breaks leave a woman open to
infection and adversely effect glucose
control.

» Foot deformities will affect exercise
prescription.

Microvascular

Nephropathy:
Urine dip for micro-
albuminuria, serum
Creatinine

« If abnormal send for 24
hour Total protein,
creatinine clearance with
a serum creatinine.

« If abnormal follow
preconception, every
trimester and more often
if indicated.

Microalbumin
Dip < 30 mg is normal

Total Protein < 150
mg/24 hr

Creatinine clearance
0.7-.09 mg/dL and
GFR (Glomular
Filtration Rate) > 60
m/min/m?

Associated with
hypertension and
hypertensive diseases
of pregnancy, and
retinopathy.

» Mild to moderate renal insufficiency does
not appear to worsen after a gestation.
Moderate to severe renal dysfunction has
been associated with long-term
progression.

* GFR 60-98 and proteinuria > 500 mg/day
are associated with increased incidence of
IUGR, fetal demise, and preterm delivery.

» Referral to a nephrologists is
recommended.

+ Dietary intervention may be indicated.

Retinopathy
Dilated retinal exam

Preconception and first
and 3rd trimester if normal.
If abnormal increase
frequency as indicated.

If no retinopathy, none
will develop during
pregnancy.

Existing retinopathy
should be stabilized.

Retinopathy is
associated with
Nephropathy.

» Achieving tight glycemic control slowly may
prevent rapid retinal progression. This is
not an option if presenting in pregnancy.

* Blood pressure control reduces
progression.

» Proactive treatment such as laser or
vitrectomy, is encouraged, as the risk for
vision loss during a pregnancy can be
significant.
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Table 3. ASSESSMENT, PHYSICAL EXAMINATION AND LABS FOR WOMEN WITH
PREEXISTING DIABETES (3, 4, 7, 8, 9, 10, 11, 13, 14, 15, 16, 17, 18, 19), Continued

Categories/
Complications/
Recommended Test/
Frequency

Target

History/ Signs and
symptoms

Rationale/ Risk

Neuropathy Assessment and treatment is based on symptoms by system

Hypoglycemia
unawareness

Increased frequency
of SBGM as indicated.

Onset of severe
hypoglycemia without
warning and poor
counter-regulatory
response.

* Hypoglycemia without warning symptoms
may require adjusted glucose targets to
protect the woman and potential offspring.

Gastrointestinal
(Gastroparesis)

If symptomatic assess with
gastric emptying studies

Normal gastric motility.

Feelings of fullness;
nausea and vomiting;
constipation
alternating with
diarrhea; erratic blood
glucoses.

» Associated with increased mortality and
poor perinatal outcomes.

» Treat with standard medications for
hyperemesis.

Cardiovascular
Pulse upon presentation to
care

Orthostatic hypotension
Orthostatic blood pressure
upon presentation to care

Resting heart rate <
100 bpm. Normal
heart rate variability
and EKG. BP supine
and standing < 20
mmHg variation, with
heart rate response
with position change

Early fatigue and
weakness; dizziness,
syncope.

» With cardiovascular autonomic neuropathy
a woman will require a modified exercise
prescription.

» Associated with increased perinatal
complications and requires cautious
management.

Acute Sensory Neuropathy

Chronic Sensorimotor
Distal Peripheral
Neuropathy (DPN)

Without leg pain.
Normal, vibration,
pressure, pain,
temperature
perception and ankle

Pain in legs

Burning pain,
stabbing;
hyperashesia, deep
aching, usually worse

Changes in glycemic control can exacerbate
pain.

Neuropathy is associated with an increased
injury risk.

Increased perinatal complications and

Mononeuropathies reflexes at night. requires cautious management.
Nerve conduction Weakness and
Entrapment amplitude is normal palsies
Electrophysiologic Carpal tunnel
studies show no syndrome
block in conduction
Other
Oral Health:

Any woman that has not
had regular dental care or
shows signs of oral
disease or trauma should
be referred for a dental
examination.

No periodontal
disease or dental
caries.

Identification and
treatment of
periodontal disease

» Periodontal disease is a chronic oral
infection and is associated with difficult
glycemic control and pregnancy
complication.

» Most effective when identified and treated
before pregnancy.

Celiac Disease:

Anti-tTG or anti-EMA plus
IgA

If positive reconfirm.
There is no need to retest.

No antibodies is
normal

Type 1 diabetes

» Untreated disease will have erratic blood
glucose control.
» Treat with dietary intervention.

CALIFORNIA DIABETES & PREGNANCY PROGRAM



CDAPP SWEET SUCCESS GUIDELINES FOR CARE - 2012 PRECONCEPTION/ INTERCONCEPTION CARE FOR PREEXISTING DIABETES

SELF The American Association of Diabetes Educators (AADE) Self
MANAGEMENT Management Behaviors were briefly outlined in the overview section.
BEHAVIORS These behaviors are explained in more detail in relation to

preconception and inter-conception. They apply at all ages and stages
of diabetes care and management (20).

Healthy Eating

The preconception period is an ideal time to modify a woman’s meal
plan with less fear of causing hyperglycemia or causing maternal/fetal
complications. The Medical Nutrition Therapy Chapter (Ch 7)
addresses these guidelines.

Being Active

The preconception period serves as a time to identify physical activities
that work into a woman’s lifestyle. Women with long standing diabetes
may have complications that limit activities.

Mild to moderate physical activity such as walking should be
incorporated into the daily routine of a woman and optimally take place
for at least 30 minutes every day. A 10-minute walk, 30 minutes
following each meal will help to control post-meal glucose rise and
reduce the need for insulin.

Exercise precautions for women taking insulin or Glyburide should be
provided, and are included in Table 4.

Table 4. EXERCISE PRECAUTIONS FOR WOMEN TAKING GLUCOSE LOWERING
AGENTS (3)

Check blood glucose before and after exercise; be sure the blood glucose is at least

100mg/dL before exercising. For some women with Type 1 diabetes it may be

necessary to check midway through the planned regimen and /or to snack at midpoint.

Avoid using a leg or arm for insulin injection if either extremity will be exercised heavily
within 60-90 minutes of the injection. During pregnancy, the optimal site for insulin
injection is the abdomen.

Keep glucose meter and a fast-acting carbohydrate source close at hand.

Drink water before, during and after exercise as needed to replenish fluid losses
during physical activity.
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Exercise precautions for women using a Continuous Subcutaneous
Insulin Infusion (CSII) Pump (3, 21)

s If exercising within 60-90 minutes of a meal, decrease the pre-meal
bolus or reduce the basal rate during the exercise period. The
recommended starting point with light exercise is a reduction of
20% and with intense exercise, a 50% reduction in basal rate.

+ Due to the accelerated ketone production of pregnancy, suspending

the pump for more than 1 hour is not recommended. One should

always have a minimal basal rate from the insulin pump when
exercising.

«»  Start the temporary basal rate at least 30-60 minutes before the
exercise and continue the temporary basal rate for the duration of
the exercise.

For a more detailed discussion of physical activity refer to the Exercise
Chapter (Ch 6).

Monitoring of Blood Glucose

¢ Self-Monitoring Blood Glucose
Women with preexisting diabetes should be advised that intensive
self-monitoring blood glucose (SMBGQG) can optimize maternal and
fetal outcomes by helping to keep blood glucose within target
ranges. SMBG provides feedback on how food, insulin and
exercise interact to control blood glucose levels. Insulin and
medications are adjusted based on SMBG patterns. A pattern of
blood glucose control may be more easily achieved before or
between pregnancy.

« Frequency of testing

Women with preexisting diabetes check blood glucose a minimum
of 6 times per day. These tests are: fasting, pre-meal and post-
meal. Pre-meal checks are necessary when pre-meal insulin
correction algorithms are used. Most women with type 1 diabetes
will require more intensive SMBG that often includes but is not
limited to fasting, pre-meal, post-meal, bedtime, 3AM, and more
frequently if indicated.

Table 5 describes recommended frequency of glucose testing.
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Table 5. FREQUENCY OF SELF MONITORING BLOOD GLUCOSE (SMBG)
(3, 19, 22, 23, 24)

Type of Diabetes When to Test

Type 1 diabetes or type 2 diabetes on Fasting, premeal, one hour after start of

Multiple daily Insulin Injection (MDI) meals, bedtime, occasional 3 AM (or
overnight)

Type 2 diabetes on oral medications Fasting, one hour after start of meals,
bedtime

Continuous Subcutaneous Insulin Fasting, premeal, one hour after start of

infusion (CSII) also referred to as “The meals, bedtime,occasional 3 AM, May

pump” check pre and post snack as needed

¢ Blood Glucose Targets
A woman actively planning a pregnancy within the next 3 months
should follow the same blood glucose targets as during pregnancy.
Near normal glucose levels result in positive pregnancy outcomes

(12).

While the CDAPP recommends glycemic targets for diabetes and
pregnancy, targets must always be individualized. Blood glucose
targets are listed in Table 6.

Table 6. TARGET BLOOD GLUCOSE FOR PRECONCEPTION/ PREGNANCY
(3, 19, 22, 25, 26, 27, 28)

Timing of Test Desired Blood Glucose Range

Fasting/Premeal 60 - 89 mg/dI

Premeal/Bedtime/Overnight 60 - 99 mg/d|

Peak postprandial (1 hr from start of meal) | 100 - 129 mg/dl

Bedtime (HS) and over night 60 - 99 mg/d|

Mean daily glucose >87 mg/dl, <100 mg/dI

+ Hemoglobin Alc (Alc)
Hemoglobin Alc (Alc) is a common blood test used to both
diagnose diabetes and to gauge how well the person is managing
their diabetes. The Alc test reflects what percentage of
hemoglobin has been coated with sugar and reflects the average
blood glucose for the past two to three months.

Since the fetal development of organs, is largely accomplished by
the 8th week of pregnancy, it is critical to achieve desired glycemic
goals prior to conception (3, 7, 29). The Alc test is an important
measure during preconception since control of blood glucose
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reflected by an Alc test of < 6.5 prior to pregnancy is associated
with a reduced rate of congenital malformation (3, 29).
Hemoglobin Alc is monitored every 3 months in the preconception
period and the goal is to attain and maintain an Alc level of <6.5%
before onset of pregnancy.

Alc results are affected by factors other than blood glucose. For
example, factors might be hemoglobin abnormalities, blood loss,
and race (30).

+ Continuous Glucose Monitoring System

A Continuous Glucose Monitoring System (CGMS) should be
considered when blood glucose variation and tracking have proven
difficult and can be beneficial in identifying patterns which deviate
from what is normally expected (31, 32).

Studies using CGMS suggest that endogenous insulin secretion in
non-diabetic pregnant women generally peaks at 70 minutes from
the beginning of the meal but may vary and peak up to 90 minutes
from the start of the meal (22, 25, 26).

«» Use of an Insulin Pump

When using an insulin pump, pre and post snack checks are
sometimes necessary. Additional blood glucose checks may be
needed for activities such as driving, and exercise, or during
suspected hyperglycemia or hypoglycemia (21).

«» Gastroparesis

Women with gastroparesis or delayed gastric emptying prior to
pregnancy, will need to identify their individual post meal glucose
peak. Modified meal planning and medications may be indicated

(3) (refer to the Medical Nutrition Therapy Chapter (Ch 7) for more information).

Taking Medications

Two common conditions that require medications for women with
diabetes before pregnancy and in early pregnancy are hypertension and
hyperlipidemia.

+ Hypertension
The target blood pressure goals are systolic blood pressure of 109-
130 and a diastolic blood pressure of 64-80. These targets should
be maintained prior to and throughout pregnancy (3). When
medically appropriate, encourage non-pharmacologic therapies
such as relaxation exercises, yoga and nonaerobic exercise as an
adjunct to treatment.
Women with hypertension should be instructed to check home
blood pressure twice daily, morning and evening on the left arm
while sitting up.
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+ Recommendations for Managing Hypertension
Angiotensin converting enzyme (ACE) inhibitors or angiotensin II
receptor blockers (ARBs) may cause fetal renal dysplasia.
Therefore women attempting pregnancy or no longer using
contraceptives and sexually active, who are taking this class of
anti-hypertensive medications should be switched as soon as
possible to methyldopa, a calcium channel blocker, or a beta
blocker (33, 34). Among calcium channel blockers, diltiazem has
an advantage over nifedipine since it can reduce renal albumin
excretion and obliterate renal auto-regulation in diabetic women
(35). This information is summarized in Table 7:

Table 7. PRECONCEPTION RECOMMENDATIONS FOR ANTIHYPERTENSIVE

MEDICATIONS
(Target BP<130/80) (3, 33, 34, 35, 36)
Recommended Not Recommended
Calcium channel blockers: ACE inhibitors and ARBs in the 2nd
% Nifedipine trimester are associated with increased

X4

)

» Diltiazem (associated with decreased | risk of fetal renal dysplasia
microalbuminuria)

*,

Beta blockers: Atenolol, may inhibit fetal growth;

+ Labetalol is most commonly used may blunt hypoglycemic response
Methyldopa Hydrochlorothiazide, a diuretic is not
Maybe effective but not well tolerated commonly used during pregnancy; may

reduce plasma blood volume and
potentially uteroplacental blood flow

+ Hyperlipidemia
All lipid lowering drugs are contraindicated in pregnancy but
should be continued until actively attempting pregnancy (3).

«» Recommendations for Managing Hyperlipidemia

Women with triglycerides >1000 mg/dl need treatment to reduce
the risk of pancreatitis. During pregnancy, fish oil capsules may be
used to attain omega-3 fatty acid intakes of 3-9 grams per day
along with a low fat diet. Lipid lowering interventions are
addressed in Table 8 below:
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Table 8. LIPID LOWERING INTERVENTIONS AND MEDICATIONS (3)
Primary Intervention Secondary Intervention Not Recommended
< Encourage omega-3 fatty | < Slow-release Niacin use is | « Continue all lipid lowering
acid intakes of 3-9 gms limited by tendency to medications (statins) until
per day. raise blood glucose. actively attempting
< Limit saturated fat to <7% Insulin dose must be pregnancy. Once
of calories. adjusted to compensate. pregnancy is attempted
< Limit cholesterol to oo Bile aCid-binding resins statins are
<200mg/ day. are category B, but of contraindicated.
% Replace transfats with limited effectiveness when
monounsaturated fatty used alone. Should be
acid (MUFA) and used with dietary
polyunsaturated fatty acids interventions or Niacin.
(PUFA).
+ Intensify glycemic control
s Walk for 20 minutes after
meals.

The Medical Management and Education for Preexisting Diabetes

Chapter (Ch 3) addresses the management of hypertension and
hyperlipidemia more fully.

¢ Preconception Medication Management of Diabetes

Oral Glucose-Lowering Agents

At one time, oral glucose-lowering agents (OGLA) were thought to
be associated with an increased incidence of congenital
malformations. However, current research suggests that
malformations are more related to inadequate glycemic control
before pregnancy which continues into the first trimester.

The most common OGLAs, metformin (Glucophage) and
glyburide do not appear to be teratogenic (36, 37, 38). Once
pregnant these agents should not be discontinued but if they cannot
provide adequate glycemic control, insulin should be started as
soon as possible. In this situation, coordination of care between
providers is important to ensure consistant care and education
messages. Providers include: endocrinologist, perinatologist,
reproductive endocrinologist, nurses, social workers or behavioral
medicine specialist, and registered dietitians.
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Insulin

Since the advent of rapid acting insulins (lispro, aspart, apidra),
many providers and patients prefer the insulin analogs to regular
insulin. These insulin analogs are now used to control the one hour
post meal blood glucose levels. Regular insulin is less effective in
lowering the 1 hour peak glucose, and less convenient to
administer (3, 11, 13, 39). Prescribed regimens are used to mimic
endogenous insulin response.

The rapid-acting insulin analogs are effective in controlling
postprandial hyperglycemia without an increased risk of
hypoglycemia (11, 13, 39). At this time the rapid acting insulin
analogs lispro and aspart, and NPH are the preferred insulins for
pregnancy.

Basal insulins (NPH, glargine & detemir) are used to control
between-meal and overnight blood glucose levels. Women on
glargine and detemir should consider switching to intermediate-
acting NPH or to a continuous subcutaneous insulin pump before
becoming pregnant (11, 21, 39).

A period of poor glycemic control may follow the switch in insulin
type or mode. The dose of previously prescribed glargine or
detemir may need to be divided into smaller doses of NPH to
mimic the continuous steady action of those medications. Bolus or
mealtime insulin is taken based on the blood glucose before the
meal. The patient should be instructed in accurate carbohydrate
counting, and should understand her individual insulin to
carbohydrate ratio. She should have a pre-meal correction
algorithm (11, 21, 39).

Premixed insulin preparations such as 70/30 cannot be fine-tuned
and result in suboptimal glycemic control so they are not
recommended. These medications should be discontinued before
pregnancy and a basal/bolus regimen of multiple daily injections
(or CSII) should be instituted.

Refer to the Medical Management and Education for Preexisting

Diabetes (Ch 3) chapter for a comprehensive review of insulin.

Continuous Subcutaneous Insulin Infusion (11, 21, 39)

When multi-injection regimens fail to achieve glycemic control,
the continuous subcutaneous insulin infusion pump (CSII) should
be considered. The optimal time to switch from multiple daily
injections (MDI) to CSII is during the preconception period (11,
21).

The CSII pump allows the woman increased flexibility as
compared with multiple daily injections (MDI), and is programmed
to deliver basal rates of rapid-acting analogs to control the blood
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glucose during specific time intervals for 24 hours. Multiple basal
rates can be programmed to cover changing insulin needs
throughout the day. For a more complete description of the
Continuous Subcutaneous insulin infusion pump (11, 21). Refer to

Medical Management and Education for Preexisting Diabetes (Ch 3).

Table 9 summarizes preconception recommendations for women
with type 2 diabetes.

Table 9. PRECONCEPTION RECOMMENDATIONS FOR MEDICATIONS WITH
TYPE 2 DIABETES (3. 11, 21, 36, 37, 38, 39)

Recommendations Rationale
¢+ Switch from oral glucose lowering +» OGLA often do not provide adequate
agents (OGLA) to insulin when needed glycemic control during organogenesis.

to maintain glycemic targets for at least
3 months before attempting
conception.

+» OGLA should not be discontinued until | < Hyperglycemia is a known teratogen.
insulin can be started.
++ Continuation of metformin with addition| < Hyperglycemia is a known teratogen
of insulin in women with type 2 » Neither glyburide nor metformin has
diabetes, polycystic ovary syndrome, caused developmental toxicity in
and prediabetes may be useful to humans in limited studies.
reduce insulin doses needed.
« If multiple daily injections (MDI) is
inadequate, CSlI should be considered
in women with type 2 diabetes.

DS

D3

Problem Solving

Problem-solving addresses how the individual deals with barriers to
achieving their goals. Problem solving requires understanding and
applying the following skills:

¢ How to check and record blood sugars
When to check urine ketones
How and when to contact providers
What to do for sick day management (insert link in nutrition)

How to manage hyperglycemia and hypoglycemia

R/
0’0 L)

X3

S

X3

S

X3

¢

For women with preexisting diabetes, who are planning pregnancy,
management of low blood glucose below 60, or high blood glucose
above targeted ranges are important issues and are covered in the

Medical Nutrition Therapy Chapter (Ch 7).

+ Hypoglycemia
Table 10 describes clinical maneuvers to prevent and treat
hypoglycemia.
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Table 10. PRINCIPALS FOR THE PREVENTION AND TREATMENT OF
HYPOGLYCEMIA (40, 41, 42)

Balance activity and food with insulin.

7
0'0

B3

» With the initiation of OGLA or insulin, educate regarding signs and symptoms of
hypoglycemia.

X3

A

With the use of OGLA or insulin instruct to always carry quick acting carbohydrate
snacks and glucose tabs.

¢ Glucagon education must be provided to the significant others of all women who have
type 1 diabetes. Ensure patient has one or two current glucagon Kkits.

3

» Glucose targets may be raised for women with hypoglycemia unawareness.

-,

3

» If hypoglycemia occurs follow the Rule of 15 (40) described below:
% Treat with 15 grams of carbohydrate

% Re-check blood glucose in 15 minutes

% Expect to see a rise of 15 mg/dL in 15 minutes

If blood glucose > 50 < 70 + symptoms:
% Give 8 oz of non-fat milk. Recheck blood glucose in 15 minutes

» Repeat milk if still <70 + symptoms

» Repeat blood glucose every 15 minutes until blood glucose is > 70 x 2

» Use 1/2 sandwich if there is a milk allergy

*,

B3

B3

B3

¢ Give 4 oz juice ( 4 (4mg) glucose tabs with water).

¢ Recheck blood glucose in 15 minutes. If > 50 + symptoms, give 8 oz of non-fat milk,
otherwise repeat juice or tabs.

¢ Repeat blood glucose check every 15 minutes until blood glucose > 70 x 2. Have snack or
next meal.

If blood glucose < 50 + Symptoms:

If found unconscious:
s Call 911.
% Give GLUCAGON 1 mg SC immediately.
% May be given IM but will take longer to act.

+» Hyperglycemia
Most women with preexisting diabetes will experience a cyclic
variation in blood glucose related to their menstrual cycle.
Diabetic women should be instructed in how to adjust medications
or activity to achieve glycemic control during their menstrual
cycle.

Hyperglycemia during the preconception or inter-conception
periods should be addressed and stabilized to prevent progression
of diabetes-related complications.
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Reducing Risks

Any woman undergoing infertility treatment should have her glucose
and concurrent health issues stabilized before becoming pregnant.
Research has demonstrated that 3-6 months of controlled blood glucose
before pregnancy will reduce the spontaneous abortion rate, and reduce
the risk of retinal progression in women with retinopathy (3, 4, 11, 13).

Healthy Coping

Health status and quality of life are affected by psychological and social
factors. Psychological distress directly affects health and indirectly
influences a person’s motivation to keep their diabetes in control (refer

to the Psychosocial Chapter (Ch 9) for more information).

SUMMARY Table 11 addresses the optimal conditions for conception.

Table 11. OPTIMAL CONDITIONS FOR CONCEPTION (3, 4, 11)
1. A1c below 6.5%

2. Stable Normoglycemia (80% blood glucose in Target)

3. Demonstrates self care skills (AADE 7)

4. Complications stabilized
5
6

. Effective safe medications for pregnancy
. Taking prenatal vitamins with folic acid
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Appendix A Contraception Options for Women with
Diabetes Mellitus
Method Considerations for women with preexisting
diabetes and gestational diabetes mellitus
Barrier Methods - condoms, +« Higher failure rates.
diaphragm, cervical cap + Condoms provide protection against HIV and STD’s.

Failure rates improve with the addition of spermicides.

Hormonal Methods - birth control | <+ Prevent ovulation, require monitoring of weight, blood
pills, injections, patches, vaginal pressure, pre and post glucose, fasting lipids, and
rings, and implants vascular screen.

Not recommended for women who smoke or have

micro and/or macrovascular complications.

Increase the incidence of depression.

May affect lipids by decreasing HDL and increasing

LDL and cholesterol.

+ Combination pills not recommended until
breastfeeding is well established at 6 weeks to 3
months. Not shown to affect glucose intolerance.

+» Progestin only will increase glucose intolerance for
preexisting DM and may require medication
adjustment.

% Progestin only for GDM will nearly triple the diabetes
diagnosis above women using non-hormonal methods
while breastfeeding. It is not recommended.

R/
0’0

0’0

0‘0

Spermicides + High failure rates of 14 - 30% if used alone.
% Due to high failure rate of this method, women should
be offered on going preconception care.

IUD + Up to 99% effective at preventing pregnancy.
+ Those that contain hormones do not have a systemic
effect on blood glucose.

Natural Family Planning - periodic | <+ Significant failure rates of 0.2 - 27%.

abstinence, calendar method, ++ Due to high failure rate of this method, women should
ovulation method, symptothermal be offered on going preconception care.

method, continuous
breastfeeding,and withdrawal.

Sterilization «+ Surgical procedure, usually not reversible.
Emergency Contraception s 1 - 2% failure rate and is only method post sexual
activity.

+ Progestin in these products may temporarily disrupt
glucose control.
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For more information: California Department of Public Health, Center for Family Health
Maternal Child and Adolescent Health Division
California Diabetes and Pregnancy Program (CDAPP) Sweet Success
Guey-Shiang Tsay, RN, MSN
(916) 650-0300

http://www.cdph.ca.gov/programs/CDAPP

or

California Diabetes and Pregnancy Program (CDAPP) Sweet Success
Resource and Training Center

Cynthia Pefia, MPH, MSW

(858) 536-5090

http://www.CDAPPSweetSuccess.org
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3 Medical Management
and Education for
Preexisting Diabetes
During Pregnancy

INTRODUCTION Pregnancy profoundly affects the management of Preexisting Diabetes
Mellitus (PDM) (1, 2). The progressive increase in insulin resistance
caused by placental hormones, growth factors, and cytokines,
necessitates intensive medical nutrition therapy and frequent
adjustments of insulin to limit hyperglycemia and the worsening of
diabetic complications. Tight glycemic control is challenging because
insulin-induced hypoglycemia is more common. Women with
preexisting diabetes have a fourfold to fivefold increase in perinatal
mortality and a four to six-fold increase in stillbirth compared with the
non-diabetic population (3).

Glycemic control, as measured by Hemoglobin A1C (A1C), should be
addressed prior to conception. Hyperglycemia at conception and during
organogenesis increases the risk of spontaneous abortion and major
congenital malformations (Appendix A). Hyperglycemia reduces fetal
oxygenation, and when coupled with maternal acidosis, can lead to fetal
demise. Women with type 1 diabetes are prone to diabetic ketoacidosis
(DKA) at lower glucose levels (4, 5). During pregnancy maternal
glycemic control is crucial to prevent fetal hyperinsulinemia associated
with excess fetal growth and neonatal complications.

Maternal hypertension and nephropathy are associated with
undergrowth of the fetus. Complications for the infant of the diabetic
mother (IDM) extend into adulthood whether the infant is overgrown or
undergrown (6). Infants of diabetic mothers have significantly
increased risk for obesity, cardiovascular disease and diabetes (7).
These challenges led to the development of multidisciplinary patient
care programs such as California Diabetes and Pregnancy Program
(CDAPP) Sweet Success, to improve specialized care and reduce
complications. This chapter is intended to provide best practice
recommendations for the medical management and health education of
women with preexisting diabetes before, during and after pregnancy.

CALIFORNIA DIABETES & PREGNANCY PROGRAM 1
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GOALS AND
OBJECTIVES OF
PRENATAL CARE
FOR WOMEN WITH
PREEXISTING
DIABETES

The goals and objectives in caring for women with preexisting diabetes
is to reduce maternal and fetal mortality and morbidity and to
approximate pregnancy outcomes experienced by the non-diabetic
population.

Once pregnancy is confirmed, prenatal care begins. Women with
preexisting diabetes are high-risk, and are optimally cared for by
professionals experienced in the management of diabetes in pregnancy.
Ideally, preexisting diabetic patients have easy access to a tertiary
perinatal center and the consultation of a maternal fetal medicine
physician, and a multidisciplinary team of certified diabetes educators,
including a registered dietitian, registered nurse, and behavioral
medicine specialist.

The objective of prenatal care is to develop a diabetes treatment plan of
care with the woman and team members. This is done by:

+ Identifying, evaluating and treating any long-term diabetic
complications
Reviewing and achieving glycemic control of A1C <6%
Identifying and evaluating self-management skills and educational
needs
Providing counsel concerning prognosis for a healthy pregnancy
Setting expectations for patient participation
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The American Association of Diabetes Educators has developed 7 Self-
Management Behaviors (8). These serve as a framework for
assessment, planning, education needs and help to achieve the goals and
objectives of prenatal care. The AADE 7 behaviors listed below are
also addressed in the postpartum section in this chapter and the

Preconception and Interconeption Care Chapter (Ch 2).
1. Healthy Eating

Staying Active

Monitoring

Taking Medications

Problem Solving

Reducing Risk

Healthy Coping and Living with Diabetes

Nk v

Healthy Eating

Initial assessment and individualized meal plan by a registered dietitian
and follow up each trimester. Refer to the Medical Nutrition Therapy
Chapter (Ch 7) for specific suggestions for evaluating eating patterns and

recommending a meal plan.

CALIFORNIA DIABETES & PREGNANCY PROGRAM 2



CDAPP SWEET SUCCESS GUIDELINES FOR CARE - 2012

MEDICAL MANAGEMENT/PREEXISTING DIABETES

Staying Active

With medical clearance, women should aim for 30 to 60 minutes of
brisk activity daily, such as walking or swimming. Refer to the

Exercise Chapter (Ch 6) for specific suggestions for balancing activity and

insulin during pregnancy with PDM.

Monitoring

Women with preexisting diabetes should check blood glucose (BG) 8-
12 times or more a day, and document food and BG daily.
Documentation provides information on how food, exercise and insulin
interact in order to improved BG control (1, 2).

The staff and patient review glycemic control and establish pregnancy
targets. Intensive self-monitoring of blood glucose (SMBG) is an
essential component of diabetes therapy during pregnancy. In
preparation for visits, a food diary and blood glucose record are
maintained and utilized to optimize interventions towards tight control.
Finger stick SMBG is best in pregnancy, since alternate site testing (use
of interstitial fluid glucose) may not identify rapid changes in glucose
concentrations. Daily SMBG, as described in Table 1, will provide

crucial information.

Table 1. TARGETS AND SELF MONITORING BLOOD GLUCOSE (SMBG) FOR
PREGNANCY WITH PREEXISTING DIABETES (9, 10, 11, 12, 13, 14)

Targets

Frequency

Rationale

Premeal, bedtime,
and overnight:
60-99 mg/dI,

Peak postprandial
glucose 100-129
mg/d|, (usually 1hr
from first bite of
carbohydrate)

Mean daily glucose
>87 and <110 mg/dl

These targets must
be individualized to
prevent persistent or
severe
hypoglycemia.

Self-monitoring of blood
glucose (SMBG): before
and after meals, snacks, at
bedtime, and occasionally
over night at 2-4 A.M.

Continuous glucose
monitoring (CGM) may be a
supplemental tool to SMBG
for selected patients,
especially those with a
strong Dawn Phenomena
(rise in blood glucose
before awakening) or
hypoglycemia
unawareness.

Note that glucose values
from CGM (interstitial fluid)
lag behind finger stick
(capillary) values.

Maternal hyperglycemia increases fetal

and maternal mortality and morbidity.

» Elevated postprandial glucose
values were most strongly
associated with excess birth weight
in the studies in which both pre and
postmeal glucose were measured.

* Infants who experience
hyperinsulinemia in utero are more
likely to develop obesity, HTN and
diabetes later in life.

« Extremely tight control (mean daily
glucose <87 mg/dL) is associated
with restricted fetal growth.

Elevated glucose and rapid
normalization, is related to maternal
progression of existing retinopathy and
nephropathy and an increased
frequency of preeclampsia and
preterm labor.
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Taking Medications

The goal is to ensure that all medications taken, are safe and effective

for preexisting diabetes. Refer to Preconception Chapter (Ch 2) for medication
alternatives that are safe in pregnancy. Understand insulin

administration, storage, expiration and availability of supplies. To track
medication, use of a tracking sheet such as Glucose Lowering

Medication Sheet can be helpful. Refer to Appendix B.

Oral medications to lower glucose used by women with type 2 diabetes,
such as metformin and glyburide, should not be abruptly stopped before
insulin is started. These drugs do not appear to be teratogenic (15).
Hyperglycemia is a teratogen (16). Some authors encourage continued
use of metformin during pregnancy along with insulin, to reduce the
dose of insulin, if needed (16, 17). For women with type 2 diabetes
glyburide is generally replaced by insulin. Insulin does not cross the
placenta and has established efficacy in maintaining good glycemic
control throughout pregnancy.

Insulin Management with Preexisting Diabetes

To reduce maternal and fetal mortality and morbidity and to
approximate pregnancy outcomes experienced by the general non-
diabetic population, tight control of maternal glycemia is essential.
Although some women with type 2 diabetes may be able to sustain
good control with meal planning and oral medications, most require
insulin, as do all women with type 1 diabetes. This section will focus
on insulin management for pregnant women with PDM.

Insulin Requirements During Pregnancy

Insulin needs vary throughout pregnancy, with an initial drop at 9
to 16 weeks gestation. From week 17 forward, requirements are
expected to rise sequentially until 35 weeks when they level off or
decline. For women with PDM, there are wide variations in these
changes. For example, women with type 1 diabetes will see
significantly low BG during the 9-16 week window unless insulin
doses are adjusted downward 10-30% (18). Women with type 2
diabetes may simply have improved BG during this phase. During
the second and third trimesters women with type 1 diabetes may
see a 60-200% increase in insulin needs, doubling their insulin
requirement by term. Women with type 2 diabetes may notice a
doubling of insulin doses by the middle of the second trimester and
tripling or more, by term. Thus, optimal control of blood glucose
will require frequent adjustment of insulin doses for all women
with preexisting diabetes. The following is a graph of the changes
that occur to the insulin requirements during pregnancy. A large
copy is available at Appendix C.

CALIFORNIA DIABETES & PREGNANCY PROGRAM 4
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Figure 1. (18,19, 20, 21, 22, 23)

Types of Insulin
Insulin produced by a well-functioning pancreas has essentially
two roles: basal and bolus.

Basal

The insulin produced for the "basal role" addresses the glucose
that the liver is making throughout the entire day and night.
This is a constant background/baseline amount and is present
whether or not a person eats. Basal insulin make up about
40%-50% of the total daily dose (TDD) (24).

The most common basal insulin used is NPH, intermediate-
acting human insulin, with an onset 4-6 hours and peak of 8-10
hours. NPH is considered helpful for overnight basal and post
absorptive needs. Since the action of NPH increases several
hours after injecting, it would seem to be ideal. However the
absorption and action of NPH is variable from day to day.
Bedtime doses are more predictable when sleeping than daytime
doses because activity, stress, etc. alter basal needs. Smaller
doses are more effective, as larger doses prolong absorption
(25).

Longer acting basal insulin analogs such as glargine which lasts
18-24 hours and detemir which lasts 16-23 hours have recently
appeared in the literature with small studies showing efficacy
and no adverse effects in pregnancy. A large ongoing head-to-
head study of detemir and NPH in pregnancy demonstrated that
the long-acting insulin analogs are relatively “peakless”, and
have less hypoglycemia when compared with NPH (26).

Bolus

The "bolus role" is the quick burst of insulin that mimics the
pancreas’ release of insulin in response to a meal. Ideally
mealtime insulin doses are matched to carbohydrate intake, pre-

CALIFORNIA DIABETES & PREGNANCY PROGRAM 5
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meal blood glucose, and anticipated activity, again mimicking
the pancreas. Bolus insulin make up about 50-60% of the TDD
during pregnancy (1, 24).

Rapid-acting insulin analogs, lispro and aspart are the preferred
“bolus” insulins for use in pregnancy (27). When this insulin is
compared to treatment with regular insulin, these analogues
show better postprandial control, less hypoglycemia and a trend
towards reduction of preterm delivery (28). Their action begins
5-15 minutes after injection and peaks at 30-90 minutes. When
taken just before the meal, the peak action of analogs is more
likely to meet the peak of glucose absorbed from a meal, 50-70
minutes after the first bite of carbohydrate (29). Regular insulin
must be taken 45 minutes to an hour before eating and peaks 2
hours after injection, and most women fail to wait for the
regular insulin to work, resulting in both hyperglycemia and
hypoglycemia.

Insulin Regimens and Delivery Systems

Insulin is currently delivered either by Multiple Daily Injections
(MDI) or by Continuous Subcutaneous Insulin Infusion (CSII) (insulin
pump). Clinical trials of MDI and CSII generally show equivalent
glycemic control and pregnancy outcomes.

Both MDI and CSII use the basal-bolus insulin regimens to
approximate physiological delivery of insulin during fasting and
eating. Tailoring of insulin doses by “daily pattern management”
rather than “after—the—fact catch up doses” yields smoother, tighter
glycemic control. Split dosing (2/3, 1/3) and “sliding scales” should
be avoided during pregnancy as they are generally insufficient for use
in intensified therapy (30). Use the insulin to carbohydrate ratios
(ICR), which is the grams of carbohydrate that will be metabolized by
one unit of insulin. This allows the woman to adjust her pre-meal
dose of insulin for the anticipated number of carbohydrate grams in
the meal. For optimum glycemic control, women with PDM should
become proficient in carbohydrate counting and calculate premeal
bolus insulin doses based on their ICR and blood glucose. Both
methods require adjustments based on patterns, every few days to
every 1-2 weeks (1).

Intensive Multiple Daily Injections (MDI) (pen or syringe)
Intensive MDI requires at least four injections per day: before
breakfast, lunch, dinner, and at bedtime. With MDI, long-acting
analog or intermediate-acting (NPH) is used for basal insulin and
rapid-acting analog before meals (bolus).

Insulin Pens are another convenient method of delivering insulin.
They make it possible to use the smallest and thinnest needles
available. Pens are especially helpful for a patient with a history of
injectable drug abuse.

When using insulin syringes, it is advisable to use the 0.5cc

CALIFORNIA DIABETES & PREGNANCY PROGRAM 6



CDAPP SWEET SUCCESS GUIDELINES FOR CARE - 2012 MEDICAL MANAGEMENT/PREEXISTING DIABETES

syringe. No more than 50 units is given in one site, as more than
50 units has decreased or delayed absorption. The preferred
injection site is the abdomen or hip, for the most consistent
absorption during pregnancy (31).

The recommended glucose monitoring for insulin regimen is:

«» If using premeal bolus insulin, check blood glucose AM
fasting, before and after meals, and at bedtime,

+ Use Premeal Correction Algorithm found in Appendix D.
This algorithm should not be used to correct postmeal
elevations.

¢ If using basal insulin at bedtime, periodically check 3 AM
blood glucose.

Appendix E-1 describes how to calculate insulin doses for Multiple
Daily Injection (MDI) for Type 1 and Type 2 diabetes during

pregnancy and Appendix E-2 gives an example of how to calculate
the formula.

1. Determine the body weight in kilograms:

current weight in pounds divided by 2.2 =(a) __ kg.

2. Identify prepregnant BMI

(www.cdc.gov\nccdphp\dnpa\bmi\calc-bmi.htm)

3. Using the table in step 3 of Appendix E-1, determine Total

Daily Dose (TDD) of insulin.

The formula is based on patient’s weight in kg x Gestational

age and Type of diabetes. This provides a small variable

amount of insulin by kilogram (b or ¢). If a patient has Type 1

diabetes and is obese or has uncontrolled GDM, they use the

higher formula value under the Type 2 diabetes column.

Calculate total daily dose based on the above formula.

(a)  kgX(borc) units per kg =(d) _ TDD.

4. TDD will be divided into one half Basal Insulin and one half

Bolus Insulin.

5. Basal Insulin: Determine basal insulin needs:

0.5x(d)  TDD= (e) _total daily basal insulin.

A. If using long acting analog such as glargine or detemir:
divide total daily basal insulin (e) in half and use first
half at bedtime (f) and the second half 12 hours later.

B. If using intermediate NPH, use one half basal insulin at
bedtime (g) and divide the other half dose into 2-3
doses and administer the basal insulin with the premeal
bolus insulin.

6. Bolus Insulin: Determine bolus insulin needs.
0.5x(d)  TDD=(h)  total daily bolus insulin

To administer bolus insulin, either:

A. Determine INSULIN TO CARBOHYDRATE RATIO
(I: CR) (I: CR=Grams of carbohydrate metabolized by
1 unit of insulin) Total daily carbohydrates divided by
TDD (d) = I: CR and this number tells you how much
insulin to take per gram of carbohydrate. Then estimate
how much carbohydrate will be eaten for the meal and

CALIFORNIA DIABETES & PREGNANCY PROGRAM 7
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uses this number to determine how much insulin to give

prior to the meal,
OR

B. Divide total daily bolus insulin (h) by 7 = fixed pre-
meal (i) dose. Multiply fixed pre-meal dose (i) by 3 to
get breakfast dose; multiply 2 to get lunch dose and
multiply 2 to get dinner dose. (Method B is used if the
woman is eating a predetermined or prescribed amount
of carbohydrate)

Insulin Pump (CSII) during pregnancy

Multiple programmable basal rates offered by pump-CSII can be
especially useful for women experiencing episodes of
hypoglycemia or a prominent Dawn Phenomena (increased insulin
requirement between 4 and 8 AM) (32). Continuous subcutaneous
insulin infusion (CSII) pump therapy has been initiated during
pregnancy without a deterioration of glycemic control with positive
maternal and perinatal outcomes. Health care costs are comparable
to those among women who were already using pump-CSII before
pregnancy or MDI therapy (25). Among 688 Sweet Success clients
with type 1 diabetes, 60 (8.7%) were treated with insulin pump-
CSII. They had lower mean A1C values compared to those with
insulin injections (A1C = 6.7% vs. 7.7%, p<0.001) and were also
less likely to undergo cesarean section for macrosomia (33).

Insulin pumps are programmable to meet the individual’s insulin
needs throughout the day. Entering the current premeal blood
glucose and the anticipated carbohydrates for the meal into the
pump, allows the pump to calculate the appropriate meal bolus,
based on current blood glucose, insulin on board from an active
bolus, and the carbohydrate content of the meal. The pump
automatically corrects to target when calculating the premeal bolus
dose. The pump can calculate a correction bolus when blood
glucose is above target 2-3 hours after a meal. Only a rapid acting
analog is used in pumps, so corrections occur shortly after a
correction bolus is given.

Appendix F-1 describes how to calculate insulin doses for Insulin

Pump Continuous Subcutaneous Insulin Infusion (CSII) for Type 1

and Type 2 diabetes during pregnancy, and Appendix F-2 gives an

example of how to calculate the formula (1, 24).

1. Obtain current Total Daily Dose (TDD) of Multiple Daily
Injections (MDI), all types of insulin from patient’s record =
(a) __ units/24 hours.

2. Reduce (a)  MDI TDD by 25% to calculate (b)  reduced
pump insulin TDD.

3. Using the table in step 3 of Appendix F-1, determine (e)
Calculated Total Daily Dose (TDD) of insulin.

The formula is based on patient’s weight in kg, gestational age
and type of diabetes. This provides a small variable amount of

CALIFORNIA DIABETES & PREGNANCY PROGRAM 8
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insulin by kilogram (c or d). If a patient has Type 1 diabetes
and is obese or has uncontrolled GDM, they will use the Type 2
diabetes column.

4. Final Pump TDD Calculation:

(b) _ Reduced MDI TDD + (¢) _ Calculated TDD from table
in Appendix F-1 divided by 2 =(f)___ Final Pump TDD.

5. Basal Insulin: Determine basal insulin needs:

0.4 X (f)___ Final Pump TDD = (g) __ total daily pump basal
insulin.

6. There are three basal rates:

A The #3 basal rate (h), is determined by taking (g)
the total daily pump basal insulin divided by 24.
The #3 basal rate (h) is used from 9AM to midnight.

B. The #2 basal rate (i), is determined by multiplying the
(h)__ #3 basal rate by 1.2.
The #2 basal rate (i) is used from 4 AM to 9AM.

C. The #1 basal rate (j) is determined by multiplying
(h) _ the #3 basal rate by 0.8.
The #1 basal rate (j) is used from 12 midnight to 4 AM.

7. Bolus Insulin: Determine bolus insulin needs:

0.6 X (f) ___ Final Pump TDD = (k) total daily pump bolus
insulin.

INSULIN TO CARBOHYDRATE RATIO (I:CR), is the
number of grams of carbohydrate that will be metabolized by 1
unit of insulin.

The patient needs to consult with her physician or health care
professional to determine the I:CR in order to match the dose of
bolus insulin to the amount of carbohydrate eaten to achieve the
target level of blood glucose.

For example, use of 400-450 “rule” is based on the assumption
that the patient consumes a total of 400-450 grams of
carbohydrate daily. The [:CR =400 divided by (f)  Final
Pump TDD. This helps to calculate the grams of carbohydrate
that are metabolized by 1 unit of bolus insulin.

8. The Correction Bolus Insulin is also known as Insulin
Sensitivity Factor (ISF). As the TDD of insulin increases, the
sensitivity of insulin to lower blood glucose decreases.

To calculate the ISF, the patient consults with her physician or
health care professional to determine the amount of bolus
insulin needed to correct for elevated blood glucose level. In
general, use the 1800 “rule”, 1800 divided by (f) the Final
Pump TDD, to determine the ISF.

For example, if the patient takes (f) Final Pump TDD of 32
units of insulin, then 1800 divided by 32 (f) Final Pump TDD
equals a 56 mg/dl reduction in blood glucose per unit of bolus
insulin.

The provider may recommend the “2000 to 2200 rule” for
insulin sensitive individuals or the “1200 to 1500 rule” for
insulin resistant, Type 2, obese Type 1, or uncontrolled GDM
individuals.

CALIFORNIA DIABETES & PREGNANCY PROGRAM 9
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Trouble shooting Hyperglycemia Using the Pump - CSII
If blood glucose is >200mg/dl and a correction insulin dose
does not bring it down by at least 30-60 points in two hours,
urine ketones are checked. If urine ketones are moderate or
severe, an insulin correction bolus is given with a syringe and
the pump site and set should be changed. Blood glucose and
urine ketones are monitored and the provider called if either
glucose remains elevated or ketonuria persists at moderate to
severe levels (24).

The Problem with CSII

Unfortunately for some women, pumps make insulin dosing so
convenient that they may become careless about diet and
exercise. Without healthy eating and using problem solving
skills, the pump has no advantage over MDI. Malfunction
resulting in no insulin delivery can occur increasing the risk for
DKA. When using the pump one must attend to alarms and
check BG as indicated (24).

Problem Solving

Hypoglycemia Prevention and Management
Hypogycemia is prevented or managed safely. Refer to Table 10 in

Preconception and Interconception Care Chapter (Ch 2).

Considerations:

+ Does the patient wear a Medic- Alert® bracelet?

+ Does the woman with type 1 diabetes have someone close to
her who knows how and when to use glucagon, and do they
have unexpired glucagon available?

« If using an insulin pump, give a subcutaneous injection
correction bolus and change insertion set and insulin and
reinsert pump in a new site.

Hypoglycemia is the most common maternal complication occurring
in 6-41% of women with insulin-controlled diabetes and is an
expected result of intensive glycemic control (34). The peak
incidence of severe hypoglycemia in pregnancy is between 8 to 9
weeks and 15 to 16 weeks gestation. In women with Type 1 diabetes,
severe hypoglycemia occurs three to five times more frequently in
early pregnancy, whereas in the third trimester the incidence is
reduced (21). “Severe” hypoglycemia, is a hypoglycemic state which
requires the assistance of another individual, and is more common and
often more severe in type 1 diabetes, as compared to type 2 diabetes
(34).

Symptoms of hypoglycemia change during pregnancy making it more
difficult to sense low blood glucoses levels. Maternal hypoglycemia

CALIFORNIA DIABETES & PREGNANCY PROGRAM 10
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can be life threatening and risk increases with hypoglycemic
unawareness, which is the loss of warning symptoms that previously
allowed the patient to recognize the onset of hypoglycemia (35).
Hypoglycemic unawareness can be reversed by several weeks of
meticulous avoidance of hypoglycemia (35, 36). Refer to Table 2 for
signs and symptoms of hypoglycemia.

Table 2. SIGNS AND SYMPTOMS OF HYPOGLYCEMIA (33, 36, 37)

Systems affected Symptoms
Neurogenic (sympathetic nervous | Increased heart rate, sweating,
system stimulation) tremors, hunger, tingling in the

hands, feet, lips, or tongue

Neuroglycopenic (Deficient brain | Difficulty thinking, confusion,
glucose) irritability, seizure, coma, death

Hypoglycemia is not associated with adverse effects on fetal blood
flow, heart rate or breathing or measures of intellectual development
after birth (33, 38, 39).

Women and their significant others are taught strategies to prevent
hypoglycemia during pregnancy and rule of 15 to treat hypoglycemia,
including the use of glucagon for the most severe hypoglycemic
reactions (loss of consciousness and inability to swallow) (37). Refer
to Appendix H for strategies to prevent hypoglycemia and the Rule of
15 to treat hypoglycemia. For information about the administration
of Glucagon, refer to the website: http://pi.lilly.com/us/rglucagon-

ppi.pdf

Hyperglycemia Management
Hyperglycemia is managed safely by the pregnant woman who:
% Recognizes when BG is above 200 x 2-hours after correction a
bolus.
¢ When hyperglycemic as above, checks urine ketones and if
moderate or large, calls provider.
¢ If using an insulin pump, gives a subcutaneous injection
correction bolus and changes insertion set and insulin and
reinserts pump in a new site.

Conditions That Increase Insulin Needs
Insulin doses must be increased to overcome a reduction in
sensitivity for the following conditions (40, 41):
¢ Advanced pregnancy >24 weeks gestation (placental
mediated insulin resistance)
% Obesity BMI >30 (increased insulin resistance)
¢ Stress such as illness (preterm labor, preeclampsia), surgery
(Cesarean), psychosocial issues
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¢ Infection, especially when accompanied by fever, i.e. UTI,
pyelonephritis

+ Medications such as betamimetics (terbutaline, ephedrine,
epinephrine), Steroids (progesterone, betamethasone,
prednisone)

These conditions place a woman with preexisting diabetes at risk
for hyperglycemia and potential for ketoacidosis (40). Refer to
Appendix I for an algorithm of changes in insulin dosing during
betamethasone treatment (41).

Sick Days

The goals of sick day care are to:

** maintain normal glycemia

replace carbohydrate

provide adequate hydration

» prevent diabetic ketoacidosis, and

treat the cause of illness so that sick days are reduced

* 0

K/
0’0

X3

8

DS

X3

8

Sick day management is covered in the Medical Nutrition Therapy
Chapter (Ch 7).

Diabetic Ketoacidosis (DKA) Prevention

The incidence of DKA in pregnancy occurs in 1-3% of patients with
preexisting diabetes. The fetal mortality rate during this condition is
approximately 9-30%; and the risk of maternal death has been
estimated at 4-15% (5). Although more prevalent in patients with type
1 diabetes, there are case reports of DKA in patients with type 2
diabetes and gestational diabetes. Seventy-eight to ninety percent of
cases of DKA occur in the second and third trimester with blood
glucose less than 200mg/dL, and necessitates prompt recognition and
treatment (4). Predisposing and precipitating factors for DKA are
listed in Table 3 below.

Table 3. DIABETIC KETOACIDOSIS (DKA) (1, 4, 5)

Predisposing Factors ¢ Decreased buffering capacity (respiratory alkalosis of pregnancy)
» Vomiting and dehydration (hyperemesis, gastrointestinal disorder)
» “Accelerated starvation” of pregnancy
* Increased insulin antagonists (Human Placental Lactogen, prolactin,
cortisol)
» Stress

Precipitating Events » Poor blood glucose control
* Infection
» Use of steroids or betamimetics
* Omission of insulin doses or CSII failure not recognized and treated
+ Omission of doses of oral glucose lowering agents
+ Diabetic gastroparesis
* Newly diagnosed type 1 diabetes during pregnancy

CALIFORNIA DIABETES & PREGNANCY PROGRAM 12
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Nausea, vomiting, and decreased caloric intake in an otherwise normal
pregnant, diabetic woman, require evaluation to identify the cause and
exclude ketosis. On rare occasion, DKA has resulted in women with
type 1 diabetes when health care providers have withheld insulin due
to seemingly normal blood glucose. Insulin should not be withheld
for more than a few hours in a patient with type 1 diabetes, even in the
presence of normal blood glucose (4, 5).

DKA profoundly affects both the mother and the fetus. Maternal
volume depletion and acidosis leading to decreased uterine blood flow
may cause a relative fetal hypoxemia. Glucose and ketones readily
cross the placenta, parallel to maternal levels. In the presence of
maternal DKA, fetal heart rate changes may occur on a non-stress test
such as absence of baseline variability and the presence of late
decelerations.

Maternal hypokalemia can cause fetal and maternal cardiac
arrhythmias. While carefully monitoring both fetus and mother, the
underlying DKA must be corrected. These abnormalities are generally
reversible with appropriate aggressive treatment to improve the
maternal condition and stabilize the fetal heart rate patterns.

Recommendations for prevention, early identification and treatment,
of DKA include the following:

¢ Suspect possible DKA when type 1 diabetes women report GI
upset such as nausea, vomiting, poor oral intake, or flu-like
Symptoms.
Teach diabetic women to recognize and report these symptoms.
Measure urine ketones in the presence of persistent
hyperglycemia > 200 mg/dL. If moderate to large urine ketones
are present, the woman should notify her provider. The
presence of urinary ketones may trigger the need to obtain
serum ketone levels as there is a delay of several hours until
ketones from the blood appear in the urine. Chronic elevated
blood ketones (levels of > 2.0 mmols) have been implicated in
effecting fetal neuropsychomotor development (42, 43).
+¢ Identify and correct the underlying cause of the DKA (5).

7 R/
0‘0 0’0

Diabetic ketoacidosis in pregnancy is considered a medical emergency
and the woman should be treated in a high risk medical unit under the
combined care of medicine and obstetrics to reduce the chance of
maternal and fetal mortality. (73).

Reducing Risk

Identify, Evaluate and Treat any Diabetic Complications.

The initial medical evaluation is focused on establishing baseline
health status and identifying complications. Table 4 lists the
diagnostic tests, the trimesters during which they are obtained, and
their rationale.
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Reduce Fetal Morbidity and Mortality.

The fetus in a hyperglycemic environment is at risk for malformations,
macrosomia, lung maturity delays, birth trauma (shoulder dystocia,
brachial plexus palsy), polyhydramnios and origination of adult
metabolic disorders such as obesity, cardiovascular disease and type 2

diabetes (20, 21). Refer to the Neonatal Chapter (Ch 5).

Maternal tests to determine fetal well-being are described in Table 5.

Table 5. MATERNAL TESTS TO DETERMINE FETAL WELL-BEING (1, 40, 44, 45, 46, 47)

Weeks Test of Fetal Well-Being Rationale

Gestation

7-13 Ultrasound The most accurate measurement for dating is the crown-rump length
of the fetus. Ultrasound for dates: crown-rump length (CRL) and for
fetal heart activity to confirm viable pregnancy.

18 Ultrasound Anatomy Scan | An ultrasound anatomy scan, or level 2 ultrasound, is used to

(level 2 ultrasound) identify birth defects and track growth.

18-before | Fetal Echo Cardiogram Women with PDM should undergo a fetal echo cardiogram at 18-24

24 weeks gestation because cardiac defects are the most common birth
defect related to hyperglycemia. Early detection of abnormalities
can ensure adequate preparation for swift treatment of a cardiac
defect.

26 If vasculopathy or poor Women with poor glycemic control, high blood pressure, retinopathy,
glycemic control, start nephropathy or IUGR are at greater risk for poor outcomes and
weekly or twice weekly preterm birth, which warrants early antenatal testing by non-stress
Non-Stress Testing (NST)/ | testing and amniotic fluid index (NST/AFI). If NST is nonreactive
Amniotic Fluid Index (AFI) | BPP (biophysical profile) and Doppler flow studies of umbilical

arteries may be warranted.

26 Start kick counts Kick counts are a simple, effective way for the mother to monitor
fetal well-being due to an increased risk for fetal death (4-5 fold),
particularly in the third trimester. Counting kicks after a meal or in
the evening yields the best results. Teach women to report
decreased or absent movements ASAP to her provider.

28 Ultrasound for Growth Fetal measurements to estimate size and to evaluate velocity of
growth are matched to earlier ultrasounds.

An ultrasound done between 28 and 32 weeks gestation showing
fetal growth >75%, predicts LGA at term. Repeat if indicated.

28 Umbilical artery Doppler Intrauterine Growth Restriction (IUGR) may be detected by umbilical

studies artery Doppler studies.

32 Antenatal testing (NST/AFI)| Twice weekly or as prescribed for all preexisting diabetes.

36-38 Ultrasound for estimated This ultrasound can provide information to assess the timing and
fetal weight method of delivery. (See Intrapartum section).

<39 weeks | Amniocentesis for lung The hyperglycemic and hyperinsulinemic fetal environment delays

planned maturity surfactant production leading to an increased risk for respiratory

delivery distress after 35 weeks. No delay was found if well-controlled.

When deliver is <34-35 weeks gestation, betamethasone treatment
is used to enhance fetal lung maturity.

If an emergent delivery is indicated at <39 weeks, forgo
amniocentesis. Poor glycemic control is another indication for
delivery prior to 39 weeks.

CALIFORNIA DIABETES & PREGNANCY PROGRAM

18

MEDICAL MANAGEMENT/PREEXISTING DIABETES




CDAPP SWEET SUCCESS GUIDELINES FOR CARE - 2012 MEDICAL MANAGEMENT/PREEXISTING DIABETES

Healthy Coping and Living with Diabetes

Support women’s coping with diabetes and adapting to parenthood by:

¢ Developing a plan of care with team members based upon the
woman’s pregnancy goals

% Encouraging adequate support systems

¢ Assisting her to recognize stress and take steps to reduce it

+» Developing a working relationship with health care team with an
emphasis on team dynamics, supportive engagement, good
listening skills and motivational interviewing

Develop a plan of care with team members. “The complexity of issues
surrounding diabetes, and pregnancy, and the need for excellent
glycemic control require that different practitioners provide specific
types of care in an integrated manner with the patient at the center of
the management team” (1).

Anticipatory counseling is encouraged during pregnancy so women and
their partners are aware of expected changes and issues. Attention
should be paid to what the individual feels she can accomplish.

Set expectations for patient participation. Women with preexisting
diabetes enter pregnancy with individual approaches to their care.
Taking the approach that pregnancy will present unique challenges, (i.e.
morning sickness and tight glucose control) may encourage the woman
to try some new strategies. Starting with woman’s strengths, the
provider should maintain a balance supporting autonomy and safety.
The behavioral medicine specialist can be pivotal in moving women

through barriers to active participation. Refer to Psychosocial Chapter (Ch 9)
for more details.

Planning for Labor and Delivery

A delivery plan should be discussed and prepared by the 36th week
gestation. This plan is developed with the patient and her partner, and
is clearly communicated to the inpatient providers. Delivery should be
planned in a facility that can manage the anticipated complexities of
diabetes care.

The following information is discussed when formulating the plan (1,
43):

‘0

% Timing of delivery

Method of delivery

Pain management

When to call OB

Blood glucose control and insulin use during labor

» Management of maternal and fetal intrapartum complications
(i.e. shoulder dystocia, labor dystocia, and cesarean delivery)

R/
’0
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¢ Benefits of breastfeeding to both mother and infant
¢ Postpartum follow-up

CDAPP Sweet Success Guidelines for What Women with Preexisting
Diabetes can Expect During Labor, Delivery and Postpartum can be
found in Appendix J.

Intrapartum Management

The goals of intrapartum insulin management are to maintain maternal
normoglycemia at 70-110 mg/dL in order to optimize fetal tolerance of
labor and prevent neonatal hypoglycemia (48).

Timing of Delivery

Due to a lack of adequate prospective studies, timing of delivery
remains controversial. The American Congress of Obstetricians
and Gynecologists (ACOG) and the American Diabetes Association
(ADA) do not recommend delivery before 39 weeks unless a
woman has a clinical indication for preterm delivery (1, 48, 49).
Delivery prior to 39 weeks carries a risk of delivering an infant
with immature lungs. If delay of delivery is not possible, an
amniocentesis to determine fetal lung maturity should be
performed. If the lung indices indicate immature fetal lungs or the
gestational age is less than 35 weeks, use of betamethasone to help
lung maturation is a consideration (6, 49, 50).

Method of Delivery

The method of delivery for women with preexisting diabetes is
influenced by clinical and non-clinical factors. Clinically, infants
of these mothers weigh more and have greater fat distribution in
the trunk and shoulders, which increases the incidence of shoulder
dystocia (4.7-11.4%) in vaginal deliveries (1). However, shoulder
dystocia is difficult to predict and preventive cesarean deliver is
not an acceptable clinical practice. With large babies, preeclampsia
or labor abnormalities, such as active phase arrest, are more
common. Fetal heart rate abnormalities are more common with
preeclampsia, vasculopathy and maternal hyperglycemia (1).
Continuous fetal heart rate monitoring is recommended (1, 49, 51).
Morbid obesity in the mother may preclude monitoring the fetus
during labor. The ADA Consensus group states that birth weight at
term is strongly dependent on gestational age. They recommend
that if the estimated fetal weight (EFW) is 4000-4499 grams and
fetal lungs are mature at 37-38 weeks gestation, the decision may
be made to induce labor, or deliver by cesarean section at 39 weeks
(1, 48). While preexisting diabetes alone is not an indication for
cesarean delivery, 30-60 % of these women have cesarean births

(1).
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Labor and Management of Pain

Ripening the cervix with dinoprostone or misoprostol does not
have specific untoward effects with diabetes, however the usual
considerations for induction of labor apply (48). Pain can cause
elevation in stress hormones and an increase in blood glucose.
There are no contraindications to epidural anesthesia which is
considered the same as it is for nondiabetic women. Epidural
anesthesia attenuates catecholamine release during painful labor
and may actually improve insulin action to lower blood glucose
(52). Ephedrine administration to maintain maternal blood
pressure may cause a temporary increase in blood glucose for
several hours.

There is an association between operative vaginal delivery
including using forceps or a vacuum device to assist delivery and
an increased risk of shoulder dystocia (53). Therefore, before the
rare consideration of operative vaginal delivery, proper steps
should be taken in anticipation of shoulder dystocia. An
anesthesiologist, pediatrician, and well-trained nurses, familiar with
the management of shoulder dystocia, should be immediately
available. It is important to note that with the increase in obesity,
the incidence of shoulder dystocia has increased.

The woman’s relationship with her providers and her partner plays
a large part in the quality of her coping.

Glycemic Control During Labor

Labor is exercise so blood glucose and insulin requirements will
decrease. Insulin requirements drop by approximately one-third to
one-half during the first stage of labor and rise slightly in the
second stage (1). The target blood glucose range is 70-110 mg/dL
with optimum maintenance of blood glucose at about 100 mg/dL.
In a recent study, blood glucose at or above 108 mg/dl within 1
hour before delivery, increased the rate of neonatal hypoglycemia
(54, 55). The single most important action to maintain euglycemia
during labor is to check the blood glucose frequently. General
guidelines to optimize glucose control using Continuous
Intravenous Insulin Infusion (CIII) - Drip are found below in
Tables 6 and 7.
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Table 6. CLINICAL ACTIONS TO MAINTAIN MATERNAL EUGLYCEMIA USING CONTINUOUS
INTRAVENOUS INSULIN INFUSION (Clil) - DRIP FOR WOMEN WITH PREEXISTING DIABETES
(55, 56)

NOTE: For induction of labor in the morning, the usual dose of NPH insulin is given at bedtime the
night before but the morning dose of NPH insulin is withheld.

++ Obtain baseline blood glucose to confirm blood glucose is >70 mg/dL or <110 mg/dL.

+* In early labor, clear NON CALORIC liquids maybe taken. If carbohydrates are needed, use
intravenous dextrose (D5 1/2 NS) as a carbohydrate source, controlled by an infusion device. This
equals 5 grams dextrose per 100 mL of 1/2 normal saline. Women with gastroparesis must be NPO
throughout labor.

» Start main IV with 1000 ml LR at a rate of 50 mi/hr (or 100 ml/hr if not infusing glucose).

+ Initiate insulin infusion when blood glucose is >70 mg/dL for type 1 diabetes; or blood glucose is 91-
110 mg/dL for type 2 diabetes. NOTE: Insulin sticks to the IV tubing therefore, 10-20 ml of the insulin
solution must be flushed through the tubing prior to beginning the insulin infusion.

++ Check blood glucose every 30 minutes until close to 100 mg/dL. Adjust drip dose according to
algorithm depicted in Table 7.

When blood glucose is stable at 100 mg/dL, BG checks can be done once per hour. Anytime blood
glucose is out of the target range it is checked every 15 to 30 minutes.

+ If blood glucose is <100 mg/dL, begin infusion with 1000 ml D5LR (or D5NS) at 100 ml/hr using an
intravenous infusion controller devise.

+»+ Observe for signs of hypoglycemia and if present, check blood glucose levels immediately. If blood
glucose is <70 mg/dL, stop insulin infusion and treat for hypoglycemia (refer to Table 9).

« The insulin drip and blood glucose monitoring is continued while the patient is in labor, delivery or
undergoing cesarean section.

+ Following delivery of the infant and placenta, insulin requirements are cut in half. If insulin drip is to be
continued postpartum, the algorithm must be cut in half and blood glucose is checked every hour until
insulin drip is discontinued.

Table 7 consists of an algorithm for insulin doses during intrapartum and postpartum

Table 7. CONTINUOUS INTRAVENOUS INSULIN INFUSION (CIil) - DRIP DURING INTRAPARTUM
AND POSTPARTUM ALGORITHM (54, 56)

INTRAPARTUM POSTPARTUM

Blood glucose (mg/dL) Units of insulin in ml/hr Units of Insulin in ml/hr
100 units Regular human insulin in 100 ml NS (1ml = 1unit insulin)

<70 (treat for hypoglycemia) 0 0

71-90 0.5 ml/hr - Start for type 1 diabetes 0

91-110 1 ml/hr - Start for type 2 diabetes 0.5 ml/hr

111-130 2 ml/hr 1 ml/hr

131-150 3 ml/hr 1.5 ml/hr

151-170 4 ml/hr 2 ml/hr

171-190 5 mr/hr 2.5 ml/hr

>190 Assess urine for ketones, Call MD for insulin dose
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With the recommendation of the health care provider, a woman can use
her Continuous Subcutaneous Insulin Infusion (CSII) Pump during labor
in place of IV drip insulin (57). Table 8 lists the general principals of
managing CSII-Pump in labor.

Table 8. GENERAL PRINCIPALS OF CONTINUOUS SUBCUTANEOUS INSULIN
INFUSION (CSlI) - PUMP (25, 57, 58)

% For women using the CSII - Pump, basal rates remain the same until uterine activity is
regular.
When contractions are regular and patient is having clear non-caloric fluids, cut basal insulin
rates by 30% of the last pregnancy setting.

+»+» Check BG at least every hour and when not in target range, check BG every 30 minutes.

«» Cut basal rate by 50% of last pregnancy setting, when in active labor.

« If Correction Bolus is needed for BG >110 mg/dL, use half the dose and check BG in 30
minutes.

Table 9 addresses treatment of hyperglycemia and hypoglycemia when NPO.

Table 9. TREATING HYPERGLYCEMIA AND HYPOGLYCEMIA WHEN NPO (54, 56, 59)

Note: Hyperglycemia and Hypoglycemia can be avoided by frequent (no less than hourly)
blood glucose checks.

Treating Hyperglycemia

Consider source of elevated blood glucose: fever, infection, betamimetics (ephedrine or
terbutaline), pain or anxiety, and treat the source.

If blood glucose target of 70-110 are not achieved within 2 hours of insulin adjustments, modify
IV insulin per the algorithm in Table 7.

Treating Hypoglycemia (Notify physician)

If current blood glucose is 50 to 70 mg/dL:

Stop insulin infusion (either Drip-ClIIl or Pump-CSlI).

Infuse IV D5 solution at 200 ml/hr.

Check blood glucose every 15 min until >70 mg/dL x 2.

When blood glucose is 70 mg/dL, restart insulin infusion at a lower algorithm and reduce
D5 to 100 ml/hr.

If current blood glucose is less than 50 mg/dL:

STOP insulin infusion (either Drip-ClIIl or Pump-CSlI),

Infuse D10 solution at 200 ml/hr,

Check blood glucose every 15 min until >70 mg/dL x 2,

Carefully consider 10 ml of D50 IV push if BG continues to fall or does not rise above 70
mg/dL in 30 minutes, and

When blood glucose is 70 mg/dL, restart insulin infusion at a lower algorithm and reduce
D5 to 100 ml/hr.

Avoid Glucagon unless the patient is losing consciousness and IV access is lost.
Glucagon can cause nausea and vomiting, and it will block insulin for hours allowing the blood
glucose to surge above 200 mg/dL. Turn woman on her side.
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Cesarean Delivery (1, 25, 47, 51)

When cesarean birth is planned, it is advisable to schedule it in the
early morning, avoiding a prolonged fasting period from food and
fluid, which complicates insulin management. Women are advised
to take their full dose of NPH insulin at bedtime the night before.
The blood glucose is checked upon arrival at the hospital, the
fasting target is 80-100 mg/dl.

All women with type 1 diabetes require insulin. Many providers
will begin the D5 2 NS solution when the blood glucose is <130
mg/dl and provide the insulin drip to maintain ~100 mg/dL blood
glucose. If the blood glucose goes above 130 mg/dL the glucose
infusion can be stopped or reduced to 50 ml/hr and the insulin
continued per the algorithm in Table 7 in the postpartum column
(25, 51, 54).

For women with type 2 diabetes, if blood glucose is <100 mg/dL
then D5 1/2 NS is started at 100 ml per hour and the blood glucose
is checked in 30 minutes. Some women with type 2 diabetes will
need no insulin if their fasting BG is within target and they are not
fed or do not require the D5 IV solution (25, 51).

Continuous Subcutaneous Insulin Infusion (CSII) (56, 57, 58)
Women using an insulin pump who are scheduled for a cesarean
birth should maintain the same overnight basal insulin that brings
their fasting level to 80-100 mg/dl. Upon arrival at the hospital D5
IV solution is started, therefore she may not need an adjustment of
her basal insulin until after delivery. Initially postpartum there is
an increase in blood glucose due to the stress hormones released in
response to surgery, which can last through the two hour recovery
period. Blood glucose is checked every 30 minutes perioperatively
due to these rapid changes. It is not necessary to remove the pump
for surgery if blood glucose is within target range. If blood
glucose is below 80 mg/dL, the pump can be suspended for an
hour without adverse effects.

Impact of Cesarean Birth for Women with Preexisting Diabetes
The most common complication related to cesarean birth in
women with preexisting diabetes is separation from the baby and
delayed breastfeeding. Although some hospitals encourage
breastfeeding in the operating room, most do not. This can result
in the baby being in the nursery for several hours while the mother
is in the recovery room. The delay can be prolonged if the baby
has complications. The first hour after birth is the newborn’s most
alert awake time and this time may pass before breastfeeding is
initiated. This can contribute to delayed lactogenesis and newborn
hypoglycemia. Every effort should be made to get the couplet
together as soon as possible after delivery.
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POSTPARTUM
MANAGEMENT OF
WOMEN WITH
PREEXISTING
DIABETES

Infection (endometritis and wound break down) is more common in
uncontrolled diabetes. Perioperative antibiotic prophylaxis is effective
in reducing the incidence of postoperative fever, endometritis, and
wound infections (60, 61).

Cesarean birth carries a fivefold higher risk of thrombosis compared
with vaginal birth in non-diabetic women. There are no controlled
studies for women with preexisting diabetes. Thirty-six percent of all
Deep Vein Thrombosis (DVTs) occurred within the first 6 weeks
postpartum. Obesity increases this risk. Studies in non-diabetic women
suggest postoperative compression devices provide some preventative
benefit (62). Heparin prophylaxis may cause heparin induced
thrombocytopenia and major bleeding, therefore it is not recommended
(63, 64).

Postpartum insulin needs are reduced with the delivery of the placenta.
Appropriate adjustments are made as soon as possible to avoid
hypoglycemia. To enhance healing and reduce post-surgical
complications, hyperglycemia (blood glucose >160 mg/dl) should be
avoided (65, 66).

Glycemic Control after Vaginal Birth

These are the target blood glucose levels following a vaginal birth:
premeal and fasting 100-110 mg/dL, and 2 hour postmeal >100, <150-
160 mg/dL.

If women with preexisting diabetes were given insulin IV or by insulin
pump during a vaginal birth:

1. Discontinue the insulin drip (CIII) when blood glucose is <140
mg/dL or reset all pump parameters to one-third of the pregnancy
dose.

2. Discontinue the dextrose infusion when blood glucose is >80 mg/dl

3. Provide a meal and give one-half the premeal insulin dose (from
pregnancy) for type 2 diabetes and one-third the premeal insulin
dose for type 1 diabetes (23, 65, 67).

4. Alternately, the woman with type 2 diabetes may use metformin
and /or glyburide for blood glucose control at their prepregnant
doses. Some women with type 2 diabetes may need no medication
for a few days to a week after delivery (68).

5. Women with type 1 diabetes may need smaller insulin doses than
before pregnancy and may need no insulin for a short time (24-48
hours).

6. Blood glucose is checked frequently in the first few days
postpartum as insulin needs rapidly change especially with

breastfeeding (refer to Breastfeeding Chapter (Ch 8))
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Check blood glucose with vital signs during recovery and on
admission to the Postpartum unit

Check blood glucose before breastfeeding and following
breastfeeding at night or any time the mother plans a nap after
breastfeeding for the first few days. Refer to Breastfeeding

Chapter (Ch 8)

Check blood glucose 3 AM, fasting, before meals, two hours
after meals, and at bedtime

Glycemic Control after Cesarean Birth (20, 23, 65)

If women with preexisting diabetes were given insulin by IV or insulin
pump during a cesarean birth:
+ For type 1 diabetes, continue IV insulin infusion (drip-CIII) at half
the algorithm (Table 7) after the delivery of the placenta.

R/

+ For women using an insulin pump (CSII), reset all pump

parameters to one third the pregnancy dose when blood glucose is
<140 mg/dL.

L.

2.

Continue dextrose infusion @ 100 ml/hr or a rate to keep blood
glucose <140 mg/dL.

Check blood glucose every 1-2 hours while on IV insulin
infusion and continue to adjust the dose according to half the
labor algorithm.

. When able to take liquids provide NON-caloric NO-

carbohydrate clear liquids such as broth, tea, water and
transition to meals as soon as possible.

When able to have a meal, discontinue IV dextrose, discontinue
IV insulin and give one-half the pregnancy premeal insulin dose
for type 2 diabetes and one-third the pregnancy premeal insulin
dose for type 1 diabetes.

. Alternately, the woman with type 2 diabetes may use metformin

and /or glyburide for blood glucose control at their pre-pregnant
doses. Some women with type 2 diabetes may need no
medication for a few days to a week after delivery.

Women with type 1 diabetes may need smaller insulin doses
than before pregnancy or may need no insulin for a short time
(24-48 hours).

Blood glucose is checked frequently in the first few days
postpartum as insulin needs rapidly change especially with

breastfeeding (refer to Breastfeeding Chapter (Ch 8)).

* Check blood glucose with vital signs during recovery and on
admission to the Postpartum unit.

* Check blood glucose before breastfeeding and following
breastfeeding at night or any time the mother plans a nap after
breastfeeding for the first few days. (Refer to Breastfeeding

Chapter (Ch 8))

* Check blood glucose 3 AM, fasting, before meals, and one to
two hours after meals, and at bedtime.
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PREEXISTING
DIABETES:
POSTPARTUM SELF
CARE AND
MEDICAL
FOLLOW-UP

Plans for postpartum and interconception care should begin during
pregnancy. Medical follow-up is scheduled two and six weeks postpartum
to address early postpartum needs. The postpartum period offers an
opportunity for the woman and her healthcare providers to establish an
individualized health care plan (66). Maximizing BG control during the
interconception period is a priority. Delaying pregnancy more than 18
months during this transition period is recommended. A meta-analysis of
Birth Spacing and Adverse Perinatal Outcomes concluded that
Interpregnancy intervals shorter than 18 months are significantly
associated with increased risk of adverse perinatal outcomes (69). Select
the most effective method of birth control with the least adverse effect on
carbohydrate metabolism. Refer to the Appendix K for Contraception for
Women with Diabetes Mellitus.

Table 10, which follows, addresses recommendations for post partum self-

care and follow-up for women with preexisting diabetes.

Table 10. POSTPARTUM SELF CARE AND FOLLOW-UP FOR WOMEN WITH PREEXISTING
DIABETES (1, 66, 68, 70, 71, 72)

Self Management
Behavior

Goal

Rationale

Healthy Eating

» Postpartum follow up at 2-6 weeks with RD to
reinforce a meal plan that incorporates
principals of healthy meal and lifestyle.

» Encourage attainment of a healthy BMI.

* Adjust meal plan as needed to accommodate
breastfeeding needs and weight goals.

* Women with celiac disease can be deficient in
iron, fat soluble vitamins, B12 and folate.

Refer to Nutrition Chapter for
specific suggestions for
postpartum meal plan
recommendations.

Refer to Breastfeeding Chapter
and Appendix L, Nutrition Tips for
Women Who Breastfeed and Take
Insulin.

Blood Glucose

postpartum and while breastfeeding:
o Fasting/premeal <110mg/dL
0 2 hour postmeal <150 -170mg/dL
* Target if not breastfeeding:
o Fasting/premeal <120mg/dL
0 2 hour postmeal <180mg/dL
* Once blood glucose and medication
management are stabilized, check blood
glucose fasting, before meals and at bedtime.
Post meal testing as indicated.

Staying Active » With medical approval, encourage 30-60 Refer to Exercise Chapter
minutes per day, everyday, of brisk activity, Exercise increases insulin
such as walking, swimming stationary cycling | sensitivity and may decrease
etc. Find an ongoing, long term, enjoyable postpartum mood disorders.
activity program.

Monitoring * Maintain blood glucose within these targets for| Checking blood glucose 3-7 times

per day is associated with
improved glucose control and
fewer complications of diabetes.
Strive for A1C of <7% at 3 months
postpartum.
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Table 10. POSTPARTUM SELF CARE AND FOLLOW-UP FOR WOMEN WITH PREEXISTING
DIABETES Continued (1, 66, 68, 70, 71, 72)

Self Management Goal Rationale
Behavior
Taking Medications | < Maintain contact with provider throughout the | Refer to Appendices E1, E2, F1
first 6 weeks postpartum as insulin or oral and F2 to calculate Total Daily
hypoglycemic medication needs drop or Dose of insulin by MDI or pump.

change frequently.

» Metformin and glyburide are considered safe | Refer to Breastfeeding Chapter.
for breastfeeding.

* Women who utilized antihypertensive therapy
or lipid lowering medication, should consultant
with their physician regarding the medication
and breastfeeding.

Problem Solving » Advise the woman to notify the primary Inadequate glycemic control in the
physician who provides her diabetes care postpartum period can have
outside of pregnancy regarding the outcome | immediate and serious
of her pregnancy and schedule a follow up consequences such as poor
appointment. healing, infections or DKA.

» Although CDAPP Sweet Success Affiliates
may provide diabetes care until 6 weeks Prior to delivery advise women
postpartum, a primary care provider should be | with diabetes to see health care
available for emergencies. providers at 2-6 weeks for
postpartum follow up.

Reducing Risks  Continue normal diabetic care. Obtain A1C, Postpartum thyroiditis occurs in
lipids and TSH at 6 months postpartum or 10-23% of women with preexisting
sooner if indicated. diabetes, and risk increases for

* Target values: the next year. It is associated with
o A1C <7% postpartum depression and poor
o LDL <100mg/dL glycemic control, especially with
o HDL >50 mg/dL type 1 diabetes.
o TGs <150mg/dL

Two years between pregnancies is

* Breastfeed for at least 6 months, preferably recommended due to stress on the
for 1 year. health status of women from

insulin resistance of pregnancy.

* Plan future pregnancies:

o Postpartum begins preconception for Most methods of birth control are
future pregnancies. compatible with uncomplicated
o Plan for adequate birth control. preexisting diabetes.

Refer to Appendix A in the
Preconception Care Chapter.

Healthy coping » Encourage use of family and social support The nature of perinatal mood and
system (mothers groups etc.). anxiety disorders (PMAD) require
* Assess ability to provide care for self and providers to be able to identify,
infant. educate the family, and make

* Assess with Edinburgh Postnatal Depression | appropriate referrals.
Scale at 6 weeks postpartum and again at 3 Refer to Psychosocial Chapter.
months postpartum.
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Appendix A RISK FOR MAJOR OR MINOR CONGENTIAL ANOMALY
BASED ON PERICONCEPTIONAL A1C

The Congenital Anomaly Chart below illustrates that A1C at approximately 2 standard
deviations above normal increases the risk for congenital malformations.

RISK FOR MAJOR OR MINOR CONGENTIAL ANOMALY BASED ON
PERICONCEPTIONAL A1C *(1)

Standard 0 1 2 3 4 5 6 7 8 9 10 11 >12
deviation
from mean
Estimated 55 |62 |69 |76 |83 [90 |97 |104 | 111|118 [125]13.2>13.9
A1lc (%)
Abnormality | 2 3 3 4 5 6 7 8 10 12 14 17 20
risk (%)

*1. Guerin A, Nisenbaum R, Ray JG. Use of maternal Ghb concentration to estimate the risk of congenital anomalies in the off-
spring of women with prepregnancy diabetes. Diabetes Care 2007;30:1920-1925.

Multiple factors can change the A1C results. The table below is a partial list of factors
that are often encountered.

FACTORS THAT IMPACT BLOOD GLUCOSE LEVELS AND A1C BEFORE AND DURING
PREGNANCY *(2, 3, 4)

Increased Decreased BG/A1C
FACTOR BG/A1C
Nausea and vomiting /early pregnancy X
Late pregnancy due to increasing insulin resistance | X
Stress/Sepsis X
Timing of BG check in relationship to last meal X X
Individual post meal peaks X X

Exercise X Generally

Carbohydrate intake X X if restricted severely

t1Fat and protein content in meal X until after time of usual
peak BG

Medication ( betamethasone, betamimetics) herbs X Mostly

Anemia X

Inappropriate self-care (e.g. over treatment of X

hypoglycemia)

*2. Little RR, Roberts WL. A review of variant hemoglobins interfering with hemoglobin A1c measurement. J of Diabetes Science
and technology 2009;3(3):446-451.

*3. Herman WH, Fajans SS. Hemoglobin A1c for the diagnosis of diabetes. Polskie Archiwum Medycyny Wewnetrzne J
2010;120:37-40.

*4. Nielsen LR, Ekbom P, Damm P, et al. HbA1c levels are significantly lower in early and late pregnancy. Diabetes Care
2004;27(5):1200-1201.
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Appendix B Glucose Lowering Medication Sheet
Patient’s Name DOB
[ ] Humulin NPH (HN) [ ] Novolin NPH (NN) [] Vial [] Pen
[] Humalog (Lispro) [ ] Novolog (Aspart) [] vial [] Pen
[]  Metformin/Glucophage (Met) [ ] Glyburide (Glyb)
Other
Date Medication Breakfast | Lunch Dinner Bedtime | Other Initials
Initials Provider Signature
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Changes in Insulin Requirements During Pregnancy
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Appendix D Suggested Premeal Insulin Correction Algorithm
for patients using MDI only — not for pump use

SUGGESTED PREMEAL INSULIN CORRECTION ALGORITHM - MDI

If BG before meals Supplement the dose of
(breakfast , lunch and premeal rapid acting
dinner) is: analog by taking:

< 70 mg/d/ 2 units less Eat right away, inject insulin after the
meal.

71 - 80 mg/dl 1 unit less Eat carbohydrate right away.

81 - 99 mg/dI Take ususal/basic dose Eat right away.

100 - 129 mg/dl 1 unit more Eat right away.

130 - 159 mg/dl 2 units more Recheck in 15 min, eat when < 110 mg/dl.

160 - 189 mg/dl 3 units more Wait 30 minutes to eat if still > 110 mg/dI*.

> 190 mg/dl 4 units more Check CBG every 30 - 60 minutes, eat
when near 110*.
Check urine ketones.

If BG >200mg/dL, check urine ketones and call provider.

* Although it is best to wait until BG is in a “normal” range to eat, many pregnant women report
this to be difficult. In that case, we recommend eating the non carbohydrate portion of the meal
first.

This algorithm should be adjusted to make it effective for the individual. This algorithm uses
~30mg/dL correction above a target of a premeal BG of 100mg/dL. Below 80mg/dL insulin
sensitivity may increase, therefore, less than the usual dose should be taken. Again this algorithm
must be modified to individual needs and used before meals for patients using MDI.

Your basic dose of rapid acting premeal insulin is based on your ratio of units of insulin
to grams of carbohydrate at each meal. If you have a high or low blood sugar before a
meal you need to correct your insulin dose based on your premeal sugar as described
above. Insulin works better when your sugar is low or normal; therefore the timing of
your insulin dose is also important when trying to achieve good control. Adjust your
premeal basic dose based on the correction algorithm.

THIS IS NOT A SLIDING SCALE
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Appendix E-1

CALCULATING INSULIN DOSES

for Multiple Daily Injections (MDI) for Type 1 and Type 2 Diabetes

During Pregnancy

Calculate body weight in kilograms Current weight in pounds divided by 2.2 = (a)

(a) ____kg

Identify prepregnant BMI category (using Appendi G, Body Mass Index Table, or the link:
http://www.cdc.gov/healthyweight/assessing/bmi/index.html

BMI

Gestational age

Determine units/kg of insulin required using table below starting with the patient’s gestational
age. Then use Type 1 column they have type 1 diabetes (b)

OR

Use Type 2 column if they have type2 diabetes or type 1 diabetes with a BMI >30 or if the
patient has uncontrolled GDM (c).

Type 2/ obese Type 1,
uncontrolled GDM

(b) units/kg
OR
(c) units/kg

Pre pregnant 0.4-0.55 units/kg 0.5-0.7 units/kg
Week 1-17 0.3-0.5 units/kg 0.7-0.8 units/kg
Week 18-24 0.6-0.7 units/kg 0.8-1.0 units/kg
Week 25-32 0.8-0.9 units/kg 0.9-1.2 units/kg
Week 33-38 0.9-1.0 units/kg 1.2-2.0 units/kg
Post partum 0.3-0.5 units/kg 0.5-0.7 units/kg
Calculate Total Daily Dose (TDD): Patient’s weight in kg (a) X (b) OR (c) ____ units /kg = (d) | (d) units
Calculate BASAL INSULIN Dose
TDD (d) X 0.5 = total daily basal insulin (e) (e) units
Then adjust total basal insulin dose (e) by Method A or B depending on type of insulin used:
A. If using long acting analog such as glargine or detemir: Divide total daily basal insulin (f) units
(e) in half and give one half at bedtime (f) and the second half 12 hours later. at bedtime &
Total daily basal insulin (e) divided by 2 = ____ units/at bedtime (f) & ___ units to 12 units 12 hrs
hrs later later
OR
B. If using intermediate NPH, use one half total daily basal insulin (e) at bedtime and divide | (g) units
the other half dose into 2- 3 doses of basal insulin and administer with premeal bolus at Bedtime

insulin.

Total daily NPH insulin (e) divided by 2 = ____ units/at bedtime (g)

Second half dose
of NPH divided
into 2-3 doses

The second half dose of (e) divided into 2 or 3 and give with pre-meal insulin bolus described basal units
in Step 6 below with pre-meal
bolus

Calculate Pre-Meal Bolus Insulin Dose
TDD (d) X 0.5 =___ total daily bolus insulin (h)

Total daily bolus

Calculate Bolus Insulin Doses by Method A or B: (h) units

A. Determine INSULIN TO CARBOHYDRATE RATIO (I: CR) (I: CR=Grams of carbohydrate
metabolized by 1 unit of insulin). Total daily carbohydrates divided by TDD (d) = I:CR I:CR ratio
and this number tells you how much insulin to take per gram of carbohydrate. Then
estimate how much carbohydrate will be eaten for the meal and uses this number to
determine how much insulin to give prior to the meal. The patient needs to consult with
her physician or health care professional to determine the I:CR. (i) units
OR

B. Divide total daily bolus insulin (h) by 7 = fixed pre-meal (i) dose. Multiply fixed pre- | B: units
meal dose (i) by 3 to get breakfast dose; multiply by 2 to get lunch dose and multiply by | L: units
2 to get dinner dose. (Method B is used if the woman is eating a predetermined or D: units

prescribed amount of carbohydrate)

Reference: Kitzmiller, Jovanovic L, Brown F, et al, editors. Managing Preexisting Diabetes and pregnancy: technical reviews and consensus
recommendations for care. Alexandria(VA): American Diabetes Association; 2008.p.89-96.
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Appendix E-2 EXAMPLE OF CALCULATING INSULIN DOSES
for Multiple Daily Injections (MDI) for Type 1 and Type 2
Diabetes During Pregnancy
Example for woman 144 lbs, BMI 23.5, 10 weeks gestation,Type 1 Diabetes

Calculate body weight in kilograms: Current weight in pounds (144 Ibs) divided by 2.2 = (a) 65| (a) 65 kg

2. ldentify prepregnant BMI category (using Appendi G, Body Mass Index Table, or the link:
http://www.cdc.gov/healthyweight/assessing/bmi/index.html 23.5 BMI

3. Determine units/kg of insulin required using table below starting with the patient’s gestational
age. Then use Type 1 column they have type 1 diabetes (b) = 0.5 units/kg

OR (b) 0.5 units/kg
Use Type 2 column if they have type2 diabetes or type 1 diabetes with a BMI >30 or if the OR )
patient has uncontrolled GDM (c). (c) ____ units/kg

Type 2/ obese Type 1,

Gestational age Type 1 uncontrolled GDM
Pre pregnant 0.4-0.55 units/kg 0.5-0.7 units/kg
Week 1-17 0.3-0.5 units/kg 0.7-0.8 units/kg
Week 18-24 0.6-0.7 units/kg 0.8-1.0 units/kg
Week 25-32 0.8-0.9 units/kg 0.9-1.2 units/kg
Week 33-38 0.9-1.0 units/kg 1.2-2.0 units/kg
Post partum 0.3-0.5 units/kg 0.5-0.7 units/kg
4. Calculate Total Daily Dose (TDD): Pt's weight in kg (a) 65 X (b) 0.5 OR (c) ___ units/kg = (d) 32| (d) 32 units
5. Calculate BASAL INSULIN Dose
TDD (d) 32 X 0.5 = 16 total daily basal insulin (e) (e) 16 units
Then adjust total basal insulin dose (e) by Method A or B depending on type of insulin used:
A. If using long acting analog such as glargine or detemir: Divide total daily basal insulin (f) 8 units
(e) in half and give one half at bedtime (f) and the second half 12 hours later. at bedtime &
Total daily basal insulin (e) 16 divided by 2 = 8 units/at bedtime (f) & 8 units to 12 hrs later| 8 units 12 hrs later
OR
B. If using intermediate NPH, use one half total daily basal insulin (e) at bedtime and divide | (g) 8 units at
the other half dose into 2- 3 doses of basal insulin and administer with premeal bolus Bedtime
insulin. Second half dose
Total daily NPH insulin (e) 16 divided by 2 = 8 units/at bedtime (g) of NPH divided
into 2-3 doses
The second half dose of (e) divided into 2 or 3 and give with pre-meal insulin bolus described basal units
in Step 6 below with pre-meal
bolus
6. Calculate Pre-Meal Bolus Insulin Dose
TDD (d) 32 X 0.5 = 16 total daily bolus insulin (h) Total daily bolus
Calculate Bolus Insulin Doses by Method A or B: (h) 16 units
A. Determine INSULIN TO CARBOHYDRATE RATIO (I: CR) (I: CR=Grams of carbohydrate
metabolized by 1 unit of insulin). Total daily carbohydrates divided by TDD (d) = I:CR
and this number tells you how much insulin to take per gram of carbohydrate. Then I:CR ratio
estimate how much carbohydrate will be eaten for the meal and uses this number to
determine how much insulin to give prior to the meal. The patient needs to consult with
her physician or health care professional to determine the I:CR. (i) units
OR
B. Divide total daily bolus insulin (h) by 7 = fixed pre-meal (i) dose. Multiply fixed pre- | B: units
meal dose (i) by 3 to get breakfast dose; multiply by 2 to get lunch dose and multiply by | L: units
2 to get dinner dose. (Method B is used if the woman is eating a predetermined or D: units
prescribed amount of carbohydrate)

Reference: Kitzmiller, Jovanovic L, Brown F, et al, editors. Managing Preexisting Diabetes and pregnancy: technical reviews and
consensus recommendations for care. Alexandria(VA): American Diabetes Association; 2008.p.89-96.
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Appendix F-1 Calculations for Insulin Pump Continuous Subcutaneous

Insulin Infusion (CSII) During Pregnancy

To initiate CSIl from Multiple Daily Injections of Insulin (MDI)

Determine Total Daily Dose (TDD) by totaling all types of insulin (MDI) from pt. records = units/24 hours (a) (a) units
2 Calculate Reduced Pump TDD by reducing MDI TDD by 25%:

TDD of MDI (a) x 0.75 = Reduced Pump TDD (b) (b) units
3 Identify pre-pregnant BMI category. Use patient height and weight to determine BMI. Refer to Appendix G, Body

Mass Index Table, or use the link: www.cdc.gov\nccdphp\dnpa\bmi\calc-bmi.htm BMI
4  Determine units/kg or insulin required using the table below starting with the patient’s gestational age. (c) units

Then use Type 1 column if they have type 1 diabetes (c)

OR or

Use Type 2 column if they have Type 2 diabetes, or Type 1 Diabetes with a BMI >30, or if the patient has (d) units

uncontrolled GDM (d).

Obese Type 1, Type 2, or
uncontrolled GDM

Gestational age

Pre pregnant 0.4-0.55 units/kg 0.5-0.7 units/kg

Week 1- 17 0.3-0.5 units/kg 0.7-0.8 units/kg

Week 18-24 0.6-0.7 units/kg 0.8-1.0 units/kg

Week 25-32 0.8-0.9 units/kg 0.9-1.2 units/kg

Week 33-38 0.9-1.0 units/kg 1.2-2.0 units/kg

Post partum 0.3-0.5 units/kg 0.5-0.7 units/kg
5 Determine the Calculated TDD: Patient’s weight in kg X (c) or (d) = Calculated TDD (e) (e) ____ units
6 Calculate Final Pump TDD: (f) ___ units

Reduced Pump TDD (b) + Calculated TDD (e) divided by 2 = Final Pump TDD (f)
7 Calculate Total Daily Basal Insulin Dose: use 40% of final pump TDD

Final Pump TDD (f) x 0.4 = Total Daily Basal Insulin Dose (g) (9) units
Note: Less basal insulin is needed than bolus insulin

8 Determine Basal Rates # 3, #2, and #1 Follow steps A - C.
A. Total daily basal insulin (g) + 24 = This is #3 Basal Rate (h) per hour from to

(From awakening or 1 hr. after awakening to midnight, approximately 15-16 hrs. duration) (h) units
B. #3 Basal Rate (h) X 1.2 = This is #2 Basal Rate (i) per hour from to
(From 3 hrs before awakening to 1 hr. after awakening, 4- 5 hrs, duration) (i) units
C. #3 Basal Rate (h) X 0.8 = This is #1 Basal Rate (j) per hour from to
(From midnight to 3 hrs. before awakening, approximately 4 hrs, duration) (i) units
9 Calculate Total Daily Bolus Insulin Dose:
Final Pump TDD (f) x 0.6 = ___ Total Daily Bolus Insulin Dose (k) (k) units

OR use Insulin to Carbohydrate ratio (I: CR) to determine Bolus Insulin Dose.

INSULIN TO CARBOHYDRATE RATIO (I: CR) (I: CR = Grams of carbohydrate metabolized by 1 unit of
insulin).

Total daily carbohydrates divided by Final Pump TDD (f) = I: CR (l) and this number tells you how much insulin (1) I:CR
to take per gram of carbohydrate. Then estimate how much carbohydrate will be eaten for the meal and uses -
this number to determine how much insulin to give. The patient needs to consult with her physician or health
care professional to determine the I: CR.

For example, Use of 400-450 “rule” is based on the consumption of 400-450 grams of carbohydrate daily.
400 + Final Pump TDD (f) = I:CR

CORRECTION Bolus AKA Insulin Sensitivity Factor. To calculate the ISF, the patient consults with her
physician or health care professional to determine the amount of bolus insulin needed to correct for elevated
blood glucose level. In general, use the “1800 rule”, 1800 divided by the Final Pump TDD (f), to determine the ISF.
1800 + Final Pump TDD (f) = ISF (m) (m) ISF
For example if the patient takes a Final Pump TDD of 32 units of insulin, then 1800 divided by 32 (Final Pump -
TDD) equals a 56 mg/dl (m) reduction in blood glucose per unit of bolus insulin.
The provider may recommend the “2000 to 2200 rule” for insulin sensitive individuals or the “1200 to 1500 rule”
for insulin resistant, Type 2, obese Type 1, or uncontrolled GDM individuals.
Reference: Kitzmiller, Jovanovic L, Brown F, et al, editors. Managing Preexisting Diabetes and pregnancy: technical reviews and consensus
recommendations for care. Alexandria(VVA): American Diabetes Association; 2008.p.89-96.
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Example of Calculations for Insulin Pump Continuous Subcutaneous
Insulin Infusion (CSII) During Pregnancy
Example for woman 144 lbs, BMI 23.5, 10 weeks gestation, Type 1

Appendix F-2

To initiate CSIl from Multiple Daily Injections of Insulin (MDI)

Determine Total Daily Dose (TDD) by totaling all types of insulin (MDI) from pt. records = units/24 hours (a) (@) 43 units
2 Calculate Reduced Pump TDD by reducing MDI TDD by 25%:

TDD of MDI (a) 43 x 0.75 = Reduced Pump TDD (b) 32 (b) 32 units
3 Identify pre-pregnant BMI category. Use patient height and weight to determine BMI. Refer to Appendix G, Body

Mass Index Table, or use the link: www.cdc.gov\nccdphp\dnpa\bmi\calc-bmi.htm 23.5 BMI
4  Determine units/kg or insulin required using the table below starting with the patient’s gestational age. (c) 0.5 units

Then use Type 1 column if they have type 1 diabetes (c) 0.5

OR or

Use Type 2 column if they have Type 2 diabetes, or Type 1 Diabetes with a BMI >30, or if the patient has (d) units

uncontrolled GDM (d).

Obese Type 1, Type 2, or

Gestational age uncontrolled GDM

Pre pregnant 0.4-0.55 units/kg 0.5-0.7 units/kg

Week 1- 17 0.3-0.5 units/kg 0.7-0.8 units/kg

Week 18-24 0.6-0.7 units/kg 0.8-1.0 units/kg

Week 25-32 0.8-0.9 units/kg 0.9-1.2 units/kg

Week 33-38 0.9-1.0 units/kg 1.2-2.0 units/kg

Post partum 0.3-0.5 units/kg 0.5-0.7 units/kg
5 Determine the Calculated TDD: Patient’s weight in kg 65 X (c) 0.5 or (d) = Calculated TDD (e) 32 (e) 32 units
6 Calculate Final Pump TDD: (f) 32 units

Reduced Pump TDD (b) 32 + Calculated TDD (e) 32 divided by 2 = Final Pump TDD (f) 32
7 Calculate Total Daily Basal Insulin Dose: use 40% of final pump TDD

Final Pump TDD (f) 32 x 0.4 = Total Daily Basal Insulin Dose (g) 12.8 (g) 12.8 units
Note: Less basal insulin is needed than bolus insulin

8 Determine Basal Rates # 3, #2, and #1 Follow steps A - C.
A. Total daily basal insulin (g) 12.8 + 24 = 0.53 This is #3 Basal Rate (h) per hour from to

(From awakening or 1 hr. after awakening to midnight, approximately 15-16 hrs. duration) (h) 0.53 units
B. #3 Basal Rate (h) 0.53 X 1.2 = 0.64 This is #2 Basal Rate (i) per hour from to
(From 3 hrs before awakening to 1 hr. after awakening, 4- 5 hrs, duration) (i) 0.64 units
C. #3 Basal Rate (h) 0.53 X 0.8 = 0.42 This is #1 Basal Rate (j) per hour from to
(From midnight to 3 hrs. before awakening, approximately 4 hrs, duration) () 0.42 units
9 Calculate Total Daily Bolus Insulin Dose:
Final Pump TDD (f) 32 x 0.6 = 19.2 Total Daily Bolus Insulin Dose (k) (k) 19.2 units

OR use Insulin to Carbohydrate ratio (I: CR) to determine Bolus Insulin Dose.

INSULIN TO CARBOHYDRATE RATIO (I: CR) (I: CR = Grams of carbohydrate metabolized by 1 unit of
insulin).

Total daily carbohydrates divided by Final Pump TDD (f) = I: CR (I) and this number tells you how much insulin
to take per gram of carbohydrate. Then estimate how much carbohydrate will be eaten for the meal and uses
this number to determine how much insulin to give. The patient needs to consult with her physician or health
care professional to determine the I: CR.

For example, Use of 400-450 “rule” is based on the consumption of 400-450 grams of carbohydrate daily.

400 + Final Pump TDD (f) 32 = 1:12 I:.CR

CORRECTION Bolus AKA Insulin Sensitivity Factor. To calculate the ISF, the patient consults with her
physician or health care professional to determine the amount of bolus insulin needed to correct for elevated
blood glucose level. In general, use the “1800 rule”, 1800 divided by the Final Pump TDD (f), to determine the ISF.
1800 + Final Pump TDD (f) 32 = ISF (m) 56 (m) 56 ISF
For example if the patient takes a Final Pump TDD of 32 units of insulin, then 1800 divided by 32 (Final Pump
TDD) equals a 56 mg/dl (m) reduction in blood glucose per unit of bolus insulin.

The provider may recommend the “2000 to 2200 rule” for insulin sensitive individuals or the “1200 to 1500 rule”
for insulin resistant, Type 2, obese Type 1, or uncontrolled GDM individuals.

Reference: Kitzmiller, Jovanovic L, Brown F, et al, editors. Managing Preexisting Diabetes and pregnancy: technical reviews and consensus
recommendations for care. Alexandria(VA): American Diabetes Association; 2008.p.89-96.

() 1:121:CR
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Appendix H Strategies to Prevent Hypoglycemia and the Rule of 15 to
Treat Hypoglycemia

Strategies to Prevent Hypoglycemia during Pregnancy with Preexisting Diabetes *(1, 2, 3, 4)

« Check BG Frequently (at least 8-12 times per day)
¢ Divide 175 grams (or more) carbohydrates into 6 small meals 2 to 3 hours apart.

% Avoid more than 60 grams of carbohydrates in one meal (Insulin dose will be high and last
longer)

% Always carry glucose meter, glucose tabs, and water
+« Use insulin analogs such as glargine or detemir, as they are associated with less hypoglycemia

+«+ Switch from MDI to CSII. Pump therapy is associated with lower rates of hypoglycemia

+«+ Check blood glucose before exercise, Eat a 15 grams carbohydrate snack if BG is 100mg/dL or
less before the workout. Check BG in midpoint and at the end of workout

¢ Check blood glucose before driving to ensure BG is within a normal range (>80mg/dL)
% Avoid delay of meals, snacks beyond 3-4 hours

+ If blood glucose is less than 100 mg/dL one hour after the meal take another 15 grams carbohy-
drate.

+« Eat breakfast within an hour after waking

 Avoid “stacking insulin, correcting high blood glucose without waiting 2 hours for insulin dose to
work
*1. Tkacs NC. Hypoglycemia unawareness. AJN. 2002;102(2):34-40.
*2. Ringholm L Pedersen-Bjergaard U, Thorsteinsson B, et al. Hypoglycaemia during pregnancy in women with Type1 diabetes. Diabet
Med.. 2012;29:558-566.
*3. Boyle PJ, Zrebiec J. Management of diabetes related hypoglycemia. Southern Med J. 2007;100(2):183-194.
*4. Cryer PE, Davis SN, Shamoon H. Hypoglycemia in Diabetes. Technical Review. Diabetes Care, 2003;26(6):1902-1912.

RULE OF 15 TO TREAT HYPOGLYCEMIA *(4)
Check blood glucose : if blood glucose < 70mg/dL apply the Rule of 15

The rule of 15 is:
« treat with 15 grams of carbohydrate,
+ recheck blood glucose in 15 minutes, and

« expect to see a rise of blood glucose by 15 points minimum.

Instruct patient as follows:

Treat with 15 grams fast-acting carbohydrate:
% 4 glucose tabs with water or
% 8 ounces non-fat milk or
* 4 ounces juice
Check blood glucose in 15 minutes:
% blood glucose should increase at least 15 points

< If not 15 points higher or greater than 70, repeat treatment
% Once blood glucose is >70mg/dL, have a 15 gm snack with protein or a meal

*4. Cryer PE, Davis SN, Shamoon H. Hypoglycemia in Diabetes. Technical Review. Diabetes Care. 2003;1902-1912.
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Appendix I

Day One:
BMZ 12 mg

Insulin Adjustments During
Betamethasone (BMZ) Use Algorithm

Day Two:
BMZ 12 mg

Days Three & Four:

Day Five:

Double all insulin
doses (TDD)
(Basal and bolus)

Continue with doubled
doses and modify as
needed for () Target
BG’s

Decrease the previ-
ous day’s increased
doses by 50%. and
add this to the original
dose

Revert to pre
betamethasone insulin
doses

For example: If TDD insulin dose before Betamethasone = 50 units
Day one = double TDD insulin dose = 100 units
Day 2 = same as day 1 = 100 units
Day 3 and 4 = half of insulin increase + TDD insulin dose = 25 + 50 = 75 units

Day 5 = revert to TDD insulin dose = 50 units

This algorithm must be individualized to patient response

Mathiesen ER. Christensen ABL, Hellmuth E, et al. Insulin dose during glucocorticoid treatment for fetal lung
maturation in diabetic pregnancy: test of analgoritm. Acta Obstet Gynecol Scand. 2002:81:835-839.

Kitzmiller JL, Jovanovic LB, Brown FM, et al. editors Managing preexisting diabetes mellitus and pregnancy:
technical reviews and consensus recommendations for care. 2008. American Diabetes Association

Alexandria, VA.
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Appendix J CDAPP Sweet Success Guidelines for What Women with
Preexisting Diabetes Can Expect During Labor, Delivery and
Postpartum

Labor is Activity/Exercise

Healthy Coping

Remember: Like exercise, labor lowers the body’s need for insulin so your blood sugar (BS) is
naturally lower. Pain and stress can increase the need for insulin and raise the BS level.
Relaxation and pain medications can help control BS levels.

Monitoring your BS

During labor it is important to keep your BS level at 70-110 to prevent your baby from having
hypoglycemia, low BS at birth. Your BS should be checked shortly after you arrive at the
hospital. Your BS should then be checked every hour while you are in labor. (When on IV insulin
your BS should be checked more frequently).

Taking Medication

If your delivery is being induced and you are still eating meals, take your rapid acting premeal
insulin. If you are taking intermediate acting insulin (NPH) take this only as directed by your
Sweet Success Team or your doctor. Usually AM NPH is not taken during the day of induction.
Once labor starts or regular contractions occur, an IV insulin drip may be started to keep BG at
70-110mg/dL.

Healthy Eating

When labor begins you may be allowed to have only liquids. Stick to clear broth, diet Jell-O, diet
popsicles, water and tea. These have no carbohydrates. There may come a point during your
labor when you will not be allowed you to eat or drink anything. If your BS falls below 100 you
may get an IV that contains sugar (called “D5”).

Reducing Risks To Your Baby After They Are Born

The most common risk for your baby right after birth is hypoglycemia (BS level less than 45).
You can help prevent the baby’s low BS by keeping him/her warm and dry and by breastfeeding
early and often. The best way to keep your baby warm and dry is by holding him/her skin to skin
near your heart. A cold wet baby uses more BS and has a greater chance of hypoglycemia. It is
important to breastfeed your baby within the first hour of life. Make sure you express some
colostrum into the baby’s mouth. Colostrum can help the sugar in the baby’s liver to be released
into the baby’s blood stream. Breast feed at least every 2 hours to help keep the baby’s BS
within a normal range: (50 -120). The baby will have several BS checks during the first day of life
depending on the hospital policy. If you have DM1 your blood sugar can drop significantly while
breastfeeding so you should check your BG before and after feeding for the first few days. If
your BG is <100mg/dL take a 15 gm carbohydrate snack without insulin.

Problem Solving

After the delivery of the placenta, you will need 0.3 to 0.5 of the last pregnancy dose of insulin. It
is important for you to have your BS checked frequently: fasting, before and after meals, at
bedtime and at 3 AM.

The first few weeks postpartum are a time of rapidly changing insulin needs. Frequent BG
checks will help you to keep your BG in a healthy range: fasting/premeal <110 mg/dL and 1-2
hour postmeal <150-160 mg/dL. You should be seen by your provider within 2 weeks after
delivery.
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Appendix K Contraception Options for Women with
Diabetes Mellitus
Method Considerations for women with preexisting
diabetes and gestational diabetes mellitus
Barrier Methods - condoms, % Higher failure rates.
diaphragm, cervical cap + Condoms provide protection against HIV and STD’s.

Failure rates improve with the addition of spermicides.

Hormonal Methods - birth control | < Prevent ovulation, require monitoring of weight, blood
pills, injections, patches, vaginal pressure, pre and post glucose, fasting lipids, and
rings, and implants vascular screen.

Not recommended for women who smoke or have

micro and/or macrovascular complications.

Increase the incidence of depression.

May affect lipids by decreasing HDL and increasing

LDL and cholesterol.

+ Combination pills not recommended until
breastfeeding is well established at 6 weeks-3
months. Not shown to affect glucose intolerance.

+» Progestin only will increase glucose intolerance for
preexisting DM and may require medication
adjustment.

% Progestin only for GDM will nearly triple the diabetes
diagnosis above women using non-hormonal methods
while breastfeeding. It is not recommended.

R/
0’0

X3

8

X3

8

Spermicides + High failure rates of 14-30% if used alone.
% Due to high failure rate of this method, women should
be offered on going preconception care.

IUD « Up to 99% effective at preventing pregnancy.
+ Those that contain hormones do not have a systemic
effect on blood glucose.

Natural Family Planning - periodic | <+ Significant failure rates of 0.2-27%

abstinence, calendar method, ++ Due to high failure rate of this method, women should
ovulation method, symptothermal be offered on going preconception care.

method, continuous
breastfeeding,and withdrawal.

Sterilization ¢+ Surgical procedure, usually not reversible.
Emergency Contraception % 1-2% failure rate and is only method post sexual
activity.

+ Progestin in these products may temporarily disrupt
glucose control.
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Appendix L

Nutrition Tips

For Women who Breastfeed
and Take Insulin

“I have diabetes. I take
insulin to control my blood
sugar. When I was
pregnant [ decided I was
going to breastfeed my
baby. Breastfeeding is the
best thing for both of us.”
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Breastfeeding is good for you and your baby. Your breastmilk is the best food
for your baby. Your baby will not get diabetes from your breastmilk. Breastmilk
helps prevent your baby from having diabetes later in life.

The longer you breastfeed, the better it is for you and

your baby. Breastfeed for at least one year.

Right after your baby is born, your insulin needs are
lower. Breastfeeding also lowers your insulin needs. You
may need to use less insulin and change your meal plan to
stay in good blood sugar control. Keep in touch with your
health care team to learn your blood sugar goals for
breastfeeding.

Here are some tips to help you breastfeed:

1 Breastfeed your baby often (eight to twelve times each day). This will
help you make more milk.

2 Sip on a beverage each time you breastfeed.

3 Your blood sugar levels may drop quickly during or after breastfeeding.
To keep your blood sugar from getting too low you should:

7/

¢ Nap after meals or snacks, not before.

% Have a snack just before or while you breastfeed your baby. This may
help prevent you from having low blood sugar. Your snack should
include 1 serving from the starch, fruit or milk group. You could have:
- 1 slice of toast or 6 crackers, or
- 1 small apple or 1 cup of melon, or
- 1 cup of yogurt or 1 cup of low fat milk

¢ Learn how your blood sugar responds to breastfeeding. Test your blood
sugar before and after you breastfeed at least once so you can see the
effect on your blood sugar.

¢ With the help of your health care team, adjust your meal plan and
insulin so that your blood sugar is a little higher that when you were
pregnant. Aim for blood sugar levels of less than 155 - 160 mg/dl at
one hour after meals.
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4 Continue to eat healthy foods. Follow the meal plan you were given
when you were pregnant until you can meet with your dietitian.

5 Limit the amount of fats you eat each day. Some examples of fats are:

% butter % oil +¢ salad dressing
¢ bacon * sour cream  ** mayonnaise

6 Eat high fiber foods. Some examples of high fiber foods are:
% beans % whole grains
¢ vegetables

7 Be aware of your baby’s growth spurts. Your meal plan and insulin
needs may change during these times.

8 If you have type 2 diabetes, stay on insulin while you breastfeed. If
you are not able to stay on insulin, talk to your health care team
about other medicine choices.

9 Get to a weight that is best for your height. Lose weight slowly. Try to
lose between 1 and 4 1/2 pounds a month. Talk to your health care
team about healthy ways to lose weight. Try the following:

¢ Set a weight goal. Break your main goal into smaller “mini” goals.
For example, you may want to lose a total of
30 pounds. Your first “mini” goals might be
to lose 3 pounds this month.

¢ Do not use diet pills!

+ Talk with a dietitian to help you plan a
healthy diet.

10 Ask your health care team if you need to take
any vitamin or mineral pills.

11Plan an exercise routine. Walking is a good
choice.
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Sample Menu

Time Meal Plan Menu Ideas

Breakfast | Milk
7:00am Starch

1/2 cup non-instant oatmeal

Fruit
Vegetable 1 cup chopped onion, tomato, bell pepper mixed in eggs
Protein 2 eggs
Fat/Qil 1 tsp canola oil (to fry eggs and vegetables)
Snack Milk 1 container no sugar added, low fat yogurt
9:30am Starch 3 cups plain popped corn
Lunch Milk
12:00pm Starch 2 slices whole wheat bread
Fruit
Vegetable lettuce, tomato, sprouts (on sandwich)
Protein 2 oz sliced turkey
Fat/Oil 2 tsp mayonnaise
Snack Protein 1 oz low fat cheese
3:00pm Starch 1 tortilla (6 inches)
Fruit 17 small grapes

Dinner Milk
6:00pm Starch

1 cup 1% milk
1/3 cup cooked brown rice

IEONEUNEY =N VG e I G e ) OO RS § I G e RS G o ) EEGREN BRI G o G o |

Fruit 1 small apple
Vegetable 1 cup broccoli
Protein 2 oz lean beef
Fat/Qil 1 tsp margarine
Snack Protein 1 cup 1% milk
9:00pm Starch 1 tbsp natural peanut butter
Fruit 1 slice whole wheat bread

If you need help call:
Your health care provider or clinic:
Breastfeeding Resource Listing: 1 800 835-5968
Lactation Program:
La Leche League International: 1 800 525 -3243
Wellstart International: 1 619 295 -5193
WIC:

For diabetes and pregnancy information go to:
www.CDAPPSweetSuccess.org
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For more information: California Department of Public Health, Center for Family Health
Maternal Child and Adolescent Health Division
California Diabetes and Pregnancy Program (CDAPP) Sweet Success
Guey-Shiang Tsay, RN, MSN
(916) 650-0300

http://www.cdph.ca.gov/programs/CDAPP

or

California Diabetes and Pregnancy Program (CDAPP) Sweet Success
Resource and Training Center

Cynthia Pefia, MPH, MSW

(858) 536-5090

http://www.CDAPPSweetSuccess.org
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4 MEDICAL MANAGEMENT
AND EDUCATION FOR
GESTATIONAL DIABETES
MELLITUS

INTRODUCTION Carbohydrate intolerance of variable severity that is first recognized
during pregnancy is referred to as gestational diabetes mellitus (GDM)
(1). New diagnostic criteria allow for the diagnosis of preexisting
diabetes at the initial prenatal visit. The American Diabetes Association
(ADA) position statement, based on recommendations from the
International Association of Diabetes and Pregnancy Study Groups
(IADPSG), recommends that a high-risk woman found to have diabetes
at her initial prenatal visit should receive a diagnosis of type 2 diabetes
and not gestational diabetes (2). Based on this, CDAPP has developed
the algorithm “Guidelines for Diagnosis of Hyperglycemia in
Pregnancy-2011" which includes early detection of GDM (Appendix
A).

GDM accounts for approximately 90% of all diabetic pregnancies.
From 1997 to 2005, the incidence of GDM has doubled in California to
7.6% (3). The trend toward increased GDM is attributed to unhealthy
diet, obesity, sedentary lifestyle, improved screening, maternal exposure
to high blood glucose levels in-utero, and new diagnostic guidelines (2,

4,5, 6).
RISK ASSESSMENT Table 1 lists high risk indicators for an early GDM screen.
AND EARLY
SCREENING

Table 1. HIGH RISK INDICATORS FOR EARLY SCREEN FOR GDM
(First Prenatal visit) (2, 7, 8)

++ Overweight or obese

+ History of GDM in a prior pregnancy

% Presence of glucosuria

+ Diagnosis of Polycystic Ovary Syndrome (PCOS)

“ Women of ethnic groups with a high prevalence of diabetes: African
American, Latino, Native American, Asian American, and Pacific Islander

+« Family history of diabetes (i.e. first degree relative with DM)

+« Previous delivery of large-for-gestational age infant

+«+ Chronic use of medication that may affect blood glucose levels (e.g. steroids,
betamimetics, atypical antipsychotics)

CALIFORNIA DIABETES & PREGNANCY PROGRAM 1
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Table 2 lists diagnostic criteria for GDM.

Table 2. DIAGNOSING GDM BASED ON 75 GRAM, 2-HR ORAL
GLUCOSE TOLERANCE TEST (2, 8)
Diagnostic blood glucose values:
Fasting: >92 mg/dL
One hour: > 180 mg/dL
Two hour: > 153 mg/dL

One abnormal value is diagnostic of GDM.

The Hyperglycemia and Adverse Pregnancy Outcomes (HAPO) Study
illustrated the impact of elevated blood glucose. The study concluded
that elevated fasting and 1 hour blood glucose levels were highly
correlated with macrosomia, and increased newborn hypoglycemia. A
mother’s fasting blood glucose greater than 90 mg/dl is associated with
nearly a three-fold increase of macrosomia and nearly a four-fold
increase in newborn hypoglycemia (9).

A major reason we are concerned about early diagnosis of GDM and
control of a pregnant woman’s blood sugars is the impact that poorly
controlled blood sugar has on her fetus.

Table 3 lists fetal complications and long term risks to offspring due to
poorly controlled maternal blood glucose.

Table 3. FETAL COMPLICATIONS DUE TO POORLY CONTROLLED
MATERNAL BLOOD GLUCOSE (4, 5, 6, 10)
* Shoulder dystocia * Jaundice
* Other birth injuries * Respiratory distress
* Hypoglycemia * Polycythemia
* Poor feeding * Hypocalcemia
* Hyperbilirubinemia o Stillbirth

Long- term risks to offspring from poor maternal glycemic control
include (11, 12, 13):

¢ Obesity

% Cardiovascular disease

+ Impaired glucose tolerance

+ Type 2 diabetes

CALIFORNIA DIABETES & PREGNANCY PROGRAM 2
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Table 4 lists criteria for diagnosing overt diabetes during pregnancy.

Table 4. CRITERIA FOR THE DIAGNOSIS OF OVERT DIABETES
DURING PREGNANCY (2)

* A1c 26.5% at 13 weeks or more gestation. The test should be performed in
a laboratory using a method that is National Glycohemoglobin
Standardization Program (NGSP) certified and standardized to the Diabetes
Control and Complications Trial (DCCT) assay.

OR
* FPG = 126 mg/dl. Fasting is defined as no caloric intake for at least 8 hours.
OR

** Two-hour plasma glucose = 200 mg/dL during an OGTT. The test should be

performed as described by the World Health Organization, using a glucose

load containing the equivalent of 75 g anhydrous glucose dissolved in water.
OR

In a patient with classic symptoms of hyperglycemia or hyperglycemic crisis,

a random plasma glucose = 200 mg/dl.

X3

AS

Table 5 addresses 3rd trimester GDM screening methods for women
who have experienced hyperemesis or who have undergone gastric
bypass surgery. Abnormal results from any of these methods should
receive a diagnosis of GDM and be treated.

Table 5. GDM SCREENING FOR WOMEN WHO HAVE HYPEREMESIS
OR HAVE UNDERGONE GASTRIC BYPASS (2, 14, 15, 16)

Check FPG and plasma glucose1 hour after a meal at gestational weeks of
22-24, 28-32, and 34, while she continues her usual diet.

R/
0.0

OR
** Obtain fasting and 1 hour post-meal blood glucose for 1 week with a blood
glucose meter while she continues her usual diet.

OR
* Alc 2 6.5%, = 13 weeks gestation. The test should be performed in a
laboratory using a method that is NGSP certified and standardized to the
DCCT assay.
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Initial Prenatal Visit

The initial visit for diabetes care while pregnant including (17, 18, 19,
20):
+ a thorough review of the medical and obstetric history, current
condition(s), and medications taken by the pregnant woman
+* physical Assessment including:
¢ Height
¢ Weight
¢ Blood pressure during the initial visit and on subsequent visits.
Women with GDM are at high risk for hypertensive disorders
during pregnancy
¢ Test urine protein during the initial visit and as indicated,
especially if the woman has signs and symptoms of

preeclampsia
SELF MONITORING OF Women who are diagnosed with GDM are taught to periodically self
BLOOD GLUCOSE monitor or test their blood glucose.

(SMBG)

Timing of Self Monitoring

The recommended timing of self-monitoring and blood glucose targets
are based on documented results from Continuous Glucose Monitoring
Systems (CGMS). These systems found that interstitial glucose in
pregnant women peaks within 60-90 minutes of the beginning of the
meal (21, 22). Glycemia subsides and insulin and glucose levels return
to premeal levels within two hours (23). Based on this, monitoring at
one hour after beginning the meal is preferred, since postmeal glycemic
peak values correlate most closely with outcomes such as macrosomia
and neonatal hypoglycemia (24).

The blood glucose targets we aim for are included in Table 6.

Table 6. BLOOD GLUCOSE TARGETS DURING PREGNANCY (9, 25, 26,

27)
Fasting/Premeal*® 60 - 89 mg/dL
Premeal/ Bedtime/ Overnight 60 - 99 mg/dL
Peak postprandial (test at 1 hour from beginning of meal) 100 - 129 mg/dL
Mean daily glucose >87 mg/dL, <100 mg/dL

* In women with GDM, fasting blood glucose greater than 90 mg/dl was associated with an
odds ratio of 2.73 for macrosomia and an odds ratio of 3.62 for c-peptide levels in cord
blood at delivery for neonates that had birth weights >90th percentile.
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MEDICATION Oral Hypoglycemic Agents (OHA)

When diet and exercise fail to maintain normal blood glucose levels,
medication therapy is indicated. Medication is initiated when >20% of
the blood glucose (BG) values in one week are out of range, or BG
values are repeatedly elevated at a specific time of day; and meal plan
or activity cannot be modified to correct the elevated blood glucose
(28).

While insulin has long been the treatment of choice, new evidence
supports the use of OHAs in the management of GDM (29, 30).
Women utilizing OHA should continue diet, exercise, blood glucose
testing and receive fetal surveillance as with insulin management.

Glyburide Facts:
¢+ Second generation sulphonylurea.
++ ‘First phase insulin response’ interacts on the B-cell plasma
membrane, allowing immediate insulin release of preformed
insulin adjacent to the membrane.
» ‘Second phase insulin response’ is prolonged as newly formed
insulin is moved to the cell membrane from inside the B-cell (31).
Hypoglycemia is common with glyburide use.
Maximum drug peak in pregnancy occurs 2-4 hours after intake
with a prolonged ‘second stage’ response (32).
«» The glucose peak after a carbohydrate load is 90 minutes (22).
Generally, the medication is taken twice daily, 1 hour before meals.
Glyburide failure occurs in approximately 20% of patients (33, 34).

*0

3

8

R/
0’0

O/ R/
0‘0 0’0

Table 7 describes the Glyburide Protocol.

Table 7. GLYBURIDE PROTOCOL (29)

+ Begin with 1.25 mg/day (maternal body weight < 200 Ib) or
2.5 mg (maternal body weight >= 200 Ib) either in the AM or PM depending on
individual needs.

+ Administer 60 minutes premeal. Administration closer to the meal may result in
symptomatic hypoglycemia 1-2 hours post meal.

+ To control fasting plasma glucose, glyburide can be given at 10 to 11 PM.

+ Increase by 1.25 mg to 2.5 mg, every 3-7 days until glycemic targets are met or
maximum daily dose of 20 mg.

« Teach hypoglycemia prevention and management.
« Adhere to MNT meal and snack regimen to avoid hypoglycemia.
« Monitor weight as glyburide is associated with weight gain.

« Glyburide can be used postpartum and is not present in appreciable
concentrations in breast milk.
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Please note that not everyone will benefit from the use of
glyburide. Predictors of glyburide failure include:

% Maternal age (> 34 years)

+« Early diagnosis of GDM (< 25 weeks)

¢ Higher gravidity and parity

+ Elevated mean fasting blood glucose values (35)

Metformin
Metformin, another OHA is a biguanide or an insulin sensitizer.
Metformin, with its smaller molecular weight, crosses the placental
barrier (36, 37, 38). Among 126 infants of 109 mothers with
polycystic ovary syndrome who used metformin at the time they
became pregnant and continued to use it throughout their pregnancy,
there were no teratogenic affects. These infants had normal height,
weight and motor-social development during the first 18 months of
life (39).

Metformin Facts:

++ Does not cause hypoglycemia

« If women are taking metformin prior to pregnancy or at the first
prenatal visit, it is recommended they continue to take metformin
(40, 41)

% Crosses the placenta and crosses into breast milk (36, 38, 42)

+ Breastfeeding with metformin appears to be safe with no difference
between infants breastfed by women not taking metformin (36, 43,
44)

+ Metformin utilization is associated with improved lactogenesis in
women with Polycystic Ovary Syndrome (PCOS) (36, 43, 44)

Table 8 describes the protocol for the use of Metformin.

Table 8. METFORMIN PROTOCOL (36, 45, 46)

% Begin with 500 mg once or twice daily with food, depending on the pattern of
hyperglycemia.

+ Increase dose by 500 mg every 3-7 days as limited by Gl side effects until
glycemic targets are met or maximum daily dose of 2500 mg.

+ Obtain serum creatinine at start of therapy if renal dysfunction is suspected.
Metformin is cleared in the kidneys.

++ Drug should be discontinued prior to major surgery, or radiological studies
involving contrast materials.

% Metformin may be associated with mild weight loss.

CALIFORNIA DIABETES & PREGNANCY PROGRAM 6
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Insulin

Hyperglycemia, both fasting and 1-hour postprandial, is positively
associated with excess fetal growth and macrosomia. Initiation of
insulin therapy should be decided after careful consideration of both
fetal growth and maternal glycemic control.

Insulin has been the treatment of choice for pregnant women with
diabetes, although there is growing support for the use of oral
hypoglycemic drugs as discussed earlier in this chapter.

The insulin regimen should be tailored to the individual, taking into
account the woman's blood glucose levels, lifestyle, food intake,
teachability, literacy level, stress level, activity level, and cultural

factors.

Tables 9 & 10 list two recommended Insulin Protocols for GDM.

Table 9. INSULIN FOR GDM - Option 1 (47)

Glucose Value

Insulin Dose

AM Fasting (FPG)
>90 mg/dl, <120 mg/dI

8 - 20 units basal or long acting (NPH) @
bedtime (0.165 to 0.2 units/kg actual body
weight).

1-hour post breakfast
>130 mg/dl, <180 mg/dl

2 - 4 units of rapid acting analog bolus
pre-breakfast.

1-hour post lunch
>130 mg/dl, <180 mg/dI

2 - 4 units rapid acting analog pre-lunch
OR

Add 4 - 6 units NPH to pre-breakfast injection
(and eat lunch 4 - 5 hrs after breakfast).

1-hour post dinner
>130 mg/dl, <180 mg/dl

2 - 4 units rapid acting analog pre-dinner.

A second option for insulin calculation is in the following table which is
modified from work by Hone and Jovanovic, 2010 (48). This is
recommended in women presenting with blood glucose values higher
than or equal to120 mg/dL fasting and 180 mg/dL post meal.

CALIFORNIA DIABETES & PREGNANCY PROGRAM




CDAPP SWEET SUCCESS GUIDELINES FOR CARE - 2012 MEDICAL MANAGEMENT GDM

Table 10. INSULIN CALCULATION BY GESTATIONAL AGE AND BODY
WEIGHT FOR GDM - Option 2 (48, 49)

Gestational Age Insulin Dose
0-12 weeks 0.6-0.7 units per kg actual body weight
13-28 week 0.7-0.8 units per kg actual body weight
29-34 weeks 0.8-0.9 units per kg actual body weight
36-40 weeks 0.9-1 units per kg actual body weight

After calculating the total daily dose (TDD) of insulin for 24 hours, based on
gestational age and body weight, divide it into 50% mealtime rapid acting insulin
analog (bolus) and 50% NPH insulin (basal).

* Bolus: Divide so that 1/6 of TDD is rapid-acting insulin given before each meal,
(breakfast, lunch and dinner). The rapid-acting insulin is then titrated based on the
blood glucose and carbohydrate distribution.

» Basal: Divide so that 1/6 of TTD is NPH given before breakfast, 1/6 of TDD is
NPH given before dinner, and 1/6 of TDD is NPH given before bedtime.

* Insulin is frequently adjusted based on blood glucose patterns, meal plan
adjustments and activity.

o Iftoday’s blood glucose (BG) 1 hour after a meal is < 110, then decrease
tomorrow’s pre-meal (for that meal) rapid insulin by 2 units.

o Iftoday’s 1 hour BG after a meal is 111-120, no change in tomorrow’s pre-meal
rapid insulin.

o Iftoday’s BG 1 hour after a meal is > 121, then increase tomorrow’s pre-meal
(for that meal) rapid insulin by 2 units.

Key Points for Initiating Insulin Therapy

Self-monitoring blood glucose using a blood glucose meter with
memory (including date and time) is essential for optimal diabetes
management with insulin. It is advised that women with GDM who are
taking insulin should monitor blood glucose: AM fasting, premeal, and
1 hour after the start of each meal. Rapid-acting insulin may be
increased 1-2 units (or approximately 10%) every 2- 3 days until blood
glucose levels are within target range. Review blood glucose results at
each visit. Once control is established and premeal blood glucose
values are consistently within target range, monitoring can be reduced to
AM fasting, and 1 hour after the start of each meal. The premeal blood
glucose testing can be eliminated.

Use a premeal insulin correction algorithm to adjust rapid-acting insulin
when premeal blood glucose levels are not within target range. Do not
use a post meal sliding scale to adjust insulin, as this practice leads to
over treatment and possible fetal exposure to hyperglycemia.

CALIFORNIA DIABETES & PREGNANCY PROGRAM 8
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Provide education on the progressive nature of insulin resistance in
pregnancy. Initiating insulin must include instruction on insulin
injection technique, carbohydrate counting to control postmeal peak
glucose levels, and prevention and treatment of hypoglycemia.

If appropriate, teach patients how to self-adjust insulin every two to
three days based on glucose patterns. Pattern control is an effective
method for insulin self-adjustment. Tailor the insulin regimen to the
needs and lifestyle of the patient.

Individuals with GDM and/or obesity in pregnancy are insulin-resistant
and often require marked increases in total daily insulin dose. There is
no maximum insulin dose. Insulin adjustments may be required every

few days, or once a week as insulin needs increase during pregnancy.

Women with GDM may require antepartum hospitalization for similar
problems as those impacting women with preexisting diabetes. These
may include glycemic control, preeclampsia, pyelonephritis, and
preterm labor (10). If medications such as betamimetics or
betamethasone are used for preterm labor or preeclampsia, women with
GDM on oral hypoglycemic medication or insulin may require, at least
temporarily, doubling of their insulin doses. Algorithms for increased
insulin needs with betamethasone can be found in the chapter on
Medical Management and Education for Preexisting Diabetes During
Pregnancy (Ch 3) in the section that addresses antepartum
hospitalization for women with preexisting diabetes.

HELPING WOMEN Table 11 outlines educational issues to discuss in preparation for labor
PREPARE FOR LABOR delivery and postpartum. All items should be discussed with the woman
AND DELIVERY and her partner. This education should take place before the 37th week
of gestation.

Table 11. LABOR, DELIVERY, & POSTPARTUM EDUCATION FOR GDM
(28, 49)

% Timing of delivery

« Intrapartum blood glucose targets and monitoring of blood glucose

+ Maternal - fetal intrapartum management including potential complications

+ Newborn management due to diabetes during pregnancy

+ Reinforcement of benefits of breastfeeding to both mother and infant

+¢+ Postpartum follow-up and blood glucose retesting

% Lifestyle and dietary changes aimed at prevention of diabetes in the future

% Planning for future pregnancies

CALIFORNIA DIABETES & PREGNANCY PROGRAM 9
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Timing of Delivery

According to American Congress of Obstetricians and Gynecologists
(ACOG), diagnosis of GDM alone is not an indication for delivery prior
to 40 weeks gestation. ACOG advises balancing the maternal risks
versus those of fetal compromise (50). Delivery prior to 38 weeks
gestation may still be indicated, and the woman should undergo
amniocentesis to document fetal pulmonary maturity when feasible (49,
50).

Intrapartum Blood Glucose Control

Intrapartum management of GDM is aimed at maintaining
normoglycemia (plasma blood glucose levels of 70-100 mg/dl) during
labor and delivery (50). The literature clearly shows that elevated
maternal blood glucose levels in the last 18 hours before delivery are
more strongly correlated with neonatal hypoglycemia than in the entire
pregnancy up to that point (51). Control of maternal blood glucose
levels during labor can reduce the incidence of neonatal hypoglycemia,
even among women with poor antepartum glycemic control (52).
Maternal blood glucose concentrations greater than 115 mg/dL — 117
mg/dL increase the incidence of neonatal hypoglycemia (53, 54).

Glucose utilization is increased during the active phase of labor, but
tapers as soon as the second stage is reached. Labor requires very little
additional exogenous insulin and appears to mimic the serum insulin
concentrations of a trained runner during a marathon (55).

Table 12 describes the guidelines for intrapartum IV insulin use.

Table 12. INTRAPARTUM IV INSULIN ALGORITHM FOR GDM (53, 55, 56)
Blood Glucose (mg/dL) 250 units regular
Check BG hourly IV solution and rate Insulin/250mL Normal Saline
<70 mg/dL See managing hypo-
glycemia in Table 14 OFF
71 - 90 mg/dL May use D5LR or 2 NS
@ 100mL/hr when BG
91 - 100 mg/dL is less than 100mg/dL
101 - 130 mg/dL 1 unit insulin/hr
131 - 150 mg/dL LR or NS @100mL/hr | 2 ynits insulin/hr
151 - 170 mg/dL while BG is more than 737 i 5nclin/hr
171 - 190 mg/dL 100 mg/dL 4 units insulin/hr
> 190 mg/dL check ketones, notify MD and receive new orders to
modify insulin

CALIFORNIA DIABETES & PREGNANCY PROGRAM 10
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Table 13 discusses the Management of GDM during labor and delivery.

Table 13. MANAGEMENT OF GDM DURING LABOR AND DELIVERY (53, 54, 55, 56)

CRITICAL POINTS

Assess all women admitted
to the labor and delivery
unit for the content and
time of the last meal eaten.

Careful attention should be
directed towards
carbohydrate (CHO) intake
whether oral or
intravenous.

Rapid infusion of glucose
should be avoided as this
will cause fetal
hyperinsulinemia.

Obtain BG on admission

Frequent monitoring of BG
is the key to maintaining
normoglycemia during
labor.

Assess all women admitted
to the labor and delivery
unit requiring insulin or oral
agents for the time, type
and dose of oral
medication or insulin
taken.

If insulin is required the
most effective way to
achieve glycemic control is
to use insulin by
intravenous route.

GDM A1 (diet and exercise
controlled)

Early labor:
CHO controlled diet as per pregnancy

Active labor:

If clear liquids:

Use CHO controlled liquids

If BG is <100mg/dL use 30 gms CHO
every 2-3 hours

If BG >100mg/dL use non-caloric clear
liquids

If NPO:

Have LR as main line with D5 IVPB
connected close to insertion site of LR
If BG <100 mg/dL use IV D5 @ 100 mL
per hour

If BG is >100 mg/dL use LR @ 100 ml
per hour

Early labor:
While eating: Check FBG and 1 hour

after start of meals

Active labor:
Check BG every 2 hours and just before
delivery

Because of increased glucose utilization
during labor, it is rare for women with
GDM A1 to require insulin as long as BG
remains less than 110 mg/dL.

GDM A2 (requires addition of oral
agents and/or insulin for
control)

Early labor:
CHO controlled diet as per pregnancy

Active labor:
If clear liquids:
Use non caloric clear liquids

If NPO:

Have LR as main line with D5 IVPB
connected close to insertion site of LR
If BG <100 mg/dL use IV D5 @ 100 ml
per hour

If BG is >100 mg/dL use LR @ 100 ml
per hour

Blood Glucose (BG) Monitoring

Early labor:
While eating: Check FBG and 1 hour

after start of meals.

Active labor:

Check BG every 1-2 hours.

When on IV insulin, check every 1 hour
or more. Check just before delivery.

Discontinue oral agents for glucose
control on day of induction or with onset
of labor.

Women with GDM A2 may or may not
require insulin in labor

If BG >110mg/dL, remove glucose
source. Repeat BG in 30 minutes

If BG remains >110 mg/dL, then IV
insulin should be initiated (See

Table 12)

CALIFORNIA DIABETES & PREGNANCY PROGRAM
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Table 14 addresses risk reduction and problem solving during labor and
delivery.

Table 14. RISK REDUCTION AND PROBLEM SOLVING DURING LABOR AND DELIVERY (53,
54, 55, 56)

Managing Hypoglycemia

Have D50 IV solution and glucagon readily available although it is extremely rare that either of these will
be needed.

Recognize symptoms of| For BG less than 70mg/dL greater than 50mg/dL.:

hypoglycemia. If any While taking food or fluids on IV insulin:
are present, check 1. Stop IV insulin infusion and notify MD
BG: 2. Use 8 oz non fat milk or 15 gm CHO

« hunger Check BG in 15 minutes
*» nervousness and BG should rise at least 15 points
shakiness If BG remains less than 70 mg/dL repeat intervention #2 and #3.
% perspiration Notify MD
¢ dizziness or light- When NPO on IV insulin:
headedness Stop IV insulin infusion and notify MD

Infuse D5 solution at 200 mL/hour X 15 min

Recheck BG

If <70 repeat#2 & #3

If > 70 return IV D5 to 100 mL/hr

Notify MD.

Per MD order, restart insulin infusion per modified algorithm
For BG Iess than 50 mg/dL when patient is conscious:

Stop IV insulin infusion and notify MD

Change infusion to D10 @ 200 ml/hr

Check BG in 15 minutes.

Continue D10 until BG is > 70 mg/dL

When BG is > 70mg/dL resume D5 at 100mL/hr and resume insulin per MD
order

Other Complications

Be alert to high risk for following complications
+ Preeclampsia: Observe for signs and symptoms: monitor BP, urine output and proteinuria
+ Labor abnormalities: Monitor labor progress and intervene early for abnormalities such as slow or no
progress
+ Chorioamnionitis: Watch for early signs of infection
+ Shoulder dystocia: Prepare patient for McRobert's maneuver
+ Cesarean delivery: Secure availability of Obstetrician, Anesthesiologist, & Pediatrician

+» sleepiness

%+ confusion, irritability

« difficulty speaking

+ feeling anxious or
weak

NOORWN_D OOAW®

abhwN =

Pain Management

In addition to above Keep in mind:

parameters for BG % Pain can increase BG by releasing catecholamines

checks during labor, % Stress can increase BG by releasing the stress hormone cortisol

check BG in % Ephedrine, often used to raise BP with epidural associated hypotension, can raise
relationship to pain, BG for up to 4 hours.

stress and medications | “* Narcotics can lower BG levels by reducing the stress hormone cortisol

CALIFORNIA DIABETES & PREGNANCY PROGRAM 12
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IMMEDIATE Insulin Management
POSTPARTUM
MANAGEMENT OF Insulin needs are reduced postpartum and are generally cut in half.
GDM Therapy goal is to keep blood glucose in the following range:

FBG < 100 mg/dL; and 1 hour postprandial < 140 mg/dL

The GDM protocol for the first three days postpartum is included in
Table 15.

Table 15. GDM PROTOCOL FOR DAYS 1 - 3 POSTPARTUM (56, 57, 58, 59, 60)

GDM A1 (diet and exercise GDM A2 (requires addition of oral agents and/or
controlled) insulin for control)

When eating:

Resume healthy diet using same caloric allotment as pregnancy for breastfeeding. It may be
more valuable to evaluate BG with regular diet that patient will be eating at home rather than
using a hospital carbohydrate controlled diet.

If NPO:

If BG <130 mg/dL may use IV D5 @ 100 ml per hour

If BG is >130 mg/dL use LR @ 100 ml per hour

Glucose lowering medications not See Insulin Management section above for
needed postpartum use of IV insulin.
* There is rarely a need for subcutaneous insulin
postpartum.

* May consider use of Metformin if medication is
needed to bring BG into normal range. Metformin
use in breastfeeding was found to be efficacious.

Blood Glucose Monitoring

At least 1 fasting, and 1 one hour after | FBG and 1 hr after meals for at least 24 hours. If
a meal before discharge blood glucose remains elevated, continued monitoring
is warranted. Consider possibility of type 2 diabetes.

Breastfeeding to Reduce Risk of Type 2 Diabetes

Breastfeeding has been shown to reduce the risk of type 2 diabetes in the mother and baby

(58, 59).

1. Early (preferably in the first half hour of life) and often (10 -12 times per 24 hours)

a. breastfeeding can reduce the risk of hypoglycemia for the newborn.

2. Women who undergo cesarean birth should not be an exception.

3. Provide care (physical assessment and glucose monitoring) needed by couplet without
separating them.

4. The newborn's first blood glucose should be obtained after breastfeeding within 30 to 60
minutes of life or earlier when indicated by symptoms in the newborn of low blood sugar.

ilmiact of Maternal Diabetes on Fetal DeveIoEment & Neonatal Care Needs Chaiter ICh Sii

Review lifestyle changes aimed at prevention of diabetes in the future and family planning. The

need for reclassification of diabetes may be necessary prior to the 6 week postpartum visit when
insurance coverage is an issue. Optimally women should be retested in 6 - 12 weeks. Remind

patient that a 75 g, 2-hour OGTT is recommended.
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LOOKING TOWARD Women with GDM are at increased risk for GDM in future pregnancies
THE FUTURE and the subsequent development of type 2 diabetes (22, 61, 62). Ina

study of women 6 weeks to 28 years postpartum by Kim it was
determined that the cumulative incidence of diabetes ranged from 2.6%
to over 70%. This incidence increased markedly in the first 5 years
after delivery, and appeared to plateau after 10 years (63). Research has
demonstrated the 2 hour OGTT is more definitive than the fasting
plasma glucose in diagnosing Type 2 diabetes in women with a history
of GDM (60).

Table 16 summarizes the risk factors for a recurring GDM pregnancy.

Table 16. RISK FACTORS FOR RECURRING GDM (1, 61, 64, 65)
% Obesity

+ Failure to lose pregnancy weight gain

+ Failure to maintain normal BMI

+ Excessive weight gain

¢ Need for insulin during pregnancy

¢ Presence of anti-insulin antibodies

++ Deliver of macrosomic infant

+ Diagnosis of IGT or IFG on the postpartum oral glucose tolerance test
++ Use of progesterone-only contraceptives in breastfeeding women

Women with GDM are at increased risk of developing cardiovascular
disease (66, 67). The offspring of women with GDM, who were large
or small for gestational age, are at future risk for cardiovascular disease,
obesity and diabetes (11, 59). Well in advance of delivery education
concerning long term risk reduction should be incorporated during all
CDAPP visits.

Monitor Health Status

Women with GDM should be reclassified at 5-12 weeks postpartum
using a 75 g, 2-hour OGTT, or an Alc 2-3 months postpartum.
Annually, approximately 8% to 12% of women who had GDM will
convert to diabetes (63, 68). Lifestyle changes can reduce the rate of
conversion to diabetes by up to 58% (61, 69). Some studies support the
use of insulin sensitizers (such as metformin) for beta cell rest, and have
shown delay in the progression to type 2 diabetes (61, 70, 71, 72, 73).

One third of the women with a history of GDM will have abnormal
lipid profiles and metabolic syndrome (60, 74).
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Table

17 summarizes the postpartum recommendations for women with

GDM.

8,60, 75,7

Table 17. POSTPARTUM RECOMMENDATIONS FOR WOMEN WITH GDM (7,

6)

Periodically Evaluate
Glucose Tolerance

+» Women with GDM should be screened for diabetes with a 75 g,
2-hour OGTT at 6-12 weeks (before 3 months) postpartum; or
after 3 months postpartum, an A1c should be done to determine
her diabetic status.

+ If the screen is normal, repeat at 1 year after delivery and every
three years thereafter as long as values remain within normal
limits.

« Encourage women to obtain a glucose screen before
conceiving again.

+ Subsequent pregnancy should include early prenatal care, risk
assessment, and testing for GDM or diabetes with a 2 hr-75 gm
OGTT.

+ If prediabetes, Impaired Glucose Tolerance (IGT) or Impaired
Fasting Glucose (IFG) is diagnosed, refer for aggressive
lifestyle change. This includes seeing a registered dietitian for
medical nutrition therapy; receiving instruction regarding activity
and/or evaluation for the need for insulin sensitizer medication
such as metformin.

« If diabetes is diagnosed postpartum, refer the woman to a
diabetic health care provider for follow up and ongoing care.

Evaluate for Metabolic
Risk Factors

«» 1 year after delivery and yearly thereafter.

++ Follow American Association of Clinical Endocrinologists
(AACE) and National Cholesterol Education Program (NCEP)
U.S. Preventive Services Task Force (USPSTF)
recommendations for testing and evaluation such as lipids,
waist-hip ratio, etc.

Coordination of Care

+» Coordinate care with the primary care provider or obstetrician
and the baby’s pediatrician.

+ Notify them of the woman’s gestational diabetes and need for
continued follow-up.

+» Refer to a provider familiar with diabetes care who will be
vigilant concerning interconception and preconception health
concerns for women with previous GDM.

CALIFORNIA DIABETES & PREGNANCY PROGRAM
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Encourage Healthy Eating

A primary focus of GDM education throughout pregnancy and
postpartum is to encourage healthy eating. Women with GDM are given
information to empower them to make healthy food choices for
themselves and their families. For more information, refer to the

Nutrition Chapter (Ch 7).

The chapter on Breastfeeding (Ch 8) provides more details on the unique
benefits of breastfeeding for women with diabetes and their offspring.

Encourage Activity

Research has demonstrated that a physically active lifestyle plays an

important role in the prevention of type 2 diabetes. Physical inactivity
postpartum is associated with poor physical function, poor vitality, and
depressive symptoms, and increased risk of developing Type 2 diabetes

(70,77, 78,79, 80, 81). Refer to the Exercise (Ch 6) chapter for additional
information.

Encourage Problem Solving

Women who have had GDM should be taught to recognize signs and
symptoms that are indicative of diabetes. These include increase thirst
and urination, repeat vaginal yeast infection or urinary tract infections,
unexplained weight loss, blurring of vision, or extreme tiredness (79).
She should space future pregnancies at least 2 years apart and ask their
healthcare provider to order a 75 g, 2-hour OGTT or Alc before her
next pregnancy. A woman who has had GDM should be screened for
hyperglycemia at the first prenatal visit.

Contraceptive Considerations Following a Pregnancy with GDM

Maximizing BG control during the interconception period is a priority.
Delaying pregnancy for 2 years during this transition period is
recommended. As is similar for women with type 2 diabetes, it is
desirable to use the most effective method of birth control with the least
adverse effect on carbohydrate metabolism (61, 82, 83, 84, 85). Refer

to the Preconception and Interconception Care for Preexisting Diabetes
Chapter (Ch 2) for a review of birth control options.
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Monitoring Blood Glucose and Taking Other Medications

Prescribed or over-the-counter medications may have detrimental effects
on blood glucose tolerance. If an alternative is available that does not
adversely affect blood glucose tolerance, it should be considered. This
recommendation applies to herbal supplements and vitamins such as
niacin.

Encourage Risk Reduction

In the first five years after a pregnancy with GDM, a subsequent
pregnancy may increase the conversion to overt diabetes. A pregnancy
longer than 5 years after a GDM pregnancy has a slower rate of
conversion to type 2 diabetes and plateaus after 10 years. A systematic
review by Kim discovered that conversion time from a GDM pregnancy
to Type 2 diabetes varied for different racial groups (61, 63).

Even women with mild gestational diabetes are at increased risk of
developing cardiovascular disease (68). Regular physical check-up
including blood pressure, eye, dental and foot examinations is
recommended. Encourage smoking cessation. Without adequate
follow-up evaluation and testing, type 2 diabetes can go undetected for
7-10 years, during which time cardiovascular damage from elevated
blood glucose can be a major problem.

Encourage Healthy Coping

It is important to recognize and treat depression, which increases the
incidence of type 2 diabetes, even in the absence of any other risk
factors (81, 86). Depression increases the release of cortisol and other
stress hormones resulting in insulin resistance and decreased energy
which impacts a woman’s activity level. It may also lead to increased
non-optimal behaviors such as unhealthy eating or smoking.
Depression can interfere with her attachment to her newborn (86, 87).
In addition, assess for sleep deprivation which can increase depression

and result in unhealthy coping. Refer to the Behavioral and
Psychosocial Components of Care (Ch 9) chapter for additional information.

CALIFORNIA DIABETES & PREGNANCY PROGRAM 17



CDAPP SWEET SUCCESS GUIDELINES FOR CARE - 2012 MEDICAL MANAGEMENT GDM

PAGE INTENTIONALLY LEFT BLANK

CALIFORNIA DIABETES & PREGNANCY PROGRAM 18



CDAPP SWEET SUCCESS GUIDELINES FOR CARE - 2012 MEDICAL MANAGEMENT GDM

REFERENCES 1. Buchanan TA, Xiang A, Kjos SL, Watanabe R. What Is Gestational
Diabetes? Diabetes Care. 2007;30(Suppl 2):s105-s111.

2. International Association of Diabetes and Pregnancy Study Groups
Cosensus Panel. IADPSG recommendations on the diagnosis and
classification of hyperglycemia in pregnancy. Diabetes Care.
2010;33(3):676-682.

3. Lawrence JM, Contreras R, Chen W, Sacks DA. Trends in the
prevalence of preexisting diabetes and gestational diabetes mellitus

among a recially/ethniclly diverse populaiton of pregnant women,
1999-2005. Diabetes Care. 2008;31(5):899-904.

4. Pettitt DJ, Jovanovic L. Birth weight as a predictor of type 2
diabetes mellitus: the U-shaped curve. Curr Diab Rep.
2001;1(1):78-81.

5. Jovanovic L, Pettitt DJ. Treatment with insulin and its analogs in
pregnancies complicated by Diabetes. Diabetes Care.
2007;30(Suppl 2):S220-S224.

6. Metzger BE, Buchanan TA, Coustan DR, et al. Summary and
recommendations of the fifth international workshop-conference on
gestational diabetes mellitus. Diabetes Care. 2007;30:S251-S260.

7. American Diabetes Association. Standards of Medical Care in
Diabetes-2011. Diabetes Care 2011; 34 (suppl 1):S11-61

8. American Diabetes Association. Diagnosis and classification of
diabetes mellitus. Diabetes Care 2011; 34(suppl 1):S62-9.

9. HAPO Study Cooperative Research Group. Hyperglycemia and
adverse pregnancy outcomes. NEJM. 2008;358(19):1991-2002.

10. Yogev Y, Langer O. Spontaneous preterm delivery and gestational
diabetes: the impact of glycemic control. Arch Gynecol Obstet
2007;276:361-365.

11. Dabelea D. The Predisposition to obesity and diabetes in offspring
of diabetic mothers. Diabetes Care. 2007;30(Suppl 2):S169-S174.

12. Clausen TD, Mathiesen E, Ekbom P, Hellmuth E, et al. Poor
pregnancy outcome in women with type 2 diabetes. Diabetes Care.
2005;28(2):323-328.

13. Ong KK. Size at birth, postnatal growth and risk of obesity. Horm
Res. 2006;65(suppl 3):65-69.

CALIFORNIA DIABETES & PREGNANCY PROGRAM 19



CDAPP SWEET SUCCESS GUIDELINES FOR CARE - 2012 MEDICAL MANAGEMENT GDM

14. Sheiner E, Menes TS, Silverberg D, Abramowicz JS, et al.
Pregnancy outcome of patients with gestational diabetes mellitus
following bariatric surgery. Am J Obstet Gynecol.
2006;194:431-435.

15. Fujioka, K. Follow-up of nutritional and metabolic problems after
bariatric surgery. Diabetes Care. 2005;28:481-484.

16. Virji A, Murr, MM. Caring for patients after bariatric surgery.
American Family Physician Web site at www.aafp.org/afp.
Copyright© 2006 American Academy of Family Physicians.

17. Carpenter MW. Gestational diabetes, pregnancy hypertension, and
late vascular disease. Diabetes Care. 2007;30(Suppl 2):5s246-s250.

18. Mulholand C, Njoroge T, Mersereau P, Williams J. Comparison of
guidelines available in the United States for diagnosis and
management of diabetes before, during, and after pregnancy. J
Women’s Health. 2007;16(6):790-801.

19. Yogev Y, Xenakis EMJ, Langer O. The association between
preeclampsia and the severity of gestational diabetes: the impact of
glycemic control. Am J Obstet Gynecol. 2004;191:1655-60.

20. Villar J, Carroli G, Wojdyla D, Abalos E, et al. Preeclampsia,
gestational hypertension and intrauterine growth restriction, related
or independent conditions? Am J Obstet Gynecol.
2006;194(4):921-931.

21. Kestilda KK, Ekblad UU, Rénnemaa T. Continuous glucose
monitoring versus self-monitoring of blood glucose in the treatment
of gestational diabetes mellitus. Diabetes Res Clin Pract.
2007;77(2),174-179.

22. Ben-Haroush A, Yogev Y, Chen R, Rosenn B, et al. The
postprandial glucose profile in the diabetic pregnancy. Am J
Obstet Gynecol. 2004;191:576-81.

23. Parretti E, Mecacci F, Papini M, Cioni R, et al. Third-trimester
maternal glucose levels from diurnal profiles in nondiabetic

pregnancies: correlation with sonographic paramters of fetal
growth. Diabetes Care. 2001;24(8):1319-1323.

24. DeVeciana M, Major CA, Morgan MA, Asrat T, et al. Postprandial
versus preprandial blood glucose monitoring in women with
gestational diabetes mellitus requiring insulin therapy. New Engl J
Med. 1995;333:1237-1241.

CALIFORNIA DIABETES & PREGNANCY PROGRAM 20



CDAPP SWEET SUCCESS GUIDELINES FOR CARE - 2012 MEDICAL MANAGEMENT GDM

25. Combs CA, Gavin LA, Gunderson, E, Main EK, Kitzmiller JL.
Relationship of fetal macrosomia to maternal postprandial glucose
control during pregnancy. Diabetes Care, 1992;15: 1251-1257.

26. Kitzmiller JL, Block JM, Brown FL, Catalano PM, et al.
Managing preexisting diabetes during pregnancy: Summary of
evidence and consensus recommendations for care. Diabetes Care.
2008;31(5):1060-1079.

27 Langer O. Is normoglycemia the correct threshold to prevent
complications in the pregnant diabetic patient? Diabetes Rev.
1996;4(1):2-10.

28. American Diabetes Association. Medical Management of
Pregnancy Complicated by Diabetes, 3rd edition. American
Diabetes Association; Alexandria, VA : 2000.

29. Langer O, Conway DL, Berkus MD, Xenakis EMJI. A comparison
of glyburide and insulin in women with gestational diabetes
mellitus. New Eng J Med. 2000;343(16):1134-1138.

30. Rowan JA, Hague WM, Gao W, Battin MR, Moore MP.
Metformin versus insulin for the treatment of gestational diabetes.
New Eng J Med. 2008;358(19):2003-2015.

31. Groop LC. Sulfonylureas in NIDDM. Diabetes Care.
1992;(15)6:737-754.

32. Yin OQP, Tomlinson B, Chow MSS. CYP2C9, but not CYP2 C19,
polymorphisms affect the pharmacokinetics and
pharmacodynamics of glyburide in Chinese subjects. Clin
Pharmacol Therap. 2005;78:370-377.

33. Moore TR. Glyburide for the treatment of gestational diabetes.
Diabetes Care. 2007;30(Suppl 2):5209-s213.

34. Bertini AM, Silva JC, Taborda W, Becker F, et al. Perinatal
outcomes and the use of oral hypoglycemic agents. J Perinat Med.
2005;33:519-523.

35. Rochon M, Rand L, Roth L, Gaddipati S. Glyburide for the
management of gestational diabetes: Risk factors predictive of
failure and associated pregnancy outcomes. Am J Obstet Gynecol.
2006;195:1090-1094.

36. Feig DS, Briggs GG, Koren G. Oral antidiabetic agents in
pregnancy and lactation: A paradigm shift?. Ann Pharmacol.
2007;41:1174-1180.

CALIFORNIA DIABETES & PREGNANCY PROGRAM 21



CDAPP SWEET SUCCESS GUIDELINES FOR CARE - 2012 MEDICAL MANAGEMENT GDM

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Charles B, Norris R, Xiaonian X, Hague W. Population
pharmacokinetics of metformin in late pregnancy. Ther Drug
Monit. 2006;28(1):67-72.

Nanovskaya TN, Nekhayeva IA, Patrikeeva SL, Hankins GDV,
Ahmed MS. Transfer of metformin across the dually perfused
human placental lobule. Am J Obstet Gynecol.
2006;195:1081-1085.

Glueck CJ, Goldenberg N, Pranikoff J, Loftspring M, 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)6:1323-1330.

Jakubowicz DJ, Iuorno MJ, Jakubowicz S, Roberts KA, Nestler JE.
Effects of metformin on early pregnancy loss in the polycystic
ovary syndrome. J Clin Endocrinol Metabol. 2002;87(2):524-529.

Khattab S, Moshen IA, Foutouh IA, Ramadan A, et al. Metformin
reduces abortion in pregnant women with polycystic ovary
syndrome. Gynecol Endocrinol. 2006;22(12),680-684.

Bailey CJ, Turner RC. Metformin. New Eng J Medicine.
1996;334(9),574-579.

Feig DS, Briggs GG, Kraemer JM, Ambrose PJ, et al. Transfer of
glyburide and glipizide into breast milk. Diabetes Care.
2005;(28)8,1851-1855.

Merlob P, Levitt O, Stahl B. Review Article. Oral
antihyperglycemic agents during pregnancy and lactation. Pediatr
Drugs. 2002;4(11):755-760.

Bailey CJ. Metformin: an update. Gen Pharmacol.
1993;24(6);1299-1309.

McCarthy EA, Walker SP, McLachlan K, Boyle J, Permezel M.
Review Article. Metformin in obstetric and gynecologic practice: A
review. Obstet Gynecol Survey. 2004;59(2):118-127.

California Diabetes and Pregnancy Program, Region 1. Insulin
Guidelines: adapted from Medical Management of Pregnancy
Complicated by Diabetes, 3rd edition. American Diabetes
Association; Alexandria, VA : 2000.

Hone J, Jovanovic L. Approach to the patient with diabetes during
pregnancy. J Clin. Endocrinol. Metab. 2010;95:3578-3585, doi:
10.1210/jc.2010-0383.

CALIFORNIA DIABETES & PREGNANCY PROGRAM 22



CDAPP SWEET SUCCESS GUIDELINES FOR CARE - 2012 MEDICAL MANAGEMENT GDM

49.

50.

51.

52.

53.

54.

55.

56.

57.

S8.

59.

60.

California Diabetes and Pregnancy Program. Sweet Success
Guidelines for Care. California Department of Public Health;
Maternal, Child, and Adolescent Health Division: 2002.

American College of Obstetricians and Gynecologists Committee
on Practice Bulletin - Obstetrics. ACOG Practice Bulletin: Clinical
management guidelines for obstetrician-gynecologists (Number 30)
- Gestational diabetes. Obstet Gynecol. 2001;98(3):525-538.

Cornblath M, Howdon JM, Williams AF, Aynsley-Green A, at al.
Controversies regarding definitions of neonatal hypoglycemia:
Suggested opertional thresholds. Pediatrics. 2000;105:114-1145.

Curet LB, Izquierdo LA, Gilson GJ, Schneider JM, et al. Relative
effects of antepartum and intrapartum maternal blood glucose
levels on incidence of neonatal hypoglycemia. J Perinatol.
1997;17(2):113-115.

Balsells M, Corcoy R, Adelantado JM, Garcia-Patterson A, et al.
Gestational diabetes mellitus: metabolic control during labour.
Diabetes Nutr Metab. 2000;13(5):257-262.

Grylack LJ, Chu SS, Scanlon JW. Use of intravenous fluids before
cesarean section: effects on perinatal glucose, insulin, and sodium
homeostasis. Obstet Gynecol. 1984;63:654-658.

Jovanovic L. Glucose and insulin requirements during labour and
delivery: the case for normoglycemia in pregnancies complicated
by diabetes. Endocr Pract. 2004;10(Suppl 2):40-45.

Palmer GD, Inturrisi M. Insulin infusion therapy in the
intrapartum period. J Perinatal Neonatal Nurs. 1992;6(1):25-36.

Briggs GG, Ambrose PJ, Nageotte MP, et al. Excretion of
metformin into breastmilk and the effect on nursing infants. Obstet
Gynecol. 2005;105(6):1437-1441.

Owen CG, Martin RM, Whincup PH, Smith GD, Cook DG. Does
breastfeeding influence risk of type 2 diabetes in later life? A
quantitative analysis of published evidence. Am J Clin Nutr.
2006;84(5):1043-1054.

Gunderson EP. Breastfeeding after gestational diabetes pregnancy:
Subsequent obesity and type 2 diabetes in women and their
offspring. Diabetes Care. 2007;30(Suppl 2):5161-s168.

Kitzmiller JL, Dang-Kilduff L, Taslimi MM. Gestational diabetes
after delivery. Diabetes Care. 2007;30(suppl 2):S225-S235.

CALIFORNIA DIABETES & PREGNANCY PROGRAM 23



CDAPP SWEET SUCCESS GUIDELINES FOR CARE - 2012 MEDICAL MANAGEMENT GDM

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Ratner RE. Prevention of type 2 diabetes in women with previous
gestational diabetes. Diabetes Care. 2007;30(Suppl 2):S242-S245.

Simmons D, Eaton S, Shaw J, Zimmet P. Self-Reported Past
Gestational Diabetes Mellitus as a Risk Factor for Abnormal
Glucose Tolerance Among Australian Women. Diabetes Care.
2007;30(9):2293-2295.

Kim C, Newton KM, Knopp RH. Gestational diabetes and the
incidence of type 2 diabetes: a systematic review. Diabetes Care.
2002;25(10):1862-1868.

Kim C, Berger DK, and Chamany S. Recurrence of gestational
diabetes mellitus a systematic review. Diabetes Care 2007;30
(5):1314-1319.

Hossain P, Kawar B, El Nahas M. Obesity and diabetes in the
developing world: a growing challenge. New Engl J Med.
2007;356:213-215.

Kim C, Cheng YJ, and Beckles GL Cardiovascular disease risk
profiles in women with histories of gestational diabetes but without
current diabetes. Obstet Gynecol 2008;112:875-883.

Retnakaran R and Shah BR. Mild glucose intolerance in pregnancy
and risk of cardiovascular disease: a population-based cohort study.
CMAIJ 2009; 1-6.

Coustan DR, Carpenter MW, O’Sullivan PS, Carr SR. Gestational
diabetes: predictors of subsequent disordered glucose metabolism.
Am J Obstet Gynecol. 1993;168(4):1144-1145.

Wong MS, Gu K, Heng D, Chew SK, et al. The Singapore
Impaired Glucose Tolerance Follow-Up Study. Diabetes Care.
2003;26:3024-3030.

Tuomilehto J, Lindstrom J, Eriksson JG, Valle TT, et al. Prevention
of type 2 diabetes mellitus by changes in lifestyle among subjects
with glucose intolerance. New Eng J Med.
2001;344(18):1343-1350.

Gruber A, Nasser AGK, Smith R, Sharma JC, Thompson GA.
Diabetes prevention: is there more to it then lifestyle changes? Int
J Clin Pract. 2006;60(5);590-594.

Rooney B L, Schauberger CW, Mathiason MA. Impact of
Perinatal Weight Change on Long-Term Obesity and Obesity-
Related Illnesses. Obstet Gynecol. 2005;106(6):1349-1356.

CALIFORNIA DIABETES & PREGNANCY PROGRAM 24



CDAPP SWEET SUCCESS GUIDELINES FOR CARE - 2012 MEDICAL MANAGEMENT GDM

73. Oken E, Ning Y, Rifas-Shiman SL, Radesky JS, et al. Associations
of physical activity and inactivity before and during pregnancy
with glucose tolerance. Obstet Gynecol. 2006;108(5):1200-1207.

74. Babu A, Fogelfeld L. Metabolic syndrome and prediabetes. Dis
Mon. 2006;52(2-3):55-144.

75. AACE Diabetes Mellitus Clinical Practice Guidelines Task Force
Chairperson Rodbard HW. American Association of Clinical
Endocrinologists Medical Guidelines for Clinical Practice for the

Management of Diabetes Mellitus. Endocr Pract.
2007;13(Suppl 1):3-68.

76. National Institute of Health. NCEP ATP III Guidelines at-a-glance
quick desk reference. US Dept of Health and Human Services.
HIH Publication 01-3305. 2001.

77. Pan XR, Li GW, HU YH, Wang JX, et al. Effects of diet and
exercise in prevention of NIDDM in people with impaired glucose
tolerance. The Da Quing IGT and Diabetes Study. Diabetes Care.
1997;20(4):537-544.

78. Knowler WC, Barrett-Conner E, Fowler SE, et al. Reduction in
the incidence of type 2 diabetes with lifestyle intervention of
metformin. New Eng J Med. 2002;346(6):393-403.

79. DECODE Study Group on the behalf of the European Diabetes
Epidemiology Group. Is the current definition for diabetes relevant
to mortality risk from all causes and cardiovascular and
noncardiovascular diseases? Diabetes Care. 2003;26(3):688-696.

80. Palmer AJ, Roze S, Valentine WJ, Spinas GA, et al. Intensive
lifestyle changes or Metformin in patients with impaired glucose
tolerance: modeling the long-term health economic implications of
the diabetes prevention program in Australia, France, Germany,
Switzerland and the United Kingdom. Clin Ther.
2004;26(2):304-321.

81. Delahanty LM, Meigs JB, Hayden D, Williamson DA, Nathan DM
and the DPP Research Group. Psychological and behavioral
correlates of baseline BMI in the diabetes prevention program
(DPP). Diabetes Care. 2002;25(11):1992-1998.

82. Xiang AH, Kawakubo M, Buchanan TA, Kjos S. Longitudinal
study of lipids and blood pressure in relation to method of
contraception in latino women with prior gestational diabetes
mellitus. Diabetes Care. 2007;30(8):1952-1958.

CALIFORNIA DIABETES & PREGNANCY PROGRAM 25



CDAPP SWEET SUCCESS GUIDELINES FOR CARE - 2012 MEDICAL MANAGEMENT GDM

83.

84.

85.

86.

87.

Xiang AH, Kjos S, Kawakubo M, Buchanan TA. Long-acting
injectable progestin contraception and risk of type 2 diabetes in
latino women with prior gestational diabetes mellitus. Diabetes
Care. 2006;29(3):613-617.

Damm P, Mathiesen ER, Petersen KR, Kjos S. Contraception after
gestational diabetes. Diabetes Care. 2007;30(Suppl 2):5236-s241.

Kjos SI, Peters RK, Xiang A, Duncan T, et al. Contraception and
the risk of type 2 diabetes mellitus in latina women with prior
gestational diabetes mellitus. JAMA. 1998;280(6):533-538.

Moehler E, Brunner R, Wiebel A, Reck C, Resch F. Maternal
depressive symptoms in the postnatal period are associated with
long-term impairment of mother-child bonding. Arch Womens
Ment Health. 2006;9(5):273-278.

Davis EP, Glynn LM, Schetter CD, Hobel C, et al. Prenatal
exposure to maternal depression and cortisol influences infant
temperament. J Am Acad Child Adoles Psychiatry.
2007;46(6):737-746.

CALIFORNIA DIABETES & PREGNANCY PROGRAM 26



1C
‘9-12'%$9:20T ‘010T
[099UAD) 191SQQ [ WY "SNII[[oW $IJIGRIP [BUONE)SIT 10] BLINLIO dnjsouSeIp mau 1o Aem oy Suiaed :Apmis (QdVH) dwoono Aoueudaid asioape pue erudok[S10dAH ay ], YV 104Q ‘G 1093Z19]A ‘dT 9M0T Y ueIsno)
69-79S €110 918D SajoqeI( Judwale)s uonisod ‘snjijjou s9)oqeIp JO UOHEBIIJISSE[O PUB SISOUSEI(] "UONBIO0SSY S0J0qeI(] UBDLIdWY "¢
"78-9L9:€€0107 21e) sajeqerq Aoueudaid ur erwook[S1odAy
JO UOIBOIISSE[O PUE SISOUFLIP AU} UO SUONEPUSWI0dd sdnoin Apmg Adueudald pue sa3oqei( JO UOIRIOOSSY [BUONRUIU] ‘[oukd snsudsuo)) dnoin Apmg AouruSaid pue sojaqei(] JO UONRIIOSSY [BUONBUINU] "7
19S-11S:(1 1ddng) 1107 "o18) So10qRI "SO)AQRIP UL 9IBD [BIIPAW JO SPIEPURIS "UOIRIOOSSY SOJOqRI(] UBdLIOWY |

LLDO YT WS SL € YHM JVSV 159) Yudsaad dae s10)oe) YSII Pue SHM /9 €T - €] Je ST a1ed 0) Anud J »

[e113Ja.1 133k JSIA [EIIUI 3B DTV UIBIqO [[IM SS920NS 399MS (VD SYM $Z 03 JoLid) sisougderp A[1es 104 :4.LON
‘palIdjay 921ed ‘SSADINS LAAMS OL dAJ4Td

! ! :

JNAD st 3830 ‘JJo Ind UM 87 - T @ LLOO WM IS (NaD) sSMIPI sdqeIq sjaqel(q 7 AdAL
dA0qQE 10 Je anjeA Aue J| TVINION [BUOI®)SIO) SB JBIL], JsougeI(q
A A A
TP/3W 00T < Wopuey 10
TP/3W 9Z1 > pue Tp/BwW 76 < D 10 “TP/3W 971 < D 10
C6>DdA 10 %L'S >3V “%V9- LSOV %659 <91V
A q A
JInsay 1R
Sqe[ [BIRURIJ 0} AS0IN[L) Wopuey A0 DHJJ 10 IV PPV
U4 BUNI ‘DdA
; JISIA 3S41J Y} & BIWIA[S.19dAYy pasouderpun 10j udwom [[& IS, A LVNIAALTV
=red erwaptdiradAy ‘NILH ‘AAD (SODd) QWOIPUAS UBLIBAO d1ISAIA[0]
(sonoyoAsdnue 1eordAje ‘sonowrue)aq ‘Sproidls “3-0) 9soon[3 JSIel Je) SUONBIIPIN
BLINSOON|D)

A YIM QATIR[OI 9I39p IS
(zo ¢1 sq[ §) 210w 10 WS ())OF Aqeq SnOIAdI]
JUBJUL POWLIOJ[BW ‘YMIQ[IS paure[dxaun ‘sajaqerp-o1d 10 NOD JO AI0ISTH
SQe[ J9)SAWILI} PIIY) 0} SUIPPE IOPISUOD)  » ﬁmmso% JIUY}O QWOS UI JOMO] 9q Aew [INH S I1B) ST 2 [INH
159) SuLIND PJeAS UTRWAI ‘SINOY ()] - § IS8
VD SM §7-17 ) S910qeIp M pasougerp A[snoradid jou

ooboooboono

UBISEONE)-UON
:1030BJ JSLI ANV 9ABY OUM USWOA :)S9],

USWIOM [[E 10} ].1OO YT WS G/ St prepue)s vaviioc - ‘suoneor[dwod saonpar uonoIp Apreg
‘Koueu3old [un pajoolop JOU I8 OOULBII[O} ISOIN[F [BULIOUJE IO SOJOQRIP JO SISBI AUBIA
SYM 8T-HT J€ SUNSI, [eSIdATUN) #(SM €] >) JSIA [ejeudIg ISI

1102 - Aoueusa.a ul etwadA[310dAY Jo sisougel( J10J saulPpIng

v xipuaoddy  nao INIWIOVNVYIN IvOId3aN ¢10¢ - 3dvO d04 SANITAAIND SS300NS 133IMS ddvdd



CDAPP SWEET SUCCESS GUIDELINES FOR CARE - 2012

MEDICAL MANAGEMENT GDM

For more information:

California Department of Public Health, Center for Family Health
Maternal Child and Adolescent Health Division

California Diabetes and Pregnancy Program (CDAPP) Sweet Success
Guey-Shiang Tsay, RN, MSN

(916) 650-0300

http://www.cdph.ca.gov/programs/CDAPP

or

California Diabetes and Pregnancy Program (CDAPP) Sweet Success
Resource and Training Center

Cynthia Pefia, MPH, MSW

(858) 536-5090

http://www.CDAPPSweetSuccess.org

CALIFORNIA DIABETES & PREGNANCY PROGRAM

28



p CDAPP Sweet Success
Guidelines
for Care

Chapter 5
Impact of Maternal
Diabetes on Fetal
Development and
Neonatal Care



CDAPP SWEET SUCCESS GUIDELINES FOR CARE - 2012 IMPACT OF MATERNAL DIABETES ON FETAL DEVELOPMENT & NEONATAL CARE

PAGE LEFT INTENTIONALLY BLANK

CALIFORNIA DIABETES & PREGNANCY PROGRAM



CDAPP SWEET SUCCESS GUIDELINES FOR CARE - 2012 IMPACT OF MATERNAL DIABETES ON FETAL DEVELOPMENT & NEONATAL CARE

5 Impact of Maternal Diabetes on
Fetal Development and Neonatal
Care

Table of Contents

Introduction ........cciiiniiiiiiiiiiiiiiiiiiiieiiiiiernenneanens 1
Fetal Effects of Maternal Diabetes ..............ccoiiiiiiiiiiinnn.. 3
Diabetic Embryopathy ........ .. .. .. . . . 3
Diabetic Fetopathy . ....... ... .. .. . . 3
Fetal Growth Patterns .. ........ .. .. .. i 3
Fetal Hypoxemia .......... ... .. .. i, 4
Macrosomia and Large for Gestational Age ........................ 4
BirthDefects . ....oviiiiiiiiiiiiiiii ittt ittt iiieineenens 5
Congenital Anomalies ............... . i 5
Type I Diabetes ... ... 5
Type 2 Diabetes . ... ... 5
Perinatal Complications .............coiiiiiiiiiiiiiiiiiiiiienennn. 6
Premature Delivery . ......... ... ... 6
Perinatal AsphyXia . ........ ... ... . 7
Birth Injury . . ... 7
Intrauterine Growth Restriction ........ ... ... ... ... ... ... ... ..., 7
Neonatal Diabetes-Assessment, Complications, and Management ....... 7
Neonatal ASSESSIMENT . ... oottt 7
Neonatal Complications . ............ ..ottt 8
Hypoglycemia . ... ... . 8

Signs and Symptoms of Infant Hypoglycemia .. .................. 8
Recommended Feeding Practices for Asymptomatic Infants ........ 9
Treatment for Symptomatic Infants . .......................... 9
Hypocalcemia ........ ... .. ... .. 10
Hypomagnesemia . ............... ..., 11
Respiratory Distress Syndrome . .............. ... ... ... ...... 11
Transient Tachypnea of the Newborn . .......................... 12
Polycythemia and Hyperviscosity Syndrome .. ................... 12
Hyperbilirubinemia . . ........ .. ... .. . . 13
Hypertrophic Cardiomyopathy . ........... ... ... .. ... ... .... 13

Small Left Colon Syndrome . ........ ... .. .. ... ... ... ....... 14

Renal Vein Thrombosis ......... ... .. .. . ... 14
Post-neonatal Complications/Long-term Sequelae .................... 14
Risk of Developing Diabetes .. ........... .. .. .. ... ... 14
Neurodevelopmental Outcomes .. ............. ..., 15
Facilitation of Family Communication and Support ................... 15

Psychological Impact of Abnormal Fetal Imaging and Parental Response . 15
Guidelines for Counseling Parents Facing Abnormal Prenatal Ultrasound

Findings . . . ..o 16
Guidelines for Counseling Parents of Infants with Abnormalities During

the Postnatal Period ........... ... ... ... . 17

Counseling Parents About the Newborn’s Diabetes Risk .............. 17

References ...ooovitiiiiiiiiiiiiiiiiieiiiiiieieenieineeneeneanens 19

CALIFORNIA DIABETES & PREGNANCY PROGRAM i



CDAPP SWEET SUCCESS GUIDELINES FOR CARE - 2012 IMPACT OF MATERNAL DIABETES ON FETAL DEVELOPMENT & NEONATAL CARE

Tables

Table 1. Deleterious Effect of Poor Glycemic Control of Type 1 Diabetes ... 1

Table 2. Perinatal Mortality and Neonatal Morbidity in Infants of Diabetic
MOthers . ... ... 2

Table 3. Congenital Anomalies Associated with Infants of Diabetic

MOthers . ... oo 6

CALIFORNIA DIABETES & PREGNANCY PROGRAM ii



CDAPP SWEET SUCCESS GUIDELINES FOR CARE - 2012 IMPACT OF MATERNAL DIABETES ON FETAL DEVELOPMENT & NEONATAL CARE

5 Impact of Maternal
Diabetes on Fetal
Development and Neonatal
Care

INTRODUCTION Advances in the care of pregnant women who have diabetes have
improved, but not eliminated, the risk of morbidity and mortality in
their infants. Therefore, the newborn care provider must plan and
assess for the specific problems frequently encountered by the infant of
a woman with diabetes.

An infant of a woman with hyperglycemia has as much as 7.9% higher
risk of having congenital malformations than infants born to mothers
without diabetes (1, 2, 43). Complications vary based on the type of
maternal diabetes, type 1 or type 2 diabetes versus Gestational Diabetes
Mellitus (GDM) as well as the adequacy of maternal blood glucose
control. A 1989 landmark study of 303 insulin-requiring pregnant
diabetic women addressed the relationship of first-trimester Hemoglobin
Alc (Alc) and spontaneous abortion or major malofrmations of
fetus/infants that progressed beyond the first trimester. Table 1 lists
some of the results of that study and includes the number of women
who experiences spontaneous abortions and the number of infants with
major malformations (3).

Table 1: DELETERIOUS EFFECT OF POOR GLYCEMIC CONTROL OF TYPE 1
DIABETES (3%)
Hemoglobin A1c (%) Spontaneous Major Malformations for pregnancies

Abortions (number| beyond the first trimester (number of
of women affected)| fetus/infants affected)

9.3 14 3
9.4t0 11.0 7 4
11.1t0 12.7 15 2
>12.8 16 11

* based on 303 insulin requiring diabetic women

Recent evidence suggests that women who have mild glucose
intolerance [one abnormal value on a 100g Oral Glucose Tolerance Test
(OGTT)] have infants with a higher incidence of neonatal obesity than
the general population. For these infants, obesity frequently persists
into adulthood (4, 5, 6). Comorbidities associated with obesity during
childhood and adulthood include an increased incidence of metabolic

CALIFORNIA DIABETES & PREGNANCY PROGRAM 1
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syndrome, hypertension, lipid abnormalities (7), renal disease (8), risk
of type 2 diabetes (9), and psychomotor, memory and learning deficits
(10, 11, 12).

The fetus of a woman with pre-diabetes, type 1 diabetes, type 2
diabetes, and GDM is at higher risk of morbidity and mortality during
development and the neonatal period. Associated morbidity includes
congenital anomalies, prematurity, perinatal depression, respiratory
distress syndrome, and metabolic complications. Although insulin
treatment and intensive prenatal and neonatal care have improved
outcomes in the offspring of women with type 1 and type 2 diabetes,
these conditions contribute to a high perinatal mortality due to
hyperglycemia-induced teratogenicity. Preconception care with strict
glycemic control significantly reduces hyperglycemia-related mortality
and morbidity (13, 14). As shown in Table 2, maternal hyperglycemia
is associated with an abnormal intrauterine environment. By the eighth
week of gestation, diabetic embryopathy (birth defects and spontaneous
abortions) may occur (14). Subsequently, diabetic fetopathy
(macrosomia and fetal hyperinsulinemia) occurs during the second and
third trimesters (14).

Table 2: PERINATAL MORTALITY AND NEONATAL

MORBIDITY IN INFANTS OF DIABETIC MOTHERS
(3,13, 15,16, 17, 18, 19, 20, 21, 22)

Complications Reported rates (%)
Perinatal mortality* 0.6-4.8
Cesarean delivery* 32-45
Premature deliveries
<37 weeks gestation 24 - 33
<34 weeks gestation 14 - 16
Congenital anomalies™ 1.7-94

Perinatal asphyxia (fetal distress, |9 - 28
low 1-minute Apgar score or
intrauterine death*

Macrosomia* 9-28
Intrauterine growth restriction 2-8
Respiratory distress syndrome 2-6
Metabolic complications
Hypoglycemia™* 5-25
Hypocalcemia 4
Polycythemia 5-33
Hyperbilirubinemia 11-29
Cardiomyopathy
Symptomatic 2-10
Asymptomatic 30 - 50

*Lowest rates are associated with strict glycemic control
**Strong correlation with macrosomia

CALIFORNIA DIABETES & PREGNANCY PROGRAM 2
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FETAL EFFECTS OF Diabetic Embryopathy
MATERNAL DIABETES
Diabetic embryopathy is related to the severity of hyperglycemia (3, 18,
23,24, 25). A program of preconception care, strict glycemic control
prior to conception and during pregnancy, and the use of antepartum
fetal surveillance in women with type 1 or type 2 diabetes may reduce
the rate of congenital malformations (2, 16).

However, hyperglycemia alone does not offer a complete explanation
for the teratogenic process. More recent findings indicate multifactorial
etiology including myoinositol effects, arachidonic acid deficiency,
hyperglycemia altering gene cell signaling, hyperketonemia, and excess
of free oxygen radicals (14, 26).

Diabetic Fetopathy

Diabetic fetopathy, a disease of the fetus after the mother’s third month
of pregnancy, results from intermittent maternal hyperglycemia. This
results in premature maturation of fetal pancreatic islets, with
hypertrophy of the beta cells and resultant hyperinsulinemia (Pedersen
hypothesis) (27). Macrosomic neonates display significantly more
hyperinsulinemia than appropriate for gestational age (AGA) infants
(28).

Fetal Growth Patterns

Fetal growth is similar in diabetic and nondiabetic pregnancies during
the first and early second trimesters. After 24 weeks’ gestation,
maternal hyperglycemia results in disproportionate fat deposition and
visceromegaly, while head growth remains normal (29). Insulin can
affect certain hormones (e.g. leptin), placental vasculature, and the
transport and storage of glucagon in the placenta. The human placenta
undergoes change partly due to hyperglycemic insults resulting in
altered transport of nutrients such as glucose, amino acids and
cytokines, thereby affecting fetal growth (30). Increased growth
velocity in the third trimester has been identified in the large for
gestational age (LGA) infant of a diabetic mother. This increased
circumferential growth is observed by 32 weeks’ gestation in LGA
fetuses (1.36 cm/week) compared to AGA fetuses (0.9 cm/week) (29).

When blood glucose control is extremely tight with an average blood
glucose of <67 mg/dl, fetal growth will slow but then the infant is at
risk of becoming small for gestational age (SGA) (31, 32).

CALIFORNIA DIABETES & PREGNANCY PROGRAM 3
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Fetal Hypoxemia

Fetal hypoxemia is a significant contributor to fetopathy in infants of
diabetic mothers. Elevated metabolic rate may lead to:

+ Increased oxygen consumption: fetal hypoxemia has been
demonstrated in fetal lambs (33). Hypoxemia stimulates
erythropoietin synthesis resulting in polycythemia (34, 35).
Polycythemia is associated with an increased rate of neonatal
jaundice.

¢+ Chronic fetal hyperinsulinemia and hyperglycemia result in
glycogen loading and stiffening of the intraventricular septum,
resulting in fetal cardiomyopathy (36).

Fetal hypoxemia may contribute to the 20% to 30% rate of stillbirth
seen in poorly controlled diabetic pregnancies (17).

Macrosomia and Large for Gestational Age

Two terms are used to quantify excessive fetal growth: macrosomia and
large for gestational (LGA). A term infant with a birth weight greater
than 4,000 grams is considered to have macrosomia. An infant whose
birth weight is greater than the birth weight of 90% of infants born at
the same gestational age is considered LGA.

Excessive fetal growth is documented in the literature as occurring in
20% to 30% of infants of women with diabetes. It is two to three times
more common in diabetic than nondiabetic pregnancies (37, 38).

Macrosomia is caused by excessive nutrient supply, which causes
increased fetal growth, particularly of insulin-sensitive tissues (liver,
muscle, cardiac muscle, and subcutaneous fat) (36). Excessive growth
is associated with poor maternal glucose control, especially during the
third trimester (39, 40) and can be minimized by optimal maternal
glycemic control (40).

Macrosomia is associated with an increased risk of (7, 41, 42):
¢ Cesarean delivery
% Newborn hyperglycemia
¢ Hypoglycemia in an otherwise healthy newborn
< Birth injury

)

% Long-term risk of obesity and diabetes

*,
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BIRTH DEFECTS

Congenital Anomalies

As discussed above, infants of diabetic mothers are at significant risk
for major congenital anomalies (refer to Table 2 and Table 3).
Congenital anomalies occur in the infant of a woman with diabetes at a
rate two to four times higher than in the general population (18). A
diabetic woman who adheres to a rigid blood glucose control program
during the preconception and early pregnancy periods reduces the
incidence of congenital anomalies to normal nondiabetic levels. The
systems most commonly affected in the infant of a diabetic mother are
cardiovascular, central nervous and neural tube, skeletal, gastrointestinal
and genitourinary. Early identification through maternal serum alpha-
fetoprotein, ultrasound examination, and careful physical examination
of the fetus and neonate is indicated to ensure appropriate preparation
and referral for delivery and/or subspecialty intervention (14, 26).

Type 1 Diabetes

One study of approximately 8,000 infants found that the relative risk for
major malformations in infants of mothers with type 1 diabetes was 7.9
times that of infants of nondiabetic mothers (43). Congenital
malformations account for approximately 50% of the perinatal deaths in
newborns born to women with type 1 diabetes (36). Two-thirds of the
anomalies in infants of women with type 1 diabetes involve
cardiovascular (8.5 per 100 live births) or central nervous system (5.3
per 100 live births). Anencephaly and spina bifida occur 13 and 20
times more frequently in infants of women with type 1 diabetes than in
infants of nondiabetic mothers (43). Table 3 summarizes congenital
anomalies associated with infants of diabetic mothers.

Type 2 Diabetes

Birth defects due to hyperglycemia are also seen in the infants of
women with type 2 diabetes (13). Since birth defects are associated
with obesity, women with type 2 diabetes who are also obese may have
an increased risk above that based on just hyperglycemia. Obese
women (BMI > 30) were more likely than average-weight women to
have an infant with spina bifida (unadjusted odds ratio [OR] 3.5),
omphalocele (OR 3.3), heart defects (OR 2.0), and multiple anomalies
(OR 2.0) (44, 45).

CALIFORNIA DIABETES & PREGNANCY PROGRAM 5
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Table 3: CONGENITAL ANOMALIES ASSOCIATED WITH INFANTS
OF DIABETIC MOTHERS (14, 26)

Systems Anomalies

Skeletal Caudal regression syndrome (sacral agenesis)
Hemivertebrae

Cardiovascular Ventricular septal defect (VSD), patent ductus arteriosus,
or atrial septal defect

Transposition of the great vessels with or without VSD
Coarctation of the aorta with or without VSD

Single ventricle, hypoplastic left ventricle

Pulmonic stenosis, pulmonary valve atresia, double
outlet right ventricle truncus arteriosus

Gastrointestinal Duodenal atresia
Imperforate anus
Anorectal atresia

Small left colon syndrome
Situs inversus

Genitourinary Ureteral duplication
Renal agenesis
Hydronephrosis

Neurologic Anencephaly, arrhinencephaly

Microencephaly, holoprosencephaly

Neural tube defects (meningomyelocele and other
variants)

Other Single umbilical artery

PERINATAL Premature Delivery
COMPLICATIONS
Spontaneous premature labor occurs more frequently in diabetic women
than in nondiabetic women. Preterm birth rates among women with
diabetes vary, depending on the type of maternal diabetes, maternal age,
and whether other factors, such as congenital anomalies, are present (19,
40).

A literature review on premature delivery among diabetic mothers
shows the following:
¢ Premature labor occurred in 31% of 181 pregnancies among
women with type 1 diabetes compared to 20% in a control
population (46).
¢ A similar preterm delivery rate of 31% was noted in a study of
women with type 2 diabetes (13).
¢ One study showed that a third of 110 diabetic pregnancies
delivered prematurely because of preeclampsia (16).

CALIFORNIA DIABETES & PREGNANCY PROGRAM 6
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Perinatal Asphyxia

Type 1 diabetes is associated with an increased risk for intrauterine or
perinatal asphyxia, which often is defined broadly to include fetal heart
rate abnormalities during labor, low Apgar scores, and intrauterine
death. In a study of 162 diabetic women, 27% of fetuses had perinatal
asphyxia (46). Perinatal asphyxia was correlated with hyperglycemia
during labor, prematurity, and nephropathy. Maternal vascular disease,
manifested by nephropathy, may contribute to the development of fetal
hypoxia, oxidative stress, and subsequent perinatal asphyxia and
potential stillbirth (17).

Birth Injury

Macrosomia occurs among all classes of diabetic pregnancies, except
those with vasculopathy that results in intrauterine growth restriction
(IUGR). Macrosomia predisposes the neonate to birth injury, especially
shoulder dystocia, and can result in brachial plexus injury, clavicular or
humeral fractures, perinatal asphyxia, and less often, cephalohematoma,
subdural hemorrhage, or facial palsy (39, 47, 48). Nearly one-third of
large (at least 4 kg) neonates born to women with type 1 diabetes have
an increased incidence of shoulder dystocia. Cesarean delivery without
labor often is recommended in diabetic pregnancies if the fetal weight is
estimated to be greater than 4300 - 4500g (47), contributing to the high
rate of operative delivery for women with diabetes. Ultrasound
parameters are not always accurate in predicting macrosomia (32).

Intrauterine Growth Restriction

Intrauterine Growth Restriction (IUGR) can occur in poorly controlled
diabetes, especially when diabetes is complicated by vasculopathy.
Preeclampsia, a frequent complication of diabetic pregnancies, can
impair growth by impeding flow of blood and nutrients to the fetus.
Congenital anomalies associated with diabetic pregnancies also may
lead to IUGR. Although close control of maternal glucose limits the
development of macrosomia, excessively aggressive glucose control
may lead to growth restriction.

NEONATAL DIABETES Neonatal Assessment

ASSESSMENT
COMPLICATIONS. A ND, Prior to delivery, the health care provider should obtain a maternal-fetal
2 . . . . . .
MANAGEMENT history through chart review and communication with the obstetric care

provider and the patient. Review the chart for the following:
¢+ Outcomes of previous pregnancies
++ Gestational age and estimation of fetal size

CALIFORNIA DIABETES & PREGNANCY PROGRAM 7
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+ Control of diabetes preconceptionally and prenatally

+«» Preconception and prenatal maternal hemoglobin Alc levels

+ Results of screening, diagnosis, and treatment of gestational
diabetes and genetic evaluations

¢ Antenatal fetal surveillance results

¢ Monitoring during labor and status of lung maturation

Optimal management of the infant of a diabetic mother involves the
following components:
A general neonatal assessment
+ Evaluation for and, if present, treatment of hypoglycemia
+» Assessment and management of diabetes-related neonatal problems
+¢+ Facilitation of family communication and support

Neonatal Complications

Hypoglycemia

Hypoglycemia, defined as blood glucose levels below 40 mg/dl,
occurs frequently in infants of diabetic women (from 25 - 40%) (36,
49,50, 51). The onset typically occurs in the first few hours after
birth and requires close monitoring. Hypoglycemia is most common
in macrosomic infants; this incidence is related to persistent
hyperinsulinemia in the newborn after interruption of the intrauterine
glucose supply from the mother. Strict glycemic control during
pregnancy decreases, but does not eradicate, the risk of neonatal
hypoglycemia. Preterm infants and infants of women with type 1
diabetes who are SGA are at increased risk of hypoglycemia because
glycogen stores are reduced and hyperinsulinemia decreases the ability
to mobilize hepatic glycogen (50, 52, 53).

Blood glucose values in the first 2 to 3 hours after birth may drop to
low levels and then rapidly and spontaneously improve (50, 54).
Transient low blood glucose levels during this time should be
monitored every 15 minutes until recovery is evident. Transient
hypoglycemia implies low levels during the 2-3 hours after birth
confined to the newborn period. Persistent and recurrent
hypoglycemia implies that long-term management is indicated with
glucose infusion and/or pharmacological intervention (50).

Signs and Symptoms of Infant Hypoglycemia
Symptoms of hypoglycemia are highly variable. Up to 50% of cases
of hypoglycemia in infants will be asymptomatic (36). Consequently,
routine screening is recommended for all infants of women with
diabetes. Common symptoms of hypoglycemia in the neonate include
(36, 54):

+«+» Abnormal cry

% Apnea

CALIFORNIA DIABETES & PREGNANCY PROGRAM 8
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Feeding difficulty
Lethargy, stupor
Hypothermia
Respiratory distress
Tachycardia
Grunting, tachypnea
Irritability
Hypotonia, limpness
Unexplained cyanosis
Seizures

Jitteriness, tremors
Sweating

Recommended Feeding Practices for Asymptomatic Infants
While treatment, as discussed below, is needed for the symptomatic
neonate, the following feeding practices are recommended for
asymptomatic infants who, nevertheless, have blood glucose levels in
the hypoglycemic range:
¢ Promote early feeding by breast by one hour of age, hourly for
three or four feedings until the blood glucose is stable (> 40
mg/dl), and then every two to three hours until 12 hours of age
(55).

«*» The first colostrum has the highest level of glucose and may be

given by spoon when pumped or hand-expressed.

+ Breastfeeding is not contraindicated for hypoglycemic infants.
It may require the support of a lactation consultant and
supplementation (50). Due to lethargy, feeding difficulties and
need for optimal intake, it may be necessary to gavage feed
while the mother uses a breast pump to establish and maintain a
milk supply.

¢ Glucose water is not recommended. Tt is rapidly absorbed by
the gastrointestinal tract and can stimulate the release of insulin,
which may further worsen hypoglycemia in the infant of a
woman with diabetes.

« If oral or gavage infant feedings are not tolerated, or the infant

blood glucose level drops to <40 mg/dl, parenteral treatment
may be indicated (49).

Treatment for Symptomatic Infants
Facilities should have specific protocols for treatment of infant
hypoglycemia. The protocol described below provides
recommendations for infants who have hypoglycemia despite feeding,
have low birth weight, or are preterm.
¢+ IV glucose administration is best accomplished with a
peripheral IV catheter (55). However, due to the likelihood and
danger of infiltration into the tissues, central access is required
if glucose concentrations greater than 12.5% are necessary.

CALIFORNIA DIABETES & PREGNANCY PROGRAM 9
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+¢ Initial treatment includes 2 ml/kg D10W (200 mg/kg/dose)
bolus; follow with 4-8 mg glucose/kg/minute (D10W at 80-120
ml/kg/day) infusion (56).

+» Do not delay treatment awaiting lab confirmation of
hypoglycemia (54).

% Measure blood glucose levels every 15 to 30 minutes until
glucose is stable and above 40 mg/dl.

+ Observe IV site frequently and treat loss of IV access as an
emergency. Reactive hypoglycemia may follow a sudden
interruption of glucose infusion.

« Begin oral feedings if not contraindicated; monitor plasma
blood glucose and decrease glucose infusion concentration and
rate as tolerated oral feeding volume increases.

+ An infant who requires a high glucose infusion, whose plasma
blood glucose drops to less than 20 mg/dl, is unresponsive to
treatment, or has sustained hypoglycemia may require a
neonatology consult.

Hypocalcemia

Hypocalcemia, defined as a total serum calcium concentration of less
than 7 mg/dl, or an ionized calcium value of less than 4 mg/dl, or less
than 3.2 mg/dl in infants with birth weight less than 1500 g, occurs in
at least 10% to 20% of infants of women with diabetes (36). The
lowest serum calcium concentration typically occurs between 24 and
72 hours after birth and often is associated with hyperphosphatemia.
The extent of hypocalcemia is related to the severity and duration of
maternal diabetes.

Hypocalcemia is thought to be caused by the lower concentration of
parathyroid hormone (PTH) after birth that is observed in neonates of
diabetic mothers (57). Higher serum ionized calcium concentrations
in utero may suppress the fetal parathyroid glands (57). The
development of hypomagnesemia, prematurity, and birth asphyxia
may be contributing factors. Hypocalcemia usually is asymptomatic
and resolves without treatment in term infants of diabetic mothers. As
a result, routine screening is not recommended. However, the serum
calcium concentration should be measured in infants with:

¢ Jitteriness

¢ Lethargy

% Apnea

+«» Tachypnea

¢ Seizures

and in infants who have the following complications:
% Prematurity
% Asphyxia
+» Respiratory distress
¢ Suspected infection
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Hypomagnesemia

Hypomagnesemia, defined as serum magnesium concentration less
than 1.5 mg/dl, occurs within the first three days after birth in up to
40% of pregnancies complicated by diabetes (36, 58). The mechanism
is thought to be maternal hypomagnesemia, caused by increased
urinary loss secondary to diabetes. Prematurity may be a contributing
factor. Hypomagnesemia usually is transient and asymptomatic, and
thus usually is not treated. However, hypomagnesemia can reduce
both parathyroid hormone (PTH) secretion and PTH responsiveness
(59). As aresult, in some neonates with hypocalcemia and
hypomagnesemia, the hypocalcemia may not respond to treatment
until the hypomagnesemia is corrected.

Respiratory Distress Syndrome

Respiratory distress syndrome (RDS) occurs more frequently in
infants of diabetic women in comparison to infants of nondiabetic
mothers. This is especially significant in infants born before 38 weeks
with suboptimal glycemic control or poor dating (58). The
mechanism may be delayed maturation of surfactant synthesis caused
by hyperinsulinemia, possibly by interference with the induction of
lung maturation by glucocorticoids (60, 61). In contrast, fetal lung
maturation may occur early in diabetic pregnancies stressed by
vasculopathy. To ensure lung maturity in diabetic pregnancies when
elective delivery is planned, phosphatidylglycerol should be present in
amniotic fluid and the ratio of lecithin to sphingomyelin (L/S ratio)
should be more than 2.0, or optimally 3.5 (62).

Respiratory distress may also be due to hypertrophic cardiomyopathy,
(63) other cardiac or pulmonary anomalies, or transient tachypnea of
the newborn (TTN) (64, 65). Respiratory distress increases the work
of breathing and glucose utilization, and warrants diagnostic
evaluation and early treatment.

Transient Tachypnea of the Newborn

Transient tachypnea of the newborn (TTN) is the most common cause
of respiratory distress in the term infant of a woman with diabetes.
TTN occurs two to three times more commonly in these infants
compared with infants of nondiabetic mothers (66). The newborn will
exhibit tachypnea within the first two hours of birth (67). This
condition develops as a result of residual fetal lung fluid following
delivery, is mostly benign, and will usually resolve within a few hours
or within two days following delivery (67). Cesarean delivery for
fetal macrosomia increases the risk of developing TTN (68).
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Polycythemia and Hyperviscosity Syndrome
Polycythemia, defined as a central venous hematocrit of more than 65,
has been observed in 13% to 33% of infants born to women with
diabetes (36, 64, 69). Symptoms include:
¢ Poor feeding
+» Tachypnea
++ Plethora
¢ Lethargy
% Cyanosis
» Irritability
Respiratory distress
Hyperbilirubinemia
Hypoglycemia
Thrombocytopenia

B
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The mechanism for polycythemia is uncertain, but is related to
increased erythropoietin concentrations caused by chronic fetal
hypoxemia (34, 35).

Polycythemia may lead to hyperviscosity syndrome, which includes
vascular sludging, ischemia, and infarction of vital organs.
Hyperviscosity is thought to contribute to the increased incidence of
renal vein thrombosis seen in neonates of women with diabetes.
Polycythemia also contributes to the increased, but rare, incidence of
stroke, seizures, and necrotizing enterocolitis, renal thrombosis, and
renal failure (36, 69). The hematocrit should be measured within 12
hours of birth to detect polycythemia. Treatment recommendations for
infants with polycythemia depend on whether the infant is
symptomatic (36).

Hyperbilirubinemia

Hyperbilirubinemia occurs in 25 to 50% of infants of diabetic women
(36, 59). It is associated with poor maternal glycemic control, and
macrosomic infants are at highest risk (70). Increased red blood cell
production secondary to increased erythropoietin results in increased
breakdown of red blood cells and an increase in bilirubin production.
The relative immaturity of hepatic bilirubin conjugation and excretion
contributes to this process. In addition, the excess hemolysis may
result from glycosylation of erythrocyte membranes. Polycythemia
and prematurity are contributing factors.

The Hyperglycemia and Adverse Pregnancy Outcome (HAPO) study
(27) reports that the incidence of hyperbilirubinemia increases as
maternal glucose levels increase. Large for gestational age infants of
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diabetic mothers may be at a greater risk for hyperbilirubinemia (20,
70). In one study, peak serum bilirubin concentrations were
significantly higher in LGA infants of women with diabetes when
compared to those who were average for gestational age or control
infants (20).

Diagnosis and treatment depend not only on measured bilirubin levels,
but also on the age and condition of the infant. Infants born to
mothers with well-controlled diabetes appear to have fewer problems
with hyperbilirubinemia.

Hypertrophic Cardiomyopathy
Hypertrophic Cardiomyopathy is one of the most commonly reported
cardiac malformations and is characterized as a thickening of the heart
muscle. It is thought to be caused by fetal hyperinsulinemia leading to
an accelerated growth of cardiac cells (71, 72). It is most likely to
occur in mothers with poor glycemic control during pregnancy. These
changes have been reported to occur in up to 30% of all infants of
diabetic mothers (72, 73). In the fetus of women with pre-existing
diabetes, cardiac function changes are evident in the first trimester and
cardiac enlargement in the third trimester (74).

Diagnosis is best made by echocardiogram. This condition is transient
and rapidly resolves as insulin concentrations normalize (36, 72). The
newborn is often asymptomatic. However, approximately 5% will
exhibit congestive cardiac failure and there have been a few fetal
deaths reported in the literature (74, 75, 76).

Signs and symptoms of hypertrophic cardiomyopathy and congestive
heart failure include:
+¢ Tachycardia
¢ Tachypnea
% Decreased heart rate with poor variability
Poor peripheral perfusion
Systolic ejection murmur
Lethargy
Fast, heavy breathing and sweating during feedings
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Symptomatic infants typically recover after two to three weeks of
supportive care and echocardiogram findings resolve within 6 to 12
months (77). Supportive care includes intravenous fluid
administration, ventilatory support, correction of any metabolic
conditions, and beta-blockers (36).
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Small Left Colon Syndrome

Small left colon syndrome presents with abdominal distention, failure
to pass meconium, and bile-stained vomiting (36). The problem is
transient and usually resolves after the evacuation of the colon (78).
Diagnosis is made with water-soluble contrast enema radiographic
studies, which often results in the passage of meconium and is thus
therapeutic. However, glycerin suppositories may be needed for the
first few weeks of life (36, 78).

Renal Vein Thrombosis

The incidence of renal vein thrombosis is increased in the infant of a
woman with diabetes, but remains rare. If it is not identified on a
prenatal ultrasound, the presence of newborn hematuria, hypertension
and/or a flank mass requires further investigation. This complication
usually resolves with conservative and supportive management that
includes careful fluid and electrolyte management to treat any
hypertension (64). Subspecialty consultation is recommended.

POSTNEONATAL Risk of Developing Diabetes
COMPLICATIONS/
LONG-~TERM Children of mothers with diabetes have an increased risk of developing
SEQUELAE diabetes that is, in part, genetically determined (25, 41, 79). The

lifelong risk of developing diabetes averages about 6% in offspring of
diabetics, 5% in their siblings, and 30% in their identical twins (versus
0.4% in subjects with no family history) (80, 81, 82). The development
of type 1 diabetes is more likely in offspring of diabetic fathers than
mothers (6.1% versus 1.3%) (83, 84). The development of type 2
diabetes is also influenced by genetic susceptibility. If the mother or
father of an infant has type 2 diabetes, the infant’s lifetime risk for
developing diabetes is five to ten times higher than that of age- and
weight-matched infants without a family history (82, 84, 85).

The abnormal metabolic environment of a diabetic pregnancy affects
the development of type 2 diabetes and predisposing risk factors such as
obesity (7, 41, 79, 86). The prevalence of both type 2 diabetes and
obesity has increased via a vicious cycle - a greater likelihood of
diabetes in the mother increases the likelihood of diabetes in the
offspring (41, 87). Intrauterine exposure to hyperglycemia and
hyperinsulinemia affects the development of adipose tissue and
pancreatic beta cells, leading to future obesity and altered glucose
metabolism (41). Macrosomia at birth resolves by one year of age, but
obesity recurs in childhood, resulting in a greater body mass index in
offspring of diabetic mothers than controls (24.6 versus 20.9 kg per
m?2). Impaired glucose tolerance has been documented in 36% of
offspring of diabetic mothers, an abnormality associated with elevated
amniotic fluid insulin concentrations (88). An increased incidence of
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high body mass index at 4 - 7 years of age has been noted in
macrosomic offspring of mothers with gestational diabetes (89).

Several studies have shown that metabolic syndrome, which consists of
insulin resistance, hypertension, obesity, and dyslipidemia, has
increased in the offspring of women with diabetes. In one study, the
incidence of metabolic syndrome seen at 11 years of age in the LGA
offspring of women with GDM was 50%, however it was only 29% in
the average weight offspring of women with GDM, and 4.8% in the
average weight offspring of nondiabetic mothers (7).

The studies mentioned in this section raise the issue of working with
women to control their blood glucose levels and their infants’ birth
weights. Healthcare practitioners should encourage women to provide
an environment and lifestyle that will prevent or reduce obesity,
diabetes, and metabolic syndrome in their families. Lifestyle
modifications that are encouraged for women after a GDM pregnancy
include exclusive breastfeeding, physical activity, and healthy nutrition
(90, 91).

Neurodevelopmental Qutcomes

Studies on long-term neurodevelopmental outcomes have appeared in
the literature since 1960, but research has been sporadic and has often
used animal models. The neurodevelopmental outcomes of infants of
women with well-controlled diabetes are similar to those of normal
infants (10, 12, 92). In contrast, poorly controlled diabetes may result
in neurodevelopmental abnormalities in the offspring (12, 93). In one
study, for example, head circumference at three years of age was
negatively correlated with Alc levels during pregnancy (12, 93, 94). In
another study of 196 offspring of women with type 1 diabetes,
psychomotor development at 6 - 9 years of age correlated with maternal
ketone concentrations during the second and third trimesters (10).
IUGR and central nervous system damage and malformations also
contribute to developmental delays.

FACILITATION OF Psychological Impact of Abnormal Fetal Imaging and Parental
FAMILY Response
COMMUNICATION
AND SUPPORT Conveying abnormal prenatal ultrasound findings to concerned parents

is a difficult task and requires provider skill. Abnormal test results
confront parents with life-altering decisions about anomalies that are
either incompatible with life or will irrevocably alter their child’s and
their family’s future.

When confronted with the discovery of a fetal abnormality, expectant
parents are faced with acute emotional trauma that can threaten their
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own functioning ability at the time, their developing role as parents, and
their attachment to their future child. Prenatal diagnosis of
malformations is widely accepted as beneficial for parents’ postnatal
psychological adjustment because they are prepared for the outcome
(95). Research has found that prenatal diagnosis was a significant
predictor of acute psychological distress in parents, especially among
mothers who were being admitted to a tertiary care center (96). As a
result, the remainder of the pregnancy can be fraught with underlying
anxiety and uncertainty for parents as they struggle with perceived loss
of control.

When parents decide to continue with the pregnancy, they will seek
ongoing support from health care professionals who respect their choice
and help them maintain both a sense of hopefulness and normalcy. Fear
of healthcare professionals rejecting their choice is common. Parents
experience much relief when their decisions are met with acceptance
and respect (97).

Women who make the decision to terminate an intended pregnancy
when faced with results showing fetal abnormalities experience grief
reactions similar to those experienced by women with spontaneous
pregnancy losses (98). Bereavement is often confounded by the choice
involved, ambivalent feelings about screening, abortion, and disability.

Guidelines for Counseling Parents Facing Abnormal Prenatal
Ultrasound Findings

« Provide the critical information of the ultrasound results with
empathy and understanding for the parents’ stress response and
grief process.

+» Coordinate timely visits with the tertiary care center team
(perinatalogist, social worker, etc.) to ensure continuity of care for
parents.

¢ Respect the parents’ decision and offer nonjudgmental support if
termination of pregnancy is an option (99).

+« Attend to and validate the complexity of parents’ reactions and
emotional responses (100).

«» Assess available social support services and offer resources
appropriate to the family’s needs.

++ Provide appropriate referral to a mental health professional as

needed.
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Guidelines for Counseling Parents of Infants with Abnormalities
During the Postnatal Period

While caring for the infant with abnormalities, keep these maternal and
family-related issues in mind:
+ Anticipatory guidance pertaining to a known problem may
decrease maternal and familial anxiety. This can include a visit to
a NICU, if the mother expresses an interest.
+» The woman who has a newborn with medical problems has an
increased need for psychosocial support. If the baby is in the
NICU, she may be frustrated about barriers between her and the
baby and experience depression associated with her perceived
helplessness and limited or lack of opportunity to bond with the
baby. All of these feelings may occur in the father as well as in
extended family members. The stress of having an infant in the
NICU can exacerbate already strained relationships, which can
magnify the mother's anxiety, depression and hopelessness.

+ Even if the newborn is relatively well, the mother will need
additional reassurance and support to resolve the stress associated
with her pregnancy.

«» A mother with diabetes is particularly vulnerable during the
postpartum period. She has just experienced a high risk pregnancy,
is coping with a chronic illness, and has a newborn who requires
special medical attention.

+ Women and families from other cultures may have different beliefs
about the causes of diabetes, the implications of the mother having
diabetes, and the impact of this illness on her baby. The woman
and her family may require special counseling from a staff person
who understands and can relate to diverse cultural beliefs. Refer to

the Cultural Competency Chapter (Ch 10) chapter for additional
information.

« Support for breastfeeding, if the infant's condition permits, should
be provided. Refer to the Breastfeeding Chapter (Ch &) of this
manual for more information.

Refer to the Behavioral and Psychosocial Components of Care Chapter
(Ch 9) of this manual for more complete information on psychosocial
evaluation and intervention.

Counseling Parents about the Newborn’s Diabetes Risk

Diabetes is a unique chronic illness where the majority of care and
responsibility occurs in the home. The family as a whole, rather than
healthcare professionals, is the “management team” of the disease.
Adhering to a philosophy of diabetes as a family disease is often useful
when counseling parents about an increased risk for diabetes in their
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newborn (101). It is important to increase the family’s overall
understanding about lifestyle changes that benefit both the children and
adults. The family is seen as the focus of intervention with
comprehensive education about behavioral changes that positively
influence glycemic control (102). Care coordination with the family's
pediatrician is another preventive measure with long-term positive
implications for disease management.
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6 Exercise

INTRODUCTION

Regular physical activity should be an important part of every woman's

lifestyle (1, 2). Although the physiologic changes that occur during
pregnancy may limit some types of exercise activities, low-to-moderate
intensity exercise is safe and beneficial. Exercise during pregnancy
helps maintain cardio-respiratory and muscular fitness, may help
decrease stress, and may alleviate some symptoms of depression.

Exercise provides an additional benefit for pregnant women who have
diabetes as it also helps to lower blood glucose (3, 4). Regular, aerobic
activity can be a useful tool for improving glycemic control by

increasing insulin sensitivity (5, 6).

Therefore, the addition of or

change in an exercise program to a woman's self-management plan may
affect other aspects of her self-management strategy, such as her meal

plan and insulin regimen.

BENEFITS AND
POTENTIAL RISKS OF
EXERCISE

of pregnancy.

Table 1 summarizes both maternal and fetal benefits and potential risks

Table 1. MATERNAL AND FETAL BENEFITS AND POTENTIAL RISKS OF EXERCISE
DURING PREGNANCY
Benefits Potential Risks
Maternal | ¢ Increases insulin sensitivity (7, 8) 4 Increases hypoglycemia (4, 5)
¢ Increases glucose utilization (6) 4 Blood pressure increases may
4 Improves carbohydrate utilization (7) exacerbate preexisting long term
4 Increases and maintains muscular complications (8)
strength (8) 4 Potential for musculoskeletal
¢ Increases and maintains injuries (4, 8)
cardiovascular conditioning (4, 5, 8) | ® Increases preterm labor in those
¢ Facilitates recovery (4) with a history of preterm births (3)
4 Augments a general sense of well
being (1, 4, 5, 9)
¢ Fosters positive behavior and lifestyle
changes (7)
4 Reduces back pain (4)
4 Improves mild to moderate
hypertension (8)
¢ May prevent excess weight gain (4)
¢ Reduces risk of preeclampsia (10, 11)
Fetal 4 May reduce the risk of delivery of 4 Increases fetal bradycardia (4)
LGA due to GDM (6)
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PHYSIOLOGICAL
CHANGES DURING
PREGNANCY AND
EXERCISE

Pregnancy induces a number of cardiovascular, metabolic,
musculoskeletal, and thermoregulatory changes.

Cardiovascular Changes

Cardiovascular changes that occur during pregnancy include (1, 2, 12):
¢ Increased blood volume - blood volume increases progressively
starting at 6-8 weeks gestation and reaches a maximum at 32-34
weeks. The average increase in volume at term is 45 - 50%. The
increase is needed for extra blood flow to the uterus, extra
metabolic needs of fetus, and increased perfusion of others organs,
especially kidneys.

«» Increased stroke volume - the amount of blood pumped by the left
ventrical of the heart in one contraction.

+ Decreased systemic vascular resistance - decrease in the resistance
the left ventricle must overcome to pump blood through the
systemic circulation

« Increased cardiac output (13) - cardiac output increases
approximately 40% during pregnancy (reaching a maximum at 20-
24 week’s gestation). Cardiac output is very sensitive to changes
in body position. This sensitivity increases as pregnancy
progresses, presumably because the uterus impinges on the
inferior vena cava.

Cardiovascular changes are also influenced by body position. Several
studies indicate that the supine position is associated with decreased
cardiac output in most pregnant women. For this reason, supine
positions should be avoided as much as possible during rest and
exercise (14).

+ Maternal Blood Flow Changes
A number of the maternal blood flow changes that occur during
pregnancy are exacerbated during exercise. These include a
dramatic shift in blood flow due to shunting of blood away from
the organs of the gut, including the uterus, to the working
muscles, skin and kidneys. These changes are influenced by body
position. There is a decrease in total uterine blood flow (4, 14), a
fall in systemic vascular resistance (15), and an increase in
systolic blood pressure in the third trimester (16). Furthermore,
several studies indicate supine positioning decreases venous return
from the lower extremities (15) and is associated with decreased
cardiac output in most pregnant women.

For a woman with preexisting diabetes, identifying any vascular
disease, hypertension, or other complications that may
compromise maternal blood flow is important before developing
an exercise program (5).
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0,

+ Fetal Responses to Maternal Exercise

Acrise of 10 to 30 beats per minute over baseline in fetal heart rate
is characteristic during or after strenuous maternal exercise (14).
Deceleration in fetal heart rate and bradycardia has been reported
to occur approximately 8-9% of the time during maternal exercise.
No associated lasting effects on the fetus have been reported (14).
Likewise, no adverse fetal developmental effects from exercise
have been reported in normal and insulin-requiring gestational
diabetic pregnancies (17, 18).

Metabolic Changes

The work of breathing during pregnancy increases 10% to 20% due to
the pressure of the expanding uterus on the diaphragm, resting oxygen
consumption (12). As the uterus expands, it displaces the diaphragm,
which often creates discomfort and dyspnea, both at rest and during
exercise (19). During pregnancy, resting oxygen requirements and
increased work of breathing are caused by pressure from the enlarged
uterus on the diaphragm. This results in decreased availability of
oxygen during aerobic exercise (14, 19). A pregnant woman needs to
modify the intensity of her activity to compensate for this decreased
oxygen availability, and should be instructed to stop exercising before
the point of exhaustion (20, 21).

A pregnant woman's body compensates for the increased demand of
exercise. During exercise, plasma is filtered from the capillaries,
resulting in an increased concentration of oxygen-laden red blood cells
in the circulation. This also increases oxygen availability to the fetus
(20).

The exercise-related increase in oxygen consumption during nonweight-
bearing exercise, such as stationary cycling or swimming, is the same or
greater in the second and third trimester as compared with postpartum
(22). After the thirteenth week of pregnancy, daily energy requirements
gradually increase to approximately 300 extra calories per day to meet
the metabolic needs of pregnancy. This requirement is further increased
for a pregnant woman who exercises regularly (18).

Exercise helps to regulate glucose transport and intracellular
metabolism, while maintaining insulin sensitivity (5, 12). We maintain
blood glucose level consciously through balanced nutrient intake and
exercise. Some hormones are associated with glucose homeostasis, but
the bulk of work is done unconsciously through feedback systems in the
body. There are several hormones involved in glucose homeostasis
(23):

+» Growth Hormone stimulates cells to enlarge and divide and

promotes protein production.
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¢ Thyroxine (T3 and T4) from the thyroid gland, helps regulate
metabolism of lipids, proteins and carbohydrates in cells as an
energy source.

+« Cortisol, an adrenal hormone affects glucose metabolism. When
the blood glucose drops, cortisol increases the blood glucose level
by a process called gluconeogenesis. Basically, the liver make the
new glucose from non-carbohydrate sources, amino acids and
glycerol from triglycerides. Cortisol has wide spread effects
throughout the body including maintaining blood pressure and
muscle strength (23).

% Glucagon from the pancreas, stimulates the liver to decompose
stored glycogen into glucose when blood glucose levels drop.
Glucygenolysis helps bring glucose levels back toward normal.
Glucagon also helps with gluconeogenesis.

++ Insulin made by the pancreas, helps lower the blood glucose
levels and affects the metabolism of sugar, protein and fat
throughout the body.

+ Somatostatin, also made by the pancreas, controls the glucose
metabolism by inhibiting secretions of insulin and glucagons.

+«+ Epinephrine/Norepinephrine from the adrenal glands, helps

stimulate the heart, lungs, blood vessels and nervous system, and

promotes processes to increase blood glucose levels when there is

a demand for more energy.

Furthermore, exercise regulates hepatic glucose output (5). The
decrease in blood glucose level is dependent on the level and duration
of exercise. Any weight bearing exercise may decrease insulin
resistance (1).

Based on these changes, exercise should be considered a treatment
option for pregnant women with diabetes (1). However, initiation of
exercise is not without risk.

For a pregnant woman with diabetes who takes insulin, metabolic
changes and exercise can increase the risk of hypoglycemia, especially
during long duration activity (7). The impairment in the mobilization of
liver glycogen stores, common during pregnancy (12), may further
compound hypoglycemia. Insulin, meal guidelines, and snack guidelines
may require adjustment to meet exercise demands and the needs of
metabolic changes of pregnancy (5, 17). Carbohydrates are an
important fuel source for maintaining homeostasis during pregnancy.
Once a pregnant woman with diabetes achieves a balance between
snacks, insulin, and exercise, she protects herself from episodes of
hypoglycemia, hypoinsulinemia, and hyperketonemia.
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Musculoskeletal Changes

Some of the changes that occur during pregnancy, such as enlargement
of the uterus and breasts, result in a shift in the center of gravity for a
pregnant woman (14). These physical changes may make some
activities more difficult to perform. Activities that involve significant
balance or risk of trauma (cycling, running) may require adjustment or
cessation to avoid injury. The following musculoskeletal changes occur
during the third trimester of pregnancy and should be considered when
planning a pregnancy exercise program:

+ Joint laxity secondary to relaxation of ligaments (particularly in
the pubic symphysis and sacroiliac joints) (14)
Cartilaginous softening
Shifting of the center of gravity resulting in lumbar lordosis and
potential balance problems (14)

K/
‘0

L)

0’0

The postural changes and the joint loosening often result in lower back
pain (14). Women should routinely perform exercises to strengthen the
back and abdominal muscles to prevent or relieve symptoms. The
anatomical and physiological changes that occur during pregnancy have
the potential to affect the musculoskeletal system (16). Due to joint
laxity women should be cautious when stretching to avoid
hyperextension of joint. Non-weight-bearing exercise is of particular
benefit to the pregnant woman with diabetes due to the increased use of
carbohydrates by the activation of major muscles and the lower risk for
impact injuries (17, 21).

Thermoregulatory Changes

+» Maternal Thermoregulatory Control
A pregnant woman's core body temperature increases when
exercise is intense and/or of long duration (14, 22). It also rises
faster in hot and humid environments. Pregnant women who are
accustomed to exercise are better adapted to dissipating heat than
women who have been sedentary. The level of hydration affects
the increase in temperature during exercise, and a woman’s core
temperature is greater if the exercising woman is underhydrated
(22). Dehydration can also adversely affect blood glucose levels
and heart function. Therefore, to maintain adequate heat
dissipation, women should be encouraged to maintain adequate
hydration, wear appropriate clothing, including appropriate
footwear, take frequent breaks and exercise during optimal
environmental temperatures.

¢ Fetal Thermoregulatory Control
Data regarding the effects of exercise on fetal temperature are
limited. Fetal body core temperatures are about 1°C higher than
maternal temperature (14).
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Decrease in Exercise Performance During Pregnancy

Because of the physiologic changes brought about by pregnancy, many
women who exercise regularly may notice a progressive decline in
performance beginning in early pregnancy (24). This decline is related
to changes in aerobic capacity, pregnancy-related fatigue, nausea,
vomiting and maternal morphologic changes. Most of these factors are
related to cardiovascular, metabolic, musculoskeletal blood flow and
heat production changes that occur during the third trimester (16).

PRE-~EXERCISE The pre-exercise evaluation should include (5):
EVALUATION + Assessment of glycemic control (A1C and blood glucose patterns)
+ Cardiovascular exam
+ An ECG is recommended for anyone over the age of 40 years

with type 1 diabetes or type 2 diabetes of > 10 years in duration.
»  Ophthalmologic exam
% Assessment of placental health

EXERCISE An exercise prescription requires knowledge of potential risks and
RECOMMENDATIONS assessment of the physical ability to engage in various activities. The
overall health, obstetric history, and medical risks should be evaluated
before a woman is prescribed an exercise program (14).

The following section discusses exercise guidelines for a pregnant
woman with diabetes during preconception, antepartum and postpartum.

Preconception

Exercise should be individually prescribed and monitored for a woman
with preexisting diabetes who is attempting to conceive.

If a woman is just starting an exercise program, she should be provided
education regarding medication changes, specifically insulin or oral
hypoglycemic agents, and a review of the meal and snack plan
necessary to meet exercise and blood glucose goals.

If a woman has been exercising regularly, the health care provider
should complete an assessment of her knowledge about insulin and
medication changes, food changes, use of snacks to meet exercise
requirements and appropriate treatment of exercise-induced
hypoglycemia.
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If a woman utilizes exercise as part of a preconception weight loss
program, as her weight loss progresses, a decrease in insulin dosage or
oral hypoglycemic agent rather than an increase in calories is needed to
prevent hypoglycemia.

Table 2 summarizes general preconception exercise guidelines for a
woman with preexisting diabetes.

Table 2. GENERAL PRECONCEPTION EXERCISE GUIDELINES FOR A WOMAN WITH
PREEXISTING DIABETES*
Type 4 Suggest any aerobic activities that uses large muscle groups suited to the individual
patient including light exercises and/or calisthenics to improve muscular strength and tone
(25). Refer to Appendix A (page 19)
4 Avoid high intensity exercise, competitive activities or exercise in hot, humid environments
if conception is suspected.
¢ For weight loss, encourage low impact activities. Choose or modify exercise based on
complications, if present.
Frequency | 4 Encourage exercise 3 - 7 days a week on at least 3 non-consecutive days for improved
glycemic control (19, 26).
Duration 4 20 - 60 minutes continuous or accumulated in sessions of at least 10 minutes at a time to
a total of 150 minutes per week (26). For additional benefits such as weight loss, up to
300 minutes per week is recommended (26).
Intensity 4 Aim for 50 - 80% of heart rate reserve
4 Heart rate should always be correlated with ratings of perceived exertion for a more
accurate indication of exercise intensity in the absence of an exercise tolerance test (2). A
woman with autonomic neuropathy may not experience increased heart rate with
increased activity. Subjective signs such as the ability to talk while exercising should be
used to monitor the determined level of activity for this woman (27).
Strength and flexibility training are also an important aspect of a complete fithess program
and should be incorporated into a weekly fithess program.
Resistance | 4 Resistance training should be encouraged in the absence of complications with a
Training frequency of 2 - 3 days per week. Each exercise session should consist of 2 - 3 sets of 8
- 12 repetitions with at least 48 hours separating the exercise sessions (26).
*after medical clearance

Exercise During Pregnancy

A pregnant woman with preexisting diabetes or one who develops GDM
can exercise with appropriate education and planning (14, 28). It is
recommended that a pregnant woman with diabetes be provided an
individualized exercise prescription (22). Individualizing an exercise
program includes:

@,

« an assessment of her current health and physical fitness
+¢ development of a program specific to her ability and motivation,

@,

+ recommendations for fluid and food intake

Y/

« information about activity limitations, contraindications and
warning signs (14).
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Most pregnant women with diabetes, whether it is type 1 diabetes, type
2 diabetes or GDM, can continue to exercise throughout pregnancy.

For pregnant women with diabetes, Appendix A outlines suggested
strengthening exercises, appropriate modes of exercise,
recommendations for exercise success, strength training
recommendations and how a little change can make a big difference.

Table 3 addresses general guidelines for prenatal exercise for a woman
with diabetes.

Table 3. PRENATAL EXERCISE GUIDELINES FOR A WOMAN WITH DIABETES

Type

4 Women should choose aerobic activities that will minimize the risk of loss of balance
and fetal trauma, such as: brisk walking, stationary cycling, cross-country skiing,
swimming, and arm ergometry for an upper body workout. Avoid high impact or
excessively jarring exercises and contact sports (2, 26).

4 Exercise in the supine position should be avoided after the first trimester (individual
differences may apply) (26).

4 Both aerobic and strength conditioning exercises are encouraged in all pregnant
women without complications as part of a healthy lifestyle (2)

4 Women who have been exercising prior to pregnancy may continue their exercise
program throughout pregnancy, using the guidelines in the following sections (2).

Frequency

¢ ACOG recommends that pregnant women engage in 30 minutes or more of moderate
exercise on most, if not all, days of the week (13).

¢ For previously sedentary women, start with at least 15 minutes of continuous exercise
3 times per week, gradually increasing to at least 30 minutes per day of accumulated
moderate intensity physical activity to a total of 150 minutes per week (2).

Duration

¢ Do not exercise to exhaustion (20). Exercise should include a 5 - 10 minute warm-up
and a cool-down period (5, 26).

Intensity

¢ Moderate activity is appropriate. Additionally, women who regularly engage in
vigorous-intensity aerobic activity or high amounts of activity can continue their
activity provided that their condition remains unchanged (e.g. they are in glycemic
control) and they talk to their health care provider about their activity level throughout
their pregnancy.
http://www.health.gov/PAGUIDELINES/factsheetprof.aspx

In type 1 diabetes, exercise does not always improve glycemic control (5).

Exercise can play a significant role in improving glycemic control
during pregnancy, particularly for women with GDM and is generally
recommended. At the end of this section we will summarize
precautions and contraindications (3, 17). Based upon the physiologic
changes previously outlined, the exercise intensity may have to be
decreased during pregnancy. Exercise for a woman with GDM is an
extremely useful intervention for maintaining normoglycemia (3).
Exercise also helps to control weight gain in a woman with GDM (2).
Moderate exercise, such as walking before or after a meal, or swimming
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before a meal, can effectively lower blood glucose levels. Exercise can
be used during times of the day when blood glucose levels are
problematic. Moderate exercise for twenty to thirty minutes is often of
sufficient duration to impact blood glucose values. A woman who
requires insulin should follow the guidelines in Table 4 which describes
blood glucose values and carbohydrate needs for physical activity
during pregnancy.

Table 4. BLOOD GLUCOSE VALUE AND CARBOHYDRATE NEEDS FOR
PHYSICAL ACTIVITY DURING PREGNANCY FOR WOMEN WITH
PREEXISTING DIABETES

Blood Glucose
Level

RECOMMENDED TREATMENT

> 250 mg/dl

Check urine ketones. If positive do not exercise until ketones are
negative (8).

100 - 250 mg/dl

No extra food; blood glucose above 130 mg/dl at 1 hour after a meal is
outside Sweet Success goals (8). Call doctor for exercise advice.

<100 mg/dl

Eat a pre-exercise carbohydrate snack (8)

< 60 mg/dl

Treat for hypoglycemia; start exercise after blood glucose is at target level
(25).

Exercise Considerations

Warm-up and cool-down exercises are especially important in
pregnancy. A warm up period of 5 - 10 minutes should include low
intensity callisthenics or simply the planned aerobic activity at a lower
intensity. This increases circulation and raises body temperature,
preparing the skeletal muscles, heart, and lungs for a progressive
increase in exercise intensity. A 10-minute cool-down allows the
breathing and heart rate to return slowly to pre-exercise levels.
Stretching for at least ten minutes is recommended and can follow the
warm-up or cool-down session (29).

The use of insulin or oral hypoglycemic agents (OHA) to control blood
glucose levels requires additional planning for exercise. Women who
use these medications are more vulnerable to exercise-related
hypoglycemia, primarily because of the uncertain effects of previously
injected insulin or already ingested OHA (3). Education aimed at
helping the woman make adjustments to the insulin or OHA dose and
meal plan, based on blood glucose testing, can help prevent exercise-
induced hypoglycemia and provide information on how exercise affects
blood glucose levels (30).

CDAPP goals for blood glucose control during pregnancy are:
fasting 60-89 mg/dl
one hour postprandial 100-130 mg/dl (plasma values) (31)
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If a woman is having blood glucose values outside these targeted goals
before, during, or after exercise, the treatment team should be consulted
to help make appropriate adjustments. Self-monitoring of blood glucose
should be incorporated into the exercise program to provide feedback
on the necessity of adjusting diet or insulin dosage (19, 32).

The following information is provided to assist the treatment team when
making adjustment recommendations.
% When to Exercise/When to Avoid Exercise
A woman with GDM on insulin therapy should try to time
exercise 30-60 minutes after eating a meal. This may help to
blunt the postprandial glucose response provided blood glucose
values are within target range (33).

Recreational activities with an increased risk of falling such as
gymnastics, horseback riding, or ice hockey, and vigorous racquet
sports that have a high risk of abdominal trauma should be
avoided, particularly in the third trimester. Scuba diving should
be avoided throughout pregnancy. Other activities such as soccer
and basketball, with a potential for contact can place the mother
and fetus at risk for trauma (13). Avoid exercising during peak
periods of insulin action and in extreme heat, humidity, or cold

).

+ Special Considerations for Women Using Insulin

¢+ Some considerations are especially warranted for a pregnant
woman on insulin who exercises.

¢ The abdomen is the preferred insulin injection site. If another
site is used, avoid using a leg or arm if it will be exercised
heavily within 60-90 minutes of the injection.

¢+ Keep a fast-acting carbohydrate source close at hand.

* Drink water before, during, and after exercise to remain
hydrated.

+ Balancing Snacks, Insulin, and/or Oral Hypoglycemic Agents
Snacks are often needed during exercise to prevent exercise-
induced hypoglycemia. In pregnancy complicated by diabetes, the
blood glucose goals are closely controlled and snacks may be
needed even for light to moderate activity. Snacks provide
additional kilocalories and carbohydrates to be utilized during the
exercise period.

Table 4 on page 9 indicates the recommended amount of carbohydrates
needed based on blood glucose values. It is important for the health
care team to know if blood glucose values rise greater than 250 mg/dl
or if ketones are present in the urine. The presence of ketones in the
urine may indicate that the woman is insulin deficient and exercise will
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not improve blood glucose control under these circumstances. In this
case, treatment should be aimed at improving glycemic control before
implementing an exercise program. However, if the woman feels well
and urine and/or blood ketones are negative, it is not necessary to
postpone exercise based simply on hyperglycemia (34).

Women utilizing an insulin pump have more options in relation to
exercise. Rather than adding carbohydrate to feed the insulin on board,
a woman with an insulin pump may decrease her pre-meal bolus if
exercising within 60 to 90 minutes of a meal. She also has the option of
reducing her basal rate. As a starting point, a reduction of 20% of the
basal rate is recommended with light exercise. Light exercise includes
walking or leisurely bicycling for 30 minutes. With moderate exercise,
she may need a reduction from 50% or more of the basal rate.

Moderate exercise includes playing tennis (doubles), jogging, cycling,
or playing golf for 30 minutes. It is recommended that a minimal basal
rate be continued. Suspending pump basal infusion longer than 1 hour is
not recommended due to the accelerated ketone production of
pregnancy. Women utilizing an insulin pump should adjust their basal
rate according to their personal experience with exercise and insulin
requirements.

The duration of the pregnant woman’s exercise will dictate the amount
of carbohydrate required. Snacking in the following way before and
during prolonged exercise can prevent hypoglycemia.
¢ Eat a meal 1 - 3 hours before exercise (8).
¢+ In women taking insulin, extra carbohydrate should be ingested if
pre-exercise blood glucose levels are < 100 mg/dl (34).
¢+ Take supplemental carbohydrate (about 20 - 25 g) every 30 minutes
during exercise if activity is vigorous and of long duration > 60
minutes (8).
¢+ After prolonged exercise , > 60 minutes, decrease in blood glucose
levels may occur several hours after exercise or may remain lowered
for 12-18 hours (3). This may require a decrease in intermediate-
acting insulin or additional snacks several hours later (8).

Precautions and Safety Considerations

A woman with any of the following conditions needs to be evaluated
carefully to determine whether an exercise program is appropriate for
her (14).

¢+ Poorly controlled type 1 diabetes

« Poorly controlled thyroid disease (26)

¢ Cardiac disease

« Vascular disease
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¢ Chronic hypertension

< Pulmonary disease

« Renal disease (4)

« Anemia (2, 30)

+ Eating Disorder (2)

< Previous spontaneous abortion (2)
«» Previous preterm birth (2)

*» Morbid obesity (BMI > 33) (14)

Many of the above conditions, if well controlled, are not obstacles to
regular physical activity.

Symptoms that Signal a Time to Stop Exercising
A pregnant woman should be advised to stop exercising
immediately and call their doctor, if one or more of the following
symptoms occur (2, 13):

Vaginal bleeding

Painful uterine contractions

Unexplained abdominal pain

Severe tachycardia

Loss of muscle control

Dizziness

Nausea

Chest pain

Severe breathlessness

Headache

Calf pain or swelling

Decreased fetal movement

Amniotic fluid leakage

*® S & & 6 O 6 O o o o o o

Absolute Contraindications
Certain maternal and/or fetal conditions preclude exercise.
Pregnancy-induced hypertension (2)
Intrauterine growth restriction (14)
Preterm rupture of membranes (2, 13)
Preterm labor (14)
Incompetent cervix or cerclage (13, 14)
Persistent second or third trimester bleeding (4, 13, 14, 35)
Diagnosed retinopathy (14)
Multiple gestation at risk for premature labor (14)
Placenta previa after 28th week (2, 14)

* & & & & o o o o

Postpartum Exercise

An exercise program for postpartum and beyond is helpful for blood
glucose control and is appropriate for healthy weight maintenance. The
health care team should work with the woman to develop an exercise

CALIFORNIA DIABETES & PREGNANCY PROGRAM 12
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plan based on her medical condition and take the following factors into

account:

A woman should resume exercise at low intensity and gradually
increase to preconception levels based on her physical capacity.
Many physiologic and morphologic changes of pregnancy
continue up to 4-6 weeks postpartum (14, 24).

+» The exercise program should be modified to prevent excessive
fatigue, taking into account the increased demands of
breastfeeding and motherhood (2). In addition, it should work
with other aspects of her self-management plan to promote
optimal blood glucose control.

% A woman on insulin needs to be aware of decreased insulin needs
postpartum and during breastfeeding to prevent hypoglycemia
(36).

+» A woman using oral hypoglycemic agents may need decreased
medication to prevent exercise-induced hypoglycemia.

« Exercise, in an adequately nourished woman, should not
negatively impact breastfeeding or a woman's milk supply (1, 2).
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Appendix A

W%r t Overhead Press -
% Shoulder Raise -

Upright Row -

s 174

Low Row -

lso X

'.\ Biceps Curl -

/ Triceps -

(Elj‘ (a-/' TSeated Leg Lift -

Chest Crossover -

Suggested Strengthening Exercises for a Pregnant Woman with Diabetes

Both arms push up to meet overhead from about shoulder level. Return to start. Repeat.

With arms down by your side, raise to about shoulder level then return to your sides
and repeat.

Hold weights* together, arms extended down. Lift weights up to just under your chin
with elbows higher than hands. Lower and repeat.

Hold arms at shoulder level with elbows slightly bent. Bring arms together in front of
your body, crossing forearms one over the other. Return to start and repeat.

Begin with arms close to your sides, elbows bent at 90 . Pull both arms back
simultaneously until hands are at your sides then push arms out in front. Repeat.

One Arm Bendover Row - Lean forward supporting upper body on your leg (or a chair back or table).

With one arm pull weight* up and back, leading with your elbow. Lower
weight and repeat.

With arms extended, palms up, bring weights up to your shoulders, keeping elbows
close to your sides. Lower and repeat.

Hold one weight in both hands overhead. Lower weight behind your hear and slowly
raise up extending overhead. Keep elbows close to your head. Repeat.

Seated with feet flat on floor, extend (straighten) one leg at a time with toes pointed up.
Lower and repeat with other leg.

the knee. Lower and repeat with other leg.

% ,% Standing Leg Curl- Stand facing a wall (or chair back for support). Lift one foot up to buttocks, bending at

%L l Wall Sit -
l 2 Standing Squat -

With back to a wall, assume a seated position, feet out and apart, knees bent. Hold 3
seconds. Stand then repeat.

With feet flat on floor, shoulder width apart, hold head up, back erect. Slowly lower
hips until thighs are parallel to floor. Return to standing position. Repeat.

Adapted from A Turner, MS. Handout for clients, 2000.
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Appendix B Appropriate Modes of Exercise for Pregnancy Complicated by Diabetes:
= Walking = Treadmill walking
= \Water aerobics = Swimming
= Low impact aerobics = Stepping Machine (including elliptical)
= Bicycling (only in early pregnancy) = Stationary bicycling
= Dancing = Yoga

Light weight training
Step aerobics (until uterus blocks vision of step)

Recommendations for Exercise Success:

Exercise with a partner whenever possible

Know signs and symptoms of hypoglycemia

Carry source of carbohydrate

Wear supportive clothing

Carefully select footwear for optimal fit and comfort
Avoid exercise in hot or humid weather

Drink water liberally

Set realistic goals

Schedule exercise (specific days and time)
Choose convenient location

Go slow in the beginning; exercising too hard or too fast may result in injury
Choose activities that are fun and enjoyable

Vary exercise routine

Strength Training Recommendations:

Perform all exercises with good posture and proper technique (if possible, have
woman review proper technique with a skilled professional)

Start with light weights

Use slow and controlled movements: 2 seconds lifting and 2-4 seconds
lowering

Never hold breath

Breathe out during each lifting movement and breathe in during each lowering
movement

Add more repetitions as each exercise becomes easier

Increase weight only when an exercise becomes very easy

Perform strength exercises every other day

Stop at any signs of discomfort

*Weight size should be governed by the mother's level of fithess. Beginners
should use 1-3 Ib weights. Those who have some level of fitness should use 3.5-
5 Ib. weights.

Adapted from A Turner, MS. Handout for clients, 2000.
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Appendix C

LITTLE CHANGES MAKE A BIG DIFFERENCE *

Little Change Daily Calorie |Annual Weight
Expenditure or| Loss (lbs)

Deficit

Climb one extra flight of stairs 5 0.5

Walk in your neighborhood until you find a penny (10 50 3.9

minutes)

Manually operate your TV 6 0.6

Pull 10 weeds from your garden 10 1.0

Park 100 extra yards away from your work entrance 5 0.5

Walk one minute after each meal 15 1.5

Rise up and stretch 5 times at work 8 0.8

Walk 8 extra minutes a day 40 4.0

Cut your own lawn twice a month * 400 2.3

Give up your evening candy or ice-cream treat during 200 10

TV news

One less doughnut per week 200 2.8

One less ice-cream cone per week 200 2.8

Total weight loss: 29.8

Adapted from A Turner, MS. Handout for clients, 2000.

* If you are pregnant, check with your health care provider before starting
an exercise and/or weight loss program.
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For more information: California Department of Public Health, Center for Family Health
Maternal Child and Adolescent Health Division
California Diabetes and Pregnancy Program (CDAPP) Sweet Success
Guey-Shiang Tsay, RN, MSN
(916) 650-0300

http://www.cdph.ca.gov/programs/CDAPP

or

California Diabetes and Pregnancy Program (CDAPP) Sweet Success
Resource and Training Center

Cynthia Pefia, MPH, MSW

(858) 536-5090

http://www.CDAPPSweetSuccess.org
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INTRODUCTION Research has shown that Medical Nutrition Therapy (MNT) by
registered dietitians is the primary intervention in the management of
Gestational Diabetes Mellitus (GDM). It leads to improved prenatal
outcomes (1, 2), and is a key component of glycemic control. The
focus of nutrition care is similar for pregnant women with diabetes as
for all pregnant women. The goal for women with diabetes is also to
meet all of the nutrition needs of the fetus and mother while
additionally maintaining maternal normoglycemia (3). Rationale for the
meal plan includes achieving a preconception weight goal and optimal
nutrient intake, maintaining normoglycemia and optimal nutrient intake
throughout pregnancy, and attaining appropriate weight gain in each
trimester.

A pregnant woman with type 1 diabetes, type 2 diabetes, or GDM is at
high risk for adverse pregnancy outcomes (4, 5, 6). A Registered
Dietitian (RD) who specializes in perinatal and diabetes care is the
indicated provider for the initial nutrition assessment and for the
development of the medical nutrition therapy (MNT) plan. This plan
should address the goals of normoglycemia and the nutrition needs of
women before, during, and after pregnancy. It is recommended that a
RD assess the woman's dietary needs, individualize the meal plan, and
closely monitor food intake, exercise, and blood glucose levels to meet
glycemic and nutrient intake goals (7) (see Table 1). An individualized
MNT plan needs to be developed and implemented by a RD to
thoroughly address the risks and/or complications that can result from
diabetes. These maternal risks include hypertension, nephropathy,
retinopathy and gastroparesis (8).

MEDICAL NUTRITION MNT includes:
THERAPY FOR +» The use of a patient nutrition assessment to determine treatment
PREGNANCY strategies
AFFECTED BY ¢+ A nutrition therapy plan that is initiated to treat an illness, injury or
DIABETES condition

+«+ Evaluation of patient outcomes to determine the effectiveness of
the treatment
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The RD is also responsible for the following:

% Making recommendations on kilocalorie needs, distribution of
carbohydrates, and meeting nutrient requirements before, during,
and after pregnancy

¢ Integrating the MNT plan with overall medical management and
education goals regarding euglycemia, weight gain, medications,
exercise, and breastfeeding

¢ Advising team members of physical and/or psychosocial issues
impacting nutrition practices and the necessary changes in the meal
pattern and lifestyle to achieve the goals of the care plan

The basic objectives of MNT for diabetes in pregnancy are:

Set appropriate weight goals

Determine caloric needs

Develop an individualized, nutritionally balanced meal plan
Recommend vitamin/mineral supplementation as needed
Provide education concerning nutrition-related issues

Counsel on the importance of normoglycemia before, during, and
after pregnancy

Evaluate adherence to the meal plan

Maintain normal renal status

Differentiate between insulin deficient ketosis (Type 1 diabetes)
and carbohydrate/calorie deprivation ketosis

Provide evidence-based recommendations

Promote patient empowerment

J/
0‘0

R/
0’0

3

8

X3

S

3

8

R/
0’0

4

K/
*

*

R/
0’0

X3

8

R/
0’0

3

*

Nutrition Assessment

To develop an individualized MNT plan, a nutrition assessment must be
completed by the RD (9). A nutrition assessment includes, but is not
limited to, the components found in Table 1.

The following high-risk conditions in women with diabetes may require
more frequent and intensive nutrition intervention and counseling by the
RD:
¢+ Poor blood glucose control
History of frequent problems with diabetic ketoacidosis (DKA)
History of frequent episodes of hypoglycemia
<+ Initiation of intensive diabetes management, either through
multiple daily injections or insulin pump therapy
+ Underweight, overweight, or obese
+ Prediabetes
+ Eating disorders
Hypertension
Renal dysfunction
Celiac disease
Significant weight increase with improving blood glucose control
Dyslipidemia
Inappropriate weight gain or loss

R/ 7
0’0 0‘0

R/ X/ 7 X/
0’0 0‘0 0’0 0‘0

3

8

R/
0’0
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+¢+ Other conditions: infertility, hyperemesis, thyroid dysfunction,
polycystic ovarian syndrome (PCOS), impaired vision, blindness,
mental retardation

+¢ Other nutrition risks: pica, multiple gestation, bariatric surgery,
adolescence, low literacy, low income, psychosocial issues
impacting diet, dietary beliefs either religious, cultural or

philosophical
Table 1. COMPONENTS OF A NUTRITION ASSESSMENT (9)
Clinical Data Psychosocial History Dietary History
Determine: Assess: Assess:
- height/weight measurement | - learning needs, abilities, - usual food intake and
literacy level, education pattern of intake with
- weight history/Body Mass background emphasis on micronutrient
Index/Ideal body weight identification
- language and culture
- diabetes history, including: background - food allergies/intolerances
history of GDM
duration of diabetes - exercise pattern - alcohol, tobacco, caffeine,
hypoglycemia substance use
diabetes complications - living situation
family history - vitamin and dietary
- financial and employment supplement use
- medication regimen for status
diabetes - use of natural remedies
- family support
- other prescription or over the - knowledge of nutrition and
counter medications in use | - ethnic or religious beliefs meal planning skills
- previous obstetrical history - attitudes toward health - previous history of following
including current diabetes a diet and adherence
- medical test data pertinent to| knowledge
diabetes and pregnancy - other nutrition risks (e.g.
(hemoglobin A1C, self- - daily schedule eating disorders,
monitoring blood glucose, adolescence, low literacy,
creatinine clearance, thyroid low income, psychosocial
function) issues)
- hemoglobin/hematocrit/MCV
- blood pressure

Individualized Medical Nutrition Therapy Plan

As a primary member of the health care team, the woman will take part
in the development of goals that are individualized to accommodate her
unique lifestyle (10). On completion of the initial history and
assessment, the individualized MNT plan should be developed and
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PRECONCEPTION AND
INTERCONCEPTION
NUTRITIONAL CARE

implemented based on the woman's needs and abilities. The RD must
be willing to negotiate with the woman to develop a plan that meets
dietary goals and one that the woman will be able to follow (10).

The results of the nutrition assessment and development of the MNT
plan should be communicated to other team members and documented
in the woman's medical record. Communicating the MNT plan to
others will help ensure that the woman receives consistent messages, as
well as support and reinforcement from the entire team. The MNT plan
and carbohydrate distribution will need to be regularly reassessed.

The recognition of the importance of maternal health before pregnancy
has led to a growing interest in preconception and interconception care
(11). Women with a chronic health condition, such as diabetes or
weight problems, should receive ongoing care per clinical guidelines for
their evaluation, treatment, and follow-up during the preconception and
interconception periods. Nutritional status can be addressed in each of
the four basic components of preconception and interconception care:

1. risk assessment (eg, BMI, dietary intake)

2. health promotion (eg, folate supplementation)

3. clinical interventions (eg, calorie-restricted diet, exercise program)

4. psychosocial interventions (eg, behavior modification strategies)

(12).

Refer to the Medical Management and Education for Preexisting
Diabetes (Ch 3) chapter for a description of the CDAPP model of
diabetes preconception care. This model can be used for
interconception care as well.

Normoglycemia for Preconception

The glycemic goal for women with preexisting diabetes, and pre-
diabetes, both preconceptionally and after conception, is normoglycemia
(13). Pre-diabetes is a condition where blood glucose levels are higher
than normal, but not high enough for a diagnosis of diabetes. The
woman with preexisting diabetes, and pre-diabetes should have at least
one HbA Ic within target range just before attempting to become
pregnant (14). Keep in mind that the HbAlc is an average blood
glucose assessment and that a target HbAlc level can be achieved with
suboptimal blood glucose swings. Frequent glucose monitoring, in
conjunction with HbA lc level tests, is recommended to assess stability
of blood glucose levels. The California Diabetes and Pregnancy
Program follows the recommendations of the American Diabetes
Association and recommends the plasma blood glucose values for the
preconception and pregnancy period as depicted in Table 1 in the
Medical Management and Education for Preexisting Diabetes (Ch 3)
section of these Guidelines.
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For a woman with preexisting diabetes, normalization and maintenance
of blood glucose levels requires a balance between medication,
distribution of carbohydrate, kilocalories, and activity; as well as
identification of individual glycemic response to specific foods. Self-
monitoring of blood glucose is essential to evaluate how well goals are
being met (8).

Preconception Weight Goals

Weight goals are dependent on a number of factors. Historically, a
woman with preexisting diabetes has been encouraged to achieve an
ideal body weight (IBW) before conception. Being obese or
underweight may adversely affect fertility and pregnancy outcome (15).
Therefore, for an infertile woman who is not at her IBW, a plan for
losing or gaining weight is necessary prior to conception.

Preconception overweight is an increasingly more common high risk
obstetric complication and special care needs to be directed to these
women. Preconception and pregnancy nutrition counseling, careful
prenatal management, tight monitoring of weight gain, and long-term
follow-up could minimize social and economic consequences (16).

Maternal overweight and obesity increase the risk of birth defects,
pregnancy complications, and adverse pregnancy outcomes (17, 18). In
women with a prior pregnancy with GDM, having a prepregnancy
weight >190 Ib in a subsequent pregnancy increased the risk of a
recurrence of GDM by 70% (19, 20). Modest increases in BMI before
pregnancy could result in an increased risk for GDM and perinatal
complications, even if a woman does not become overweight (21).
Therefore, preconception counseling for women with preexisting
diabetes and prior GDM should address the issue of weight
management.

Achieving an ideal body weight is unrealistic for many women (10).
Achieving a reasonable body weight may be a more appropriate goal. A
reasonable body weight is defined as a weight the woman can reach and
maintain over an extended period of time. Weight goals should be
developed in conjunction with the woman to increase the opportunity
for successful achievement of the weight goal. Particularly in a non-
pregnant woman with type 2 diabetes, a weight loss of 5% to 10% of
current body weight could significantly improve glycemic control (22).

Determining Preconception Energy Needs

For a woman with preexisting diabetes, energy needs have to be
calculated to meet her preconception weight goal. Kilocalorie levels
may be calculated utilizing the method described in Table 2 for
estimated energy requirement (EER). Reported dietary intake is used
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along with clinical judgment to help assess the appropriateness of the
calculated calorie level, and to provide a realistic calorie level for the
woman. Weight loss, weight gain, weight maintenance, energy
expenditure from activity, and other factors also influence energy needs.
Exposure to undernutrition during the periconceptional period may be
inconsistent with good pregnancy outcomes (23). It is recommended
that weight reduction plans are discontinued before attempting to
conceive a pregnancy to assure optimal intake of nutrients prior to
conception. Maintaining an adequate diet well in advance of pregnancy
will also help to avoid a disruption of blood glucose control as a result
of large changes in dietary composition in early pregnancy (14).

Table 2. CALCULATING PRECONCEPTION KILOCALORIE NEEDS (9, 24)

The Institute of Medicine recommends a research-based energy intake calculation
using the following estimated energy requirement (EER) formula:

14 - 18 years of age:
EER =135.3 - (30.8 xA) + PA x (10.0 x Wt + 934 x Ht)

19 Years and older:
EER =354 - (6.91 xA) + PAx (9.36 x Wt + 726 x Ht)

A = age (years)
PA = physical activity coefficient
Wt = weight (kg)
Ht = height (meters)
Physical Activity PA
14 - 18 yrs 19 yrs +

Sedentary (only light physical activity
associated with typical day-to-day life) 1.0 1.0

Moderate Active (lifestyle includes daily 30
minutes of moderate intensity physical activity) 1.16 1.12

Active (lifestyle includes daily 60 minutes
of moderate intensity physical activity) 1.56 1.45

Sample calculation for estimated energy requirement (EER)
Reference normal weight woman is 55 kg, 165 cm, 20 years old, little or no
strenuous activity

EER (kcal) =354 -(6.91x20) + 1.0x (9.36 x 55 + 726 x 1.65)*

=354 - 138.2 +1.0x(514.8 +1197.9)
= 216 +1.0x 1713
= 1929 kcal

* REMINDER: In any math formula (outside of and within parentheses), all
multiplication steps are completed before addition and subtraction.
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PREGNANCY CARE Energy Needs During Pregnancy

Energy needs for a woman with preexisting diabetes will increase during
pregnancy. However, during the first trimester the woman's energy and
nutrient needs remain the same as during the preconception period,
unless there are complications of nausea, vomiting or hypoglycemia.
Major changes in diet composition may disturb glycemic control and are
not recommended in the first trimester (3). In the second and third
trimesters, daily energy requirements gradually increase. See Table 3 to
calculate energy needs in pregnancy.

Table 3. ENERGY NEEDS FOR PREGNANCY BASED ON GESTATIONAL AGE
The Institute of Medicine formulas for Estimating the Energy Requirements (EER) for
pregnant women who have normal weight are as follows:

e 1st trimester = Adult EER + 0
* 2nd & 3rd trimester = Adult EER + (8 x gestational age) + 180 kcal

At this time there is no consensus on determining energy requirements for overweight
and obese pregnant women. A registered dietitian should evaluate each individual's case
and provide the necessary education and monitoring to achieve weight gain goals (Table
5). Some women, especially those who are sedentary and/or live in developed countries,
may not need the additional kilocalories recommended above.

Kilocalorie needs for a pregnant woman with diabetes vary depending
on her BMI, activity level, age, whether the pregnancy has single or
multiple fetuses, pregravid weight and other factors (13). The goal is to
meet nutrition and energy requirements for normal fetal growth with
appropriate maternal weight gain. Energy needs may require
adjustment during pregnancy based on blood glucose values, ketone
levels and weight gain parameters (25). Additional kilocalorie
recommendations for specific populations are also mentioned in

Table 3.

Energy Recommendations for Multifetal Pregnancy

The increased caloric needs for a multifetal pregnancy would average
about 150 kilocalories per day over the needs of a singleton pregnancy
(26). Tracking prenatal weight gain is the recommended method of
determining if caloric intake is adequate. Proposed weight gain
recommendations are found in Table 6. Consistent weight gain with
1.5 1b per week after the first trimester appears to reduce the risk of
preterm and low birth weight deliveries (26).
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Body Mass Index

Body Mass Index (BMI) is used to determine the woman’s
preconception weight category. BMI is calculated based on pregravid
weight using the equation in Table 4. Also refer to Appendix A for a
Body Mass Index Table.

Table 4. CALCULATING BODY MASS INDEX *
To calculate BMI using U.S. imperial units: To calculate BMI using metric units:
BMI =703 x Weight (Ib) BMI = Weight (Kg)
Height (in)2 Height (meters)2
Example: Woman is 5'6" and 155 Ibs Example: Woman is 1.68 m and 70.5 Kg
BMI =703 x 155 BMI =70.5 Kg
(66)2 (1.68 m)2
BMI =703 x 155 BMI = 70.5 Kg
4356 2.82m
BMI =703 x .036 BMI = 25
BMI = 25
* If the woman enters into the program during pregnancy, special efforts need to be made to determine
her actual or most accurate pregravid weight (Appendix B). See BMI calculator link:
http://www.cdc.gov/healthyweight/assessing/bmi/adult_bmi/english_bmi_calculator/bmi_calculator.html

BMI Cut-Offs

BMI cut-off points are used clinically to identify individuals for:
absolute risk assessment

determining the type and intensity of treatment

monitoring individuals for effects of treatment over time
determining institutional policies on individuals

» increasing awareness of risk for individuals (27)

7 R/
0'0 0.0

R/
0.0

7
4 0'0

.0

Risk assessment for GDM should be done on all pregnant women at the
first prenatal visit to determine the need for early testing. The American
Diabetes Association recommends testing to detect diabetes for women
with a pregravid BMI 225 or any of these additional risk factors (28):

- previous GDM,

- presence of glucosuria,

- diagnosis of Polycistic Ovary Syndrome,

- women of ethnic groups with a high prevalence of diabetes diabetes
(African American, Latino, Native American, Asian American, and
Pacific Islander)

- first-degree relative with diabetes
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- previous delivery of large-for-gestational age infant
- chronic use of medication that may affect blood glucose levels

The criteria of BMI 225 for early screening by CDAPP is notably lower
than the BMI >29 which was the cut-off point for obesity according to
the 1990 Institute of Medicine (29). In 2002 CDAPP adopted a
combination of the 1990 Institute of Medicine (IOM) and World Health
Organizations (WHO) BMI cut-offs points. In 2009 the IOM adopted
the WHO cut-off points for categorizing prepregnancy BMI for the
general population. With the new 2009 IOM BMI cut-offs for the
general population, a BMI of 230 is considered obese instead of a BMI
of >29. The underweight BMI category was also adjusted from <19.8
to <18.5 (see Table 5). The 2009 cut-off changes affect the upper and
lower ends of the weight categories by allowing overweight women to
weigh more before being classified as obese and thin women to weigh
less before being classified as underweight. With each BMI cut-off,
different pregnancy weight goals apply.

Table 5. PREPREGNANT BMI CATEGORIES AND CUT-OFFS WITH RECOMMENDED

WEIGHT GAIN (30)

2009 Recommended Total Rate of Weight Gain (Ib/wk)

Weight Category | IOM BMI Weight Gain Ranges 2nd & 3rd Trimester
Underweight <185 28 - 40 Ibs 1-1.31Ibs
Normal 18.5-24.9 25 -35Ibs 0.8-11bs
Overweight 25.0-29.9 15 - 25 Ibs 0.6 Ibs
Obese > 30.0 11 - 20 Ibs 0.5 Ibs.

There are currently no specific IOM BMI cut-offs for women with
diabetes. Health care providers are encouraged to give women
individualized recommendations on their weight gain in pregnancy and
reduction of their body fat composition, if appropriate.

In evaluating the woman’s weight gain during pregnancy both total and
rate of weight gain must be considered. For methods to establish and
plot weight and height see Appendix B.

Determining Appropriate Weight Gain Based on Prepregnancy
BMI Categories

There are many publications addressing maternal and fetal
complications in women who exceeded the 1990 IOM weight gain
recommendations. These include a higher risk of primary cesarean
section, preterm delivery, large for gestational age (LGA) infant and
more need for medical therapy to control blood glucose levels (31, 32
33, 34). Lower amounts of gestational weight gain may be more
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appropriate for women with insulin resistance, especially if they are
provided MNT which focuses on optimal nutrient intake and minimal
use of discretionary calories.

The IOM does not have specific weight gain recommendations for
pregnant women with diabetes. However, until further research is
available, weight gain recommendations for women with diabetes in
each BMI category should be in accordance with the 2009 IOM
guidelines (see Table 5).

Women whose weights are at the higher end of the 2009 overweight
BMI category are encouraged to gain toward the lower end of that
recommended weight gain range.

Moderate caloric reduction of 30% of energy needs in obese women
with GDM may improve glycemic control without ketonemia and
reduce weight gain (35). Sustained weight loss is not recommended
during pregnancy. If weight loss is sustained, carefully evaluate food
records for adequacy of the diet and monitor urine ketones. Restricting
usual caloric intake by 30-33% in obese pregnant women has been
demonstrated to prevent macrosomia (36, 37).

At the other end of the spectrum, women in the 1990 BMI underweight
category of <19.8 who gained less than the IOM recommendations were
at higher risk for a small for gestational age (SGA) infant (31, 38, 39).
There is a possibility that thin women with BMI 18.5 to 19.7 will not be
encouraged to gain the full 28-40 1bs now that underweight is defined as
BMI <18.5. It is very important for pregravid underweight women to
gain 28-40 lbs to prevent growth restriction of the infant.

As more data about population-specific BMI cut-offs and risk factors
become available, population-specific BMI cut-off points may need to
be reconsidered for determining a weight category. The WHO suggests
lower BMI cut-off points be added as points of public health action for
Asians (27). Several Asian subgroups have been identified as
particularly at risk for GDM (40). Asian American ethnicity is
recognized by the American Diabetes Association (41) and CDAPP as a
risk factor for GDM. The WHO BMI cut-off points for Asian
populations suggest an overweight category at BMI 23-27.4 and obese
category at > 27.5. It may be prudent in developing individualized
weight gain recommendations with a woman of Asian background to
suggest that this woman gain at the lower end of the weight gain
recommendation for their weight category.

In a prospective study of over 1000 mother-child pairs utilizing the
1990 IOM Guidelines, researchers found that mothers with excessive
gestational weight gain, independent of maternal BMI and maternal
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glucose tolerance, had children with more adiposity at 3 years of age.
They concluded that efforts to moderate weight gain during pregnancy
may help to stem the rising tide of childhood obesity (42).

With the epidemic of obesity in this country, the risk of retaining extra
pounds gained during pregnancy, and with increasing insulin resistance
associated with gaining extra pounds, it seems prudent to avoid any
extra weight gain in women with diabetes. CDAPP Sweet Success
programs encourage regular physical activity which is associated with
reduced risk for excessive gestational weight gain (39).

Monitoring Weight Gain

Use the appropriate weight gain grid to monitor weight gain (see
Appendix C). Follow the pattern of weight gain every two to four
weeks and make changes in the exercise and MNT plan accordingly. If
weight gain is inappropriate, consider causative factors such as lifestyle
and possibly psychosocial and/or medical issues. Discuss these factors
with the other team members and adjust the diet, exercise or medication
plan as necessary.

Excess Weight Gain

Excess weight gain is defined as a gain of 6.5 pounds (3 kilograms) or
more per month for all women who are not underweight at the time of
conception. In a normal prepregnancy weight woman with excessive
weight gain during pregnancy, a slower rate of weight gain may be
recommended. The rate of weight gain may slow down when the
kilocalorie level is adjusted to meet actual needs. Factors that may
cause excess weight gain are high kilocalorie intake relative to actual
needs, decreased physical activity, or fluid retention. Consuming
excessive amounts of salt can also contribute to fluid retention and
undesirable weight gain. The meal plan should be carefully reevaluated
for all nutrients as well as kilocalories (25).

Rapid weight gain in the second and third trimesters, accompanied by
edema, may indicate the onset of pregnancy-induced hypertension or
preeclampsia. In some cases, a woman may experience polyhydramnios
(excess amniotic fluid production). Either of these may result in an
increase in weight unrelated to an excess intake of kilocalories. Blood
pressure evaluations and checking a urine dipstick for the presence of
protein can be used to help identify the need for special tests and
medical intervention.
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Inadequate Weight Gain

Slower weight gain may occur due to improved diet as a result of
nutrition counseling. Inadequate weight gain is defined as a gain of less
than 0.5 pounds (0.23 kilograms) per week or less than 2 pounds (0.9
kilograms) per month during the second and third trimester. Slower
than expected weight gain may be adequate if the woman is in the obese
category at the time of conception or has already gained excess weight
(25).

Weight loss can occur for a number of reasons, including the woman's
fear of increasing blood glucose levels by eating, psychosocial issues
influencing the ability to eat, or lack of access to an adequate food
supply. A review of food and blood glucose records can often provide
clues to the cause of weight loss or inadequate gain.

Initial weight loss may represent a diuresis due to a decrease in
carbohydrate intake (43). This fluid loss is often seen in a woman with
GDM and could be due to a shifting of the balance of carbohydrates and
protein in the meal plan or to the elimination of extra calories following
CDAPP Sweet Success nutrition counseling.

To assess the effectiveness of MNT, monitor weight gain carefully for
the first few weeks after MNT has begun. Weight should begin to
increase once the fluid shifts have subsided within 1-2 weeks of MNT.
By the second follow-up visit, appropriate weight gain or weight
maintenance should be established. If weight loss continues or urine
ketones are persistently present, review the food diary, and consider
increasing kilocalorie and/or carbohydrate intake. If the increased
kilocalorie and carbohydrate intake results in hyperglycemia, initiation
of medication management may be necessary.

Multiple Gestation Weight Gain

Optimal maternal weight gain for twin pregnancies is higher than that
for singletons (30). BMI-specific weight gain recommendations have
been proposed by the Institute of Medicine (30) and Luke, et al (44).
The Institute of Medicine notes that the sample size for underweight
(BMI <18.5) was insufficient to make a recommendation (30). In a
large, retrospective analysis, women who gained 45-65 pounds had
improved birthweights. Research regarding outcomes for twin
pregnancies demonstrates that women who have met recommended
weight gain goals have optimal fetal growth and birth weights (44). In
addition, the timing of weight gain is important: appropriate weight gain
prior to 28 weeks of pregnancy strongly contributes to birth weight (44).
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Few studies are available for maternal weight gain during triplet
pregnanies. In one study of 194 triplet pregnancies, maternal weight
gains of <36 pounds by 24 weeks gestation resulted in lower birth
weights for women with (BMI <19.8 and women with BMI 19.8 - 26
(45). See Table 6 for weight gain recommendations found in the
literature for twin gestations.

Table 6. RECOMMENDED WEIGHT GAIN DURING TWIN PREGNANCY
2009 Rate of Weight Gain
Weight Category Institute of Medicine (Ib/wk after 20 wks)
Pregravid BMI Weight Gain
Recommend.
Underweight No recommendation 1.75 Ibs
Normal weight 18.5-24.9 37 -541b 1.5 Ibs
Overweight 25-29.9 31-501b No recommendation
Obese =30 25-421b No recommendation
NUTRITION NEEDS Nutrition recommendations during the preconception period for women
FOR PRECONCEPTION with type 1 diabetes or type 2 diabetes are based on the American
AND PREGNANCY Diabetes Association guidelines. During this time, it is important to

develop a meal plan that meets the nutrition guidelines for diabetes in
early pregnancy so that only minor dietary adjustments are needed
during the first trimester (14). The goal is also to emphasize the
importance of healthy food choices for a lifetime. Nutrient and dietary
care guidelines for preconception and pregnancy for the woman with
diabetes can be found in Table 7.
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Table 7. DIETARY CARE GUIDELINES FOR PRECONCEPTION AND PREGNANCY

Kilocalories Preconception: Provide adequate kilocalories for attaining a healthy weight
before pregnancy. Prior to conception provide adequate kilocalories for weight
maintenance. The equation for calculating the estimated energy requirement
(EER) for normal weight women is depicted in Table 2.

Pregnancy: Prepregnant BMI, maternal age, rate of weight gain, physiological
growth spurt and appetite must be considered in tailoring the caloric
recommendation to the individual. The Daily Food Choices for Pregnant
Women (46) is a guide for recommended amounts of food for pregnant women
and may not be suitable for all individuals. Strong scientific evidence suggests
that the energy cost of pregnancy is less than previous theoretical estimations
(47). Energy estimates must be individualized based on a nutrition
assessment, physical activity and weight gain patterns in pregnancy.

Protein Preconception: The Recommended Daily Allowance (RDA) is 0.8g/kg/day
Pregnancy: Requirements do not increase until the second half of pregnancy to
1.1 g/kg (or an additional 25 g/day). The pregnancy RDA for protein is 71 g/day
(24).

Carbohydrate | Preconception: The contributions of CHO to energy intake should be individualized
based on nutrition assessment, metabolic profiles, and treatment goals.
Pregnancy: The RDA is a minimum of 175g CHO/day (24).

Fat Preconception and Pregnancy: Less than 7% of energy intake should be
derived from saturated fats and <1% trans fats (48). Polyunsaturated fat intake
should be ~ 10% of energy intake. The rest of fat intake should come from
monounsaturated fat. Pregnant women should consume 2 - 3 servings of DHA
rich foods weekly to meet the suggested intake of 200 - 300 mg/day. See
Appendix D.

Nonnutritive Preconception and Pregnancy: Consumption of acesulfame potassium,
Sweeteners aspartame, saccharin, sucralose, and neotame within acceptable daily intakes
(ADI) is safe during pregnancy (49). Stevia-derived sweeteners, including
stevia glycosides and rebaudioside A (Reb A), are on the Generally Recognized
as Safe (GRAS) list (30) and are therefore considered safe when used in
moderate amounts during pregnancy. However, there is insufficient evidence to
use stevia in its whole herb form during pregnancy, such as herbal tea,
supplements, or crude extracts according to Natural Medicines Comprehensive
Database (50).

Fiber Preconception and Pregnancy: Adequate Intake (Al) of total fiber for women
under 50 years is 25 g/day (24). For pregnancy the Al is 28g/day and for
lactation 29g/day. A high quantity of fiber in the diet (25g/1000Kcal) slows
gastric emptying time and results in a significant reduction in postprandial
serum glucose and insulin levels (51) Fiber also is effective for relief of
constipation as long as it is coupled with adequate fluid intake.

Sodium Preconception and Pregnancy: Al for women under 50 years is 1.5 g/day.
Sodium is not routinely restricted in pregnancy and restriction has not been
proven effective in preventing or delaying preeclampsia. Tolerable Upper Intake
Level (UL) is 2.3 g/day (52).
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Table 7. DIETARY CARE GUIDELINES FOR PRECONCEPTION AND PREGNANCY,
continued

Folic Acid

Preconception: RDA recommendation is that all women of child bearing age
should consume 400 mcg/day of synthetic folic acid from fortified foods,
supplements or both, in addition to consuming folate from food in a varied diet
(53). If a woman is not consuming folic acid, supplementation should start at
least one month prior to conception. Women with a history of neural tube
defects should increase their daily supplement to 4 mg/day one month prior to
conception and through the first three months of pregnancy (54, 55).
Pregnancy: RDA recommendation is that women should consume 600
mcg/day of dietary folate equivalents (53). Most prenatal supplements have at
least 600 mcg of folic acid, an amount that will assist pregnant women in
reaching the RDA recommendation.

Iron, Zinc,
Copper

Preconception: RDA for iron is 18 mg/day.

Pregnancy: RDA for iron is 27 mg/day. A low-dose iron supplement
(30mg/day) is recommended beginning at the first prenatal visit. When a low
Hgb or Hct is confirmed by a repeat test, an oral dose of 60-120mg of iron/day
should be prescribed (54). For women taking supplements >30 mg/day of iron,
15 mg of zinc and 2 mg of copper as supplements are recommended (56).
These amounts are found in many prenatal vitamin-mineral supplements.

Calcium

Preconception: RDA for ages 14 - 18 years is 1300 mg/day; ages 19 - 50
years is 1000mg/day; and greater than 50 years of age is 1200 mg/day.
Pregnancy: UL is 3000 mg/day for ages 14 - 18 years; 2500 mg/day for ages
19 - 50 years ; and 2000 mg/day for greater than 50 years of age (57).

Magnesium

Preconception: RDA for ages 14 - 18 years is 360 mg; ages 19 - 30 years is
310 mg; and ages 31 - 50 is 320 mg (58).

Pregnancy: RDA for ages 14 - 18 years is 400 mg; ages 19 - 30 years is 350
mg; and ages 31 - 50 is 360 mg. UL for added Mg is 350 mg (58).

Vitamin D

Preconception: RDA is 600 IU (15 mcg)/day and UL is 4000 IU (100 mcg)/day
(57).
Pregnancy: Same as preconception above.

Multivitamin
and Mineral
Supplements

Pregnancy: Multivitamin/mineral supplements are recommended for women
with multiple gestations, iron deficiency anemia, poor quality diets, and vegan
diets. Supplements are also recommended for women who smoke or use or
abuse alcohol or drugs. Avoid excessive supplementation of Vitamin A (47).
Vegans need to supplement their diet with 600 IU Vitamin D and 2.0 mcg
Vitamin B12.

Herbal &
Botanical
Supplements

Pregnancy: Pregnant women should be advised to consider herbal treatments
as suspect until their safety during pregnancy can be ascertained. Limit herbal
teas (59). To keep abreast of new information consult The Academy of Nutrition
and Dietetics and go to the American Pregnancy web site (59, 60).

Alcohol

Preconception: Avoid if planning pregnancy. May reduce fertility (61).
Pregnancy: No alcohol. A safe level of alcohol intake has not been established
for any stage during pregnancy.
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Table 7. DIETARY CARE GUIDELINES FOR PRECONCEPTION AND PREGNANCY,
continued

Caffeine Preconception: Some evidence suggests high levels (> 500mg/day) may delay

conception (62).

Pregnancy: Some adverse effects on pregnancy outcomes have been linked to

high caffeine intakes. Prudent advice would be to discourage >200 mg

caffeine/day (i.e. limit to two 6 ounce cups of coffee/day) (63).

Twin Micronutrient and macronutrient supplementation specific to the physiology of
Gestations twin gestations, and carbohydrate controlled diets are recommended for optimal
twin growth and pregnancy outcome (64, 65).

Acronyms:

ADI - Acceptable Daily Intake - the maximum amount of any substance that can be safely
ingested by human.

Al -  Adequate Intake - A DRI component used where there is inadequate scientific evidence
to establish requirements and reference intakes for a nutrient.

BMI- Body Mass Index

CHO - Carbohydrate

DHA - Docosahexaenoic Acid

DRI - Dietary Reference Intake - Nutrient reference values set by the National Academy of
Sciences

RDA - Recommended Dietary Allowance - the RDA is one of the DRI components used for
assessment of an individual and is not to be used to assess intakes of groups. Usual
intake at or above this level has a low probability of inadequacy.

UL - Tolerable Upper Intake Level

Omega-3 Fatty Acids

Omega-3 fatty acids are important in human nutrition and during the
perinatal period although no recommended Dietary Allowance is
presently set. Omega 3 polyunsaturated fatty acids include
docosahexanoic acid (DHA), elcosapentaenoic acid (EPA), and alpha-
linolenic acid (ALA). ALA is converted into DHA and EPA in animals.
Fish and seafood are the highest sources of DHA and EPA, while leafy
green vegetables, walnuts, flaxseeds and their oils, as well as algae are
the richest sources of ALA. The conversion of ALA to EPA and DHA is
very low in humans, although it improves during pregnancy and is
higher overall in women compared to men. Currently, research
indicates that the actual conversion is influenced predominately by the
absolute amount of ALA and Linoleic Acid (LA) which is an omega-6
fatty acid in the diet, and not by the ratio of LA to ALA (66).

Researchers have shown a positive association between DHA in infants
and improved neural and visual development. Researchers have also
demonstrated that higher intakes of ALA do not increase DHA levels in
pregnant mothers or infants. However, higher intakes of DHA by the
mother do positively influence the DHA levels in their infants via a
transfer from placental circulation and breast milk.
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MEAL PLAN DESIGN

The current recommendation to improve the intake of omega-3 fatty
acids in the perinatal period is for women to consume up to 12 ounces
per week of low-mercury and preferably fatty fish (67).

At www.epa.gov/waterscience/fish/advice, the Environmental Protection
Agency (EPA) recommends “following these three recommendations for
selecting and eating fish or shellfish, women and young children will
receive the benefits of eating fish and shellfish and be confident that
they have reduced their exposure to the harmful effects of mercury.
1. Do not eat Shark, Swordfish, King Mackerel, or Tilefish
because they contain high levels of mercury.
2. Eat up to 12 ounces (2 average meals) a week of a variety of
fish and shellfish that are lower in mercury.

- Five of the most commonly eaten fish that are low in
mercury are shrimp, canned light tuna, salmon, pollock, and
catfish.

- Another commonly eaten fish, albacore (“white”) tuna has
more mercury than canned light tuna. So, when choosing
your two meals of fish and shellfish, you may eat up to 6
ounces (one average meal) of albacore tuna per week.

3. Check local advisories about the safety of fish caught by family
and friends in your local lakes, rivers, and coastal areas.
For California, local advisories can be found at the California
Office of Environmental Health Hazard Assessment (OEHHA),
www.oehha.ca.gov/fish/preg/index.html. OEHHA states that
“women who are pregnant or might become pregnant, nursing
mothers, and young children should consume no more than one
meal per week of locally caught fish, and when no other advice
is available, eat no other fish that week”.

The safety of fish oil supplements is not yet established, and cannot be
routinely recommended during pregnancy (66). Therefore, a food based
approach is recommended to improve the omega-3 fatty acid profiles
during pregnancy. For dietary sources of fatty acids see Appendix D.

Meal Plan Recommendations

Throughout pregnancy, placental hormones and cytokines such as
human placental lactogen, progesterone, prolactin, cortisol, and TNF-a
continue to increase (68). The increasing levels of these hormones and
cytokines cause changes in metabolism and blunts the effectiveness of
insulin to lower blood glucose levels (14, 69). Most pregnant women
with preexisting diabetes or GDM are very sensitive to carbohydrates.
The meal pattern of three meals and 2 to 4 snacks addresses this
sensitivity (35). Carbohydrates are carefully spaced among several
meals and snacks (70). This meal pattern is designed to prevent
episodes of hyperglycemia and to control postprandial blood glucose
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values. The amount and type of carbohydrate within a single meal can
also influence postprandial blood glucose values (71). The meal and
snack pattern may be individualized based on the treatment plan.

The first meal of the day is physiologically the meal where women
show the greatest insulin resistance. Better blood glucose management
may be achieved if carbohydrates are more limited at this meal (72).

To manage the increased carbohydrate sensitivity seen during pregnancy
and achieve euglycemia, carbohydrate intake may be kept at 40 - 45%
of kilocalories per day (43). The the total daily carbohydrate levels and
distribution should be individualized to tolerance and preference. A
suggested initial carbohydrate distribution is depicted in Appendix E.
The minimum carbohydrate level in the second and third trimester of
pregnancy is 175 grams per day (24). If the woman must restrict her
intake below this level in order to achieve glycemic control, insulin or
medication therapy should be considered. It is also important to
mention that careful attention should be given to the nutrient
composition during pregnancy to assure that the diet does not become
unbalanced as emphasis shifts from exchange food groups to counting
carbohydrates.

Factors that affect individual responses to foods (week of gestation,
amount of insulin or glyburide, exercise after the meals, and timing of
meals) need to be considered along with glycemic results from self-
monitoring of blood glucose. These factors are discussed in the
following paragraphs.

Carbohydrate Sources to be Limited

These guidelines may be useful when counseling a woman on the
carbohydrate content in the meal plan. Eating a diet with high glycemic
index food when pregnant with GDM may result in the need for
treatment with insulin (73). The following foods are rapidly absorbed
and can raise the blood glucose more than desired. The initial meal
plan should not contain these items. Their use can be individualized
and needs to be based on a woman's ability to maintain blood glucose
control and weight gain goals, while consuming a nutritionally adequate
prenatal diet.
¢+ Refined sugars such as honey, sugar, molasses, corn sweeteners
and sugary desserts.
«+ Fruit juices, regular sodas, energy drinks, sports drinks, sweetened
coffee drinks, and refined starches such as highly processed
breakfast cereals, instant potatoes, and instant noodles.
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Recommended Carbohydrate Sources

+ Slowly digested carbohydrate sources from the Starch/Bread
exchange group, specifically those that have a low glycemic index
and are high in fiber and less dense are the best choices. These
include old-fashioned oatmeal, whole grain breads, legumes (dried
cooked whole beans, peas, lentils), and pasta.

¢ Fresh fruits are included in limited amounts, with no more than one
exchange per meal or snack. Avoiding fruit at the first meal of the
day may improve post breakfast glycemic control (43).

¢ Fresh vegetables are recommended in liberal amounts, especially
broccoli, spinach, and greens.

« Milk may be included as either 1% fat or fat-free in portion sizes
of 4-8 ounces per meal or snack. Many women find that excluding
milk (lactose) from the breakfast meal improves postprandial
glycemic control.

Breakfast

¢ For most pregnant women with diabetes, insulin resistance is
greater in the morning (74, 75). Therefore, the breakfast
carbohydrate load may need to be restricted to 15 - 30 grams of
carbohydrate (51).

¢+ Fruit juices, fruits, milk, ready-to-eat or instant cereals, bagels,
croissants and rice porridge are usually excluded from the
breakfast meal. Self blood glucose monitoring is recommended
to determine individual tolerance.

Snacks

+ Be aware that having both fruit and milk for the same snack may
lead to between meal hyperglycemia that goes unchecked.

+ Allow a 2-3 hour interval between meals and snacks (except for
someone who is on glyburide). Snacks should contain a lower
amount of carbohydrate than lunch and dinner.

% A bedtime snack of 7 grams of protein and 15-30 grams of
carbohydrate is recommended for women to prevent starvation
ketosis and potential middle of the night hypoglycemia, especially
for women on glucose-lowering medication (76).

% Allow no more than 10 hours between bedtime snack and breakfast
the following morning (72).

+¢ Inclusion of protein in the snack increases satiety.

Women taking rapid acting insulin to cover a higher carbohydrate
breakfast may notice that they experience low blood glucose levels in
the mid-morning as the morning insulin resistance wears off and the
residual rapid acting insulin continues to work. Mid-morning
carbohydrate snacks may prevent this occurrence. For women using
insulin pump therapy, it will be necessary to cover snacks with an
insulin bolus based on the carbohydrate content of the snack. A period
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of frequent blood glucose monitoring is recommended to determine
insulin to carbohydrate ratios for these snacks. As long as the diet is
adequate, women using insulin pump therapy may be allowed increased
flexibility regarding inclusion or exclusion of snacks.

Glycemic Index in the Management and Prevention of Diabetes

The glycemic index (GI) is a ranking system for carbohydrates based on
their effect on blood glucose levels in the first two hours. It compares
carbohydrates, gram for gram, in individual foods, to provide a
numerical index of postprandial (post-meal) glycemia. Carbohydrates
that break down rapidly during digestion have the highest glycemic
indices. Carbohydrates that break down slowly, releasing glucose
gradually into the blood stream, have a low glycemic index.

The use of low-glycemic index diets for the management of diabetes is
controversial. The findings of randomized controlled trials have been
mixed: some studies have shown statistically significant improvements,
whereas other studies have not (77, 78, 79).

The European Association for the Study of Diabetes recommends the
substitution of low-GI foods. However, the American Diabetes
Association (ADA) asserts that there is not sufficient evidence of long-
term benefit to recommend their use as a primary strategy, but does
acknowledge that use of low-GI foods may reduce postprandial
hyperglycemia. The ADA 2007 Clinical Practice Recommendations
state that, “For individuals with diabetes the use of the glycemic index
and glycemic load may provide a modest additional benefit for
glycemic control over that observed when total carbohydrate is
considered alone” (35).

The glycemic load (GL) is a ranking system for carbohydrate content in
food portions based on their GI and the portion size. Glycemic load is
calculated by multiplying the GI by the amount of available
carbohydrate (grams of carbohydrate not including fiber) provided by a
food and dividing by 100 (80).

GL = GI x grams of available carbohydrate
100

In addition to using the individualized meal plan for a woman with
diabetes, it may then be prudent to advise her to use her own blood
glucose results to determine the effect of various foods on her own
blood glucose levels and make modifications in her diet as necessary.
See Appendix F for GI and GL values of selected foods.
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USE OF DIABETES
MEDICATIONS

Women Using Insulin

Meal plan recommendations for women with type 1 diabetes are based
on the type of insulin therapy used. For women using insulin-to-
carbohydrate ratios, premeal and postmeal blood glucose monitoring
will be necessary for adjusting these ratios as pregnancy progresses. A
thorough understanding of carbohydrate counting is essential when
using insulin-to-carbohydrate ratios. The insulin-to-carbohydrate ratio
may be different at the breakfast meal due to the increased insulin
resistance at this time. For example, the breakfast ratio may be 1 unit
of insulin to 10 grams carbohydrate whereas the lunch and dinner ratio
is 1 unit of insulin to 15 grams carbohydrate.

For a woman using multiple daily injections or intensive forms of
insulin therapy, such as an insulin infusion pump, insulin-to-
carbohydrate ratios can be calculated to allow flexibility in carbohydrate
intake without sacrificing the tight glycemic control needed during
pregnancy. See Preexisting Diabetes: Medical Management and

Education (Ch 3) for more information regarding insulin resistance and
duration of insulin action.

Glyburide and Meal Planning

Since the landmark study of Langer et al, (81) glyburide use during
pregnancy has become more widespread. Glyburide is a second
generation sulfonylurea with a long half life, and consequent high risk
for hypoglycemia. Due to its slow rate of absorption and onset of
action, glyburide may not restore first phase insulin release when
initially prescribed (82). As a result, postprandial blood sugars after
breakfast may continue to be elevated, and hypoglycemia may occur
before lunch unless a snack is introduced on time. Clinicians have
reported that the optimal snack time may be as early as 1.5 hours after
the initiation of breakfast. Patients who have been prescribed pre-
breakfast glyburide need to be educated about the potential for
midmorning hypoglycemia. Similarly, with bedtime dosing of
glyburide, it is imperative to recommend a bedtime snack to avoid
overnight hypoglycemia.

In summary, with the initiation of glyburide, patients need to strictly
adhere to a 3 meal, 3-4 snack meal plan in order to avoid hypoglycemia.
See Appendix G for sample snacks.

Metformin

Using metformin along with diet and exercise does not pose a risk for
hypoglycemia. The basic GDM meal plan can be used.
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NUTRITION A woman who plans to be, or is, pregnant and has diabetes may need

EDUCATION guidance on specific nutrition issues based on the type of diabetes she

has, her current knowledge about nutrition and diabetes, and her
specific concerns during pregnancy (83). Education should include the
following issues as appropriate:

«» Rationale for the meal plan includes achieving a preconception
weight goal and optimal nutrient intake, maintaining
normoglycemia and optimal nutrient intake throughout pregnancy,
and attaining appropriate weight gain in each trimester

¢ Spacing of meals and snacks to avoid hypoglycemia and
hyperglycemia

+ Limitation of foods with high glycemic index such as highly
processed breakfast cereals, fruit juices and instant starch products
(instant potatoes and instant noodles)

¢ Utilization of self-monitoring of blood glucose (SMBG) and food
records to problem solve and/or identify blood glucose excursions
related to food intake.

% The need for insulin, glyburide, or metformin and adjustments to
their dosages

¢ The role and timing of exercise to improve blood glucose levels

% Different methods of carbohydrate counting and meal plan
flexibility

¢ Use of sugar substitutes

¢ Use of herbs

¢ The way to read food labels and grocery shopping guidelines

« Appropriate treatment and prevention of hypoglycemia

*¢ Menu ideas and restaurant ordering skills (asking for substitutions,
salad dressing on the side, etc.)

«» Ways to handle sick days, hyperemesis, and carbohydrate
replacement if on glyburide or insulin therapy

¢ Long term healthy eating habits to avoid type 2 diabetes or its
complications

Education Materials

For access to nutrition education materials, please refer to the CDAPP
Sweet Success Resource and Training Center website:

http:\\www.CDAPPSweetSuccess.org

GESTATIONAL Currently the International Association of Diabetes and Pregnancy
DIABETES MELLITUS Study Groups (IADPSG) recommends using a 75 gram 2 hour Oral
Glucose Tolerance Test (OGTT) to test for gestational diabetes (84).
Based on the previously recommended 3 hour OGTT, a study by Langer
and colleagues (85) showed that women with one abnormal OGTT
value who did not receive treatment had higher incidence of metabolic
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complications and larger infants. The women who received treatment
had significantly better neonatal outcomes. In addition, rates of
preeclampsia and caesarean sections were also higher in women with
one abnormal glucose value (86, 87). Therefore, it is clear that women
with one abnormal glucose value during pregnancy should be treated
similarly to women with GDM.

Research has shown that MNT is the primary intervention in the
management of GDM (1). Similarly, the Academy of Nutrition and
Dietetics nutrition practice guidelines for GDM utilized by registered
dietitians in obstetric clinics resulted in improved prenatal outcomes (2).

The blood glucose goals are the same for a woman with GDM, as for a
pregnant woman with preexisting diabetes. Some women will be able
to achieve these goals through medical nutrition therapy and exercise
while others will need MNT and exercise plus insulin, glyburide or
metformin. Self-monitoring of blood glucose levels is essential in this
group of women to demonstrate continued maintenance of
normoglycemia as the pregnancy progresses.

OPTIMIZING Here are some summary points from the previous discussion to help

GLYCEMIC CONTROL with maximizing optimal glycemic control.

+ Emphasize a consistent schedule of daily meals and snacks. For a
woman with preexisting diabetes, it would be beneficial to help her
develop eating habits that can be carried over into pregnancy so
that only minimal diet adjustment is required during the first
trimester. As pregnancy progresses, add incremental kilocalories,
as needed, to maintain optimum weight gain.

¢ Suggest that the woman distribute food intake over three meals and
several snacks for prevention of hypoglycemia (especially for
women taking glyburide or multiple daily injections of insulin).

+« If a woman is using insulin or glyburide, ask her to keep her
carbohyrdate intake consistent in order to establish the correct
insulin or glyburide dose needed. Daily food records plus pre and
post meal blood glucose values are very useful for evaluating how
to adjust insulin or glyburide and/or meals.

¢ Identify individual glycemic responses to foods by reviewing the
woman's daily food records. Synchronize food intake with insulin
or glyburide action, exercise and other variables.

« Determine the cause of aberrant blood glucose values which can be
due to changes in food intake (extra carbohydrate, snacks too close
to meals, skipped snacks) exercise, insulin or glyburide, or illness.
Other variables such as increased pregnancy hormone levels could
explain gradually increasing blood glucose levels.

¢ Share recommendations with the health care team regarding
changes in the MNT plan that may affect the dosage of insulin or
glyburide, or the need to initiate insulin or glyburide therapy.
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¢ Help the woman with preexisting diabetes, especially a woman
with type 1 diabetes, develop a plan for using carbohydrate-to-
insulin ratios so insulin can be adjusted to the diet (88). This

involves more intensive education about carbohydrate counting and
nutrient management provided by the RD and other members of the

health care team.

EVALUATION OF Evaluation of the MNT goals should be reviewed and adjusted at least
MEDICAL NUTRITION once a month after the meal plan is in place according to the parameters
THERAPY GOALS found in Table 8. Glucose intolerance worsens as pregnancy progresses

due to increased hormone production. The RD should reassess the
woman's adherence to her meal and exercise plan as well as other

nutrition related issues. If review of food records indicates adherence to

the meal plan and if glucose intolerance continues, the RD should
collaborate with the health care team regarding initiating or adjusting
insulin, glyburide or metformin.

Table 8. OUTCOME GOALS FOR DIABETES AND PREGNANCY (25, 43)

Outcome

Process

Adequate nutrient intake

Review food records for adequate nutrient intake to meet the

Daily Reference Intakes (DRI) (formerly RDA). The
California MyPlate for Gestational Diabetes can be used to
educate patients regarding sufficient nutrient intake. Refer

to Appendix H.

Appropriate weight gain

Check weight and plot on a grid. Address excess or
inadequate weight gain by reviewing food records to
estimate amount of kilocalories. Adjust meal plan as
needed.

Blood glucose in target range

Review blood glucose records and food records to identify
reasons for elevated blood glucose levels after meals.
Assess the woman's ability to follow her meal plan and
make appropriate food choices. Assess whether insulin
orders need to be requested.

Limit episodes of
hypoglycemia in women
requiring insulin

Review prevention and treatment of hypoglycemia. Assess
woman’s ability to identify reasons for hypoglycemic
episodes and ability to prevent re-occurence (i.e. skipped
meal or snack, excessive insulin dose, or extra exercise).

Pregnant women with diabetes may have complicating conditions that
require specialized nutrition assessments (i.e. renal disease, eating
disorders). These women should be referred to a RD specializing in
these areas of dietetics and who will work in conjunction with the RD
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SPECIAL NUTRITION
ISSUES IN DIABETES
AND PREGNANCY

Dyslipidemia

Women with GDM and type 2 diabetes often have dyslipidemia and a
high risk for cardiovascular disease (CVD). In general, limiting total fat
is a good recommendation for persons at high risk for CVD. Limiting
total fat may not be best for patients with high triglycerides and/or low
High Density Lipoprotein (HDL). Therefore, a diet lower in
carbohydrates and higher in monounsaturated fats is recommended (89).
Additionally, limiting saturated fats to no more than 7% and trans fats to
no more than 1% of the total fat intake is helpful in controlling
dyslipidemia (90).

Chronic Hypertension

Although no evidence exists regarding the effectiveness of diet
modifications to prevent preeclampsia, dietary modifications have been
shown to lower blood pressure in the nonpregnant state (91). For
women previously identified with chronic hypertension, it would seem
prudent to incorporate the nutrition principles that have been recognized
to lower blood pressure. The Dietary Approaches to Stop Hypertension
(DASH) study demonstrated a decrease in diastolic and systolic blood
pressures within a week of making dietary changes. The DASH diet
averages 6 servings of grains, 4 servings of fruits, 4 servings of
vegetables and 2-3 servings of low fat dairy foods daily. Fish, poultry
and nuts were also included; red meat, sweets and sugar-sweetened
drinks were limited (92).

Post Bariatric Surgery

Nutrition considerations related to pregnancy after bariatric surgery are
directly related to the type of bariatric surgery performed. Types of
bariatric surgery fall into two main classifications: restrictive surgery
and malabsorptive surgery.

Restrictive bariatric surgery slows the emptying time of the stomach
portion of the gastrointestinal tract and may reduce the size of the
stomach. Two common forms are adjustable gastric banding (AGB),
also known as lap band, and vertical banded gastroplasty (VBG). AGB
creates a small pouch of stomach that holds approximately 1 ounce of
food. A constrictive hollow band is placed at the low end of the small
pouch and is inflated with saline solution. Patients can usually eat up to
¥, cup of food before they begin to feel full. The VBG works in a
similar manner; however, a combination of a hollow band and staples is
used to achieve the same result.

Two common malabsorptive surgeries are Roux-en-Y gastric bypass
(RGB) and biliopancreatic diversion (BPD). These surgeries bypass all
or part of the small intestine resulting in food restriction and
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malabsorption. Not only is the volume of food and nutrients reduced
but so is the absorption of important protein, vitamins and minerals.
There is a higher risk of nutritional deficiencies with malabsorptive
bariatric procedures.

+ Planning Pregnancy after Bariatric Surgery
Approximately 83% of bariatric surgery patients are women and
many are of childbearing age. Pregnancy after bariatric surgery
should not be attempted until weight loss and nutritional intake
have been stabilized. Therefore, it is highly recommended that
women who have had bariatric surgery wait at least 18 months
before attempting pregnancy (93). Foods that can be difficult to
tolerate during the year post surgery include fruits, vegetables and
protein source foods, all of which are essential for a healthy
pregnancy.

Although future studies are warranted, one study by Sheiner, et al
has found bariatric surgery in patients with gestational diabetes was
not associated with adverse perinatal outcomes (94). However,
standard testing for gestational diabetes can become problematic
for some pregnant women after bariatric surgery. A glucose
tolerance test can bring on symptoms of dumping syndrome with
nausea, abdominal cramps, diarrhea, and heart palpitations. It is
recommended to perform self glucose monitoring with
individualized MNT and not use the Glucose Tolerance Test.

Women who have had bariatric surgery and are considering
pregnancy should ideally have preconception nutritional
assessment and counseling. Laboratory data will assist in this
assessment and if there are deficiencies they are best corrected
early in the pregnancy. Ideally, the time to correct nutritional
problems is preconception, making pregnancy planning the most
sensible approach. Those who have had bariatric surgery should
already be taking a multivitamin, preferably in a liquid or chewable
form, to enhance absorption and avoid obstruction. Prenatal
vitamins should be given in addition to the women’s usually
prescribed vitamin and mineral supplementation and not instead of
that supplementation. Post stabilization, patients can usually ingest
as little as 1200 kcal/day. Therefore, wise selection of protein,
carbohydrates and healthy fats is imperative. Vitamins and
minerals of particular importance during pregnancy after bariatric
surgery are (95, 96):
¢ Calcium: Post bariatric women many require 1,200-1,500mg
of calcium to meet personal skeletal needs and needs for
mineralization of the fetal skeleton. Calcium citrate with
Vitamin D is the optimal form of calcium for bariatric patients
since it does not require an acidic environment for metabolism
to take place (95, 96).
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¢

Folic Acid: Adequate folate absorption becomes a matter of
concern for post bariatric surgery. Foods high in folic acid such
as lentils, asparagus, spinach, broccoli, peanuts, orange juice,
enriched breads and cereals may not be well tolerated and also
many bypass the duodenum. Serum blood levels should be
measured to verify this nutritional need is being met (95, 96).
Homocysteine may be the most sensitive markerof folic acid
status in conjunction with erythrocyte folate (97).
Supplementation of 800 - 1000 mcg/day folic acid will treat
and/or prevent a deficiency. Greater than 1000 mcg/day is not
recommended unless there is a medical indictation, such as
having a past pregnancy with a baby with a neural tube defect.

Iron: Malabsorption and decreased nutritional intake may also
cause iron deficiency post surgery. Iron in the form of ferrous
fumerate, at a dose of 40 to 64 mg, is best tolerated because the
iron has already been broken down from the ferric state making
absorption more effective. Restrictive bariatric surgery patients
may not require as much iron supplementation, but periodic
hemoglobin levels should be taken to verify sufficiency (95,
96).

Vitamin B12: Vitamin B12 absorption is greatly affected by
the malabsorptive form of bariatric surgery due to lack of
intrinsic factor. Deficiencies may result in elevated serum
homocysteine levels that are related to early pregnancy loss.
Women should be encouraged to take 500 mcg of Vitamin B12
daily in the crystalline form. Serum cobalamin levels should be
periodically drawn to ensure Vitamin B12 intake is sufficient
(98).

¢ General Guidelines for Post Bariatric Surgery
There are no standardized nutritional guidelines for bariatric
surgery (99). However, here are some recommended general
guidelines that pertain to pregnant women who have had bariatric

surgery.

*

Protein should be preferentially eaten before fats and
carbohydrates, ideally in the amount of 60-80 grams of protein
per day.

Each meal should take 20-30 minutes to eat, to avoid bolus
eating and to allow the feeling of satiety to occur.

Food should be well chewed and should be eaten in small
volumes.

Liquids should be avoided during meals. Ingest liquids 30-60
minutes before or after meals.

Drink only sugar free, caffeine-free or decaffeinated, non-
carbonated beverages.

¢ Eat three to six small meals per day.
¢ Avoid chewing gum, as an obstruction can occur if swallowed.
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Ketosis

Ketones in the urine may be the result of inadequate kilocalorie and/or
carbohydrate intake or over-exercising. This occasionally occurs when
the woman restricts foods to control blood glucose levels in order to
avoid the use of glyburide or insulin therapy. Other reasons for the
presence of urine ketones might be a misunderstanding of the meal plan
pattern, carbohydrate food choices, and/or inappropriate portion sizes.
Checking the fasting urine for ketones is a rapid method for the RD to
assess whether the woman is knowingly or unknowingly restricting her
intake of kilocalories and/or carbohydrate (35).

In normal pregnancy, ketones will be present in the urine after a 14-hour
fast. This state is referred to as ketosis. The goal is for the fasting
urinary ketone levels to be none or trace. If moderate or large amounts
of urine ketones are found, the RD needs to refer the patient for medical
management.

In the case of gestational diabetes, urine ketone testing is not routinely
recommended unless there is persistent weight loss or a particular need
to identify whether the woman is consuming adequate kilocalories
and/or carbohydrates (100).

Ketone testing is recommended in women with type 1 diabetes who are
poorly controlled or newly diagnosed. Stress hormones or illness will
aggravate insulin resistance. Diabetic ketoacidosis (DKA) (101)
consists of the biochemical triad of hyperglycemia, ketonemia and
acidemia, and can occur with blood glucose levels as low as 180 to
200mg/dl in pregnancy. DKA in pregnancy is usually associated with
type 1 diabetes but there have been cases of DKA diagnosed in women
with GDM as well (102, 103 104). DKA is a medical emergency, one
of the most serious acute complications of diabetes. Any suspicion of
DKA should be referred to the healthcare provider immediately. Refer
to the Medical Management and Education for Preexisting Diabetes

During Pregnancy Chapter (Ch 3) for more information.

Sick Day Nutrition Management

Any woman with diabetes who becomes ill during pregnancy, and
especially one using glyburide or insulin, needs to be instructed on
substituting easily digested carbohydrate foods as a replacement for the
carbohydrates in her prescribed meal plan. Sick day nutrition
management instructions for the pregnant woman who requires
glyburide or insulin therapy are:
+«» Continue consumption of regularly scheduled meal plan and drink
plenty of fluid if tolerable (105).
+ If unable to follow the regularly scheduled meal plan, eat or drink
to stay hydrated and maintain euglycemia. Include small amounts
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of carbohydrate containing foods or liquids as tolerated to equal 15
grams of carbohydrate every 2 to 3 hours. Tolerated foods often
include: 6 saltine crackers, 1 slice of toast, 2/3 cup chicken noodle
soup, 1/2 cup serving of regular gelatin, applesauce, juice, custard,
pudding, ice cream, sherbet, frozen yogurt or regular soda.

« If vomiting, diarrhea or fever is present, add sugar-free and
caffeine-free liquids to the tolerated foods to prevent dehydration.
Examples of these liquid choices are: water, sugar-free Kool-Aid,
Crystal Light, and caffeine-free/sugar-free tea or soda. A sodium-
rich choice such as bouillon can be substituted for this liquid every
third hour.

¢ Blood sugar levels need to be checked more often (at least every 2-
4 hours).

« Women with type 1 diabetes may be advised to test for urine
ketones every 4 hours or until negative (106).

¢ Contact the health care provider if: unable to retain food or liquids
for 1/2 hour in a 2 hour period, temperature > 100°F, blood glucose
values are elevated above 180-200 mg/dL for more than 4 hours
(103, 107), or urine ketones are moderate to large or blood ketones
are >0.6 mmol/L (106).

¢ Insulin therapy should continue but insulin doses often need to be
adjusted during this time.

¢ If a woman is on glyburide or insulin therapy, contact the health
care team when ill for more than one day. Insulin therapy should
continue and insulin doses often need to be adjusted during this
time.

POSTPARTUM Postpartum Nutritional Issues for Women with GDM
NUTRITION ISSUES
Five to 10 percent of women who have had GDM will develop type 2
diabetes right after pregnancy. Women who have had GDM have a 20
to 50 percent chance of developing diabetes in the 5 to 10 years after
the pregnancy (43, 108).

The children of women with a history of GDM are also at an increased
risk for obesity and diabetes (109).

Type 2 diabetes may be prevented through lifestyle changes. In the
Diabetes Prevention Program, study participants lost 5 to 7 percent of
their body weight by following a low-fat, low-calorie meal plan and
doing 150 minutes of moderate physical activity each week. The study
participants, which included several hundred women with a history of
GDM, were able to reduce their risk for type 2 diabetes by 58 percent
(110). For early detection, it is crucial that women who have had GDM
have an annual screen for diabetes (111).
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Emphasis on the following guidelines may delay or prevent the later
onset of diabetes in this group of high-risk women:
+ Eat a nutritionally balanced diet by including a variety of food
groups in each meal.
¢ Adjust kilocalorie intake to achieve a reasonable body weight.
¢ Include aerobic exercise daily.
+» Limit animal fats, saturated fats, and trans fats in the diet.

For the woman who no longer has diabetes after the birth of her baby,
nutrition guidelines can be based on the Dietary Recommendations for
Americans, MyPlate and the Academy of Nutrition and Dietetics
guidelines. These guidelines encourage inclusion of a variety of foods
and emphasize lower fat and higher fiber intake. A woman's culture and
personal food habits should be taken into consideration to individualize
the recommendations. A postpartum visit offers an opportunity to
counsel the woman on the importance of healthy eating habits and
exercise to lower the risk of developing diabetes.

A woman who had prediabetes prior to pregnancy or gestational
diabetes during pregnancy requires diagnostic testing during the 6
weeks postpartum period to assess whether she has converted to type 2
diabetes. If this has occurred, she will need medical counseling and a
MNT plan.

When Breastfeeding is Not Possible

For postpartum women who cannot breastfeed:
++ Protein intake can be reduced to 0.8 gm/kg (about 46 gm

protein/day)

«» Carbohydrate intake can be reduced to 130 gm/day

+¢+ Tron intake can be reduced to 18 mg/day for women 19-50 years of
age

«+» Calcium intake should remain the same — 1000 mg/day

«+ Calorie restricted diets as low as 1200 kcal/day are acceptable with
a multivitamin mineral supplement

<+ Folic acid supplementation should be continued at 400mcg daily

Preexisting Diabetes

A woman with preexisting type 1 diabetes or type 2 diabetes, regardless
of her choice to breastfeed, needs a MNT plan for postpartum use to
meet nutrition and glycemic goals. It is recommended that the plan
focus on the woman's goals for a healthy lifestyle, such as gradual
weight loss if needed, blood glucose control, and exercise. The
American Diabetes Association nutrition guidelines can be used to help
set postpartum targets and to develop a meal plan that meets required
changes in kilocalories, medication and activity (7, 10). Self-
monitoring of blood glucose can provide feedback to the RD and the

CALIFORNIA DIABETES & PREGNANCY PROGRAM 30



CDAPP GUIDELINES FOR CARE - 2012 MEDICAL NUTRITION THERAPY

woman on how these changes are meeting the MNT. The RD, as part of
the team, should reinforce the importance of planning future
pregnancies and encourage optimal blood glucose control before
conception to reduce the risk of congenital anomalies.

Pre-diabetes

Pre-diabetes is a condition where blood glucose levels are higher than
normal, but not high enough for a diagnosis of diabetes. Perinatal
mortality rate increases with pre-diabetic pregnancies, and this rate
increases steadily until the time of diagnosis of diabetes. Insulin
resistance, coupled with the added burden of pregnancy, leads to the
inability of pancreatic beta cells to maintain glucose homeostasis and
ultimately results in hyperglycemia (112).

The nutrition guidelines for women with pre-diabetes planning
pregnancy are:
¢ Follow a healthy, low fat diet that includes small portions of
starchy foods and more of the high fiber foods.
+» A minimum of 30 minutes of exercise every day
% If overweight, lose at least 5-10% of current weight
+* Maintain A1C values < 6.5%

HEALTHY EATING Postpartum nutrition guidelines for women with diabetes who are
DURING breastfeeding are outlined in this section
LACTATION

Encourage the woman with either preexisting diabetes or GDM to
breastfeed for both the maternal and infant benefits which are outlined

in the Breastfeeding Chapter (Ch 8). Nutrition requirements for a woman
during lactation following a diabetic pregnancy are discussed below.
Whether a woman chooses to breastfeed or not, she will need nutritional
guidance and a MNT plan during the postpartum period to meet her
changing needs (9).

The energy requirements of lactating women are met primarily from the
diet (24) but may also be met by the mobilization of tissue stores. The
average milk production is 0.78 L/d from birth to 6 months and 0.6 L/d
from 7 through 12 months.

Average weight loss during the first six months postpartum is 0.8
kg/month or 170 kcal/day. Milk energy output is estimated at 500
kcal/day in the first 6 months and 400 kcal/day in the second 6 months.

The minimum caloric intake of 1800 kcal/day will usually meet the
requirements for energy during lactation while promoting a weight loss
of 1-2 Ib/month (113). A folic acid supplement with 400 mcg either in
the form of a vitamin pill or fortified cereal is recommended during
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lactation as with all women of child brearing age.

Additional protein is necessary during lactation for conserving skeletal
muscle to maintain adequate milk production. The RDA for protein is
the same for diabetic and non-diabetic women; which is 1.1 g/kg/day or
+25 g/day of additional protein over non-pregnant requirements (24).
This is the same as during the last half of pregnancy.

The requirement for carbohydrate (CHO) is increased during lactation.
Additional CHO is necessary to prevent utilization of the endogenous
proteins for lactose synthesis. The RDA for CHO during lactation is
210 g/day (24).

Table 9 summarizes recommendations for healthy eating while lactating.

Table 9. GENERAL SUGGESTIONS FOR HEALTHY EATING WHILE LACTATING

% Follow the meal plan for pregnancy: three small meals and three or more snacks every day.

< Drink water and other sugar-free, non-caffeine containing beverages to thirst — including,

but not limited to, milk

Choose foods low in fat and high in fiber, such as vegetables, fruits, whole grain cereals or

breads, and beans or legumes

Choose smaller portions and limit second helpings

Choose whole grains instead of white processed grains

Avoid sweetened drinks and juice.

Avoid alcohol

Use low fat and non fat dairy products such as fat free milk, 1% milk, part-skim mozzarella

cheese and non fat yogurt. Choose pasta and sauces without fats or cheese.

¢ Avoid processed food, especially those made from partially hydrogenated oils such as
baked products (cakes, pies, etc.), crackers, and doughnuts.

% Choose lean meats. Limit the amount of lean meats you eat to 3 ounces per meal (size of a
deck of cards.)

» Follow guidelines for fish as mentioned under “Omega-3 Fatty Acids”

Use less oil, margarine, lard, and butter when you cook and add less to foods

Use healthy oils such as canola and olive oil to replace shortening and butter

Measure the fat you use. For example: one teaspoon is equal to 5 grams of fat, one

tablespoon is equal to 15 grams of fat.

Consume one source of 400 mcg of synthetic folic acid daily, in addition to a diet rich in

natural folate.
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Weight Loss to Attain a Normal BMI

Gradual weight loss at the rate of one to two pounds per month
(approximately 1.0 kg per month) appears to be consistent with
maintaining adequate milk volume in a normal weight woman who is
working on losing the extra weight she gained during pregnancy. An
overweight woman can lose up to 4.5 pounds per month (approximately
2 kg per month) without adversely affecting milk volume. Rapid weight
loss greater than 4.5 pounds or 2 kg per month is generally not
recommended for a breastfeeding woman (114). The metabolic cost of
producing human milk is similar to the energy cost of the third trimester
of pregnancy. To ensure adequate nutrition during the early postpartum
period, meal plans should be individualized. Kilocalories should come
from appropriate food choices that have a high nutrient density and be
individualized to meet actual energy needs and weight goals.

Snacks

Since glucose is preferentially shunted towards production of breast
milk, women with diabetes (and especially women with type 1 diabetes)
are more prone to hypoglycemia during lactation. Snacks may be
needed to prevent hypoglycemia in the early postpartum period and
throughout lactation. The woman should be counseled to eat snacks
during or before breastfeeding and before naps to avoid hypoglycemia
(25). Suggested bedtime snack should contain the following:

- Carbohydrate: 1-2 exchanges (15-30 grams)

- Protein: 1-2 exchanges (7-14 grams)

If the infant is night feeding, a snack of 1 carbohydrate exchange (15
grams) can be added. Other snacks may be added if hypoglycemia is a
problem.

Alcoholic Beverages

Because the consumption of alcoholic beverages has been associated
with hypoglycemia, late hyperglycemia, increased insulin response
(115), possible impairment of milk ejection reflex and the baby’s sleep-
wake pattern, avoidance of alcohol for the duration of lactation is
suggested. Alcohol is transferred into breastmilk.

Nonnutritive Sweeteners

The nonnutritive sweeteners saccharin and acesulfame-K cross into
breast milk (113). Aspartame does not cross into the breast milk (11).
The effect of these sweeteners on the infant is unknown. Stevia-derived
sweeteners, including stevia glycosides and rebaudioside A (Reb A), are

CALIFORNIA DIABETES & PREGNANCY PROGRAM 33



CDAPP GUIDELINES FOR CARE - 2012 MEDICAL NUTRITION THERAPY

generally considered safe in pregnancy and lactation when used in
moderation. As with any herbal medications and dietary supplements
that have not yet been approved by the FDA, patients should be
cautious with the use of stevia in its whole herb form in pregnancy and
lactation, especially when taking anti-diabetic and/or anti-hypertensive
drugs (See Table 7). A woman who has phenylketonuria (PKU) or
whose infant has PKU, should not use aspartame as an nonnutritive
sweetener.

Supplements

The Dietary Reference Intake of iron for mothers 18 years or less is 10
mg/day. For mothers 19-50 years, 9 mg/day are recommended (116). If
dietary intake does not meet this recommended level, supplementation
may be necessary. The additional iron found in prenatal supplements is
not recommended during lactation unless a woman is anemic (Hgb 11,
10.5 and 11g/dl for the first, second and third trimesters, respectively).

The Dietary Reference Intake of folate for all lactating mothers is 500
mcg/day (116). A folic acid supplement with 400 mcg either in the
form of a vitamin pill or fortified cereal is recommended as long as she
is of child bearing age.

Use of Herbs and Other Supplements

Health care providers should assess a woman’s dietary supplement
intake for safety and learn more facts about the dietary supplements a
woman may be using. Dietary supplements may include vitamins,
minerals, herbs, other botanicals, and amino acids.

Although herbs are considered a component of complementary and
alternative medicine, they are not always safe, especially for pregnant or
breastfeeding mothers. The Food and Drug Administration (FDA) and
other professional organizations have recommended limiting the use of
herbal supplements by women during pregnancy because the potential
risks of most herbs in pregnancy have not been carefully examined
(117). Consult with a licensed health care professional who is trained in
using herbs before making any recommendations on the use of natural
medicine or herbs during pregnancy and/or lactation. To keep abreast
of new information consult http://ods.od.nih.gov/.
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