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A. Background

"Fuel-mediated teratogenesis"

It is suggested that concepts of teratogenesis should be expanded to include alterations occurring
subsequent to organogenesis during the differentiation and proliferation of fetal cells. Such changes
could cause long-range effects upon behavioral, anthropometric, and metabolic functions.'

B. Background
e Prior metabolic studies on long-term effects of [U exposure to maternal diabetes

e Animal Models
e Streptozotocin-induced diabetic and glucose-infused hyperglycemic rats”

1¥ generation Mild DM Severe DM

2" generation (in | { B-cell response | T B-cell response
basal glc + when stressed Insulin resistance
insulin levels) GDM GDM

3" generation IGT IGT

e Paternal intrauterine hx noncontributory to 3™ generation phenotype (excluding any
genetic alteration casued by steptozotocin.

e Same 3" generation phenotype when 1% generation mothers rendered slightly
hyperglycemic by glc infusion in last wk of gestation

e Malformations of hypothalamic nuclei associated with hyperinsulinemia in offspring of
rats with induced gestational diabetes (acquired dysplasia of VMN)

e Prevention of VMN malformation in offspring of diabetic pregnant rats via pancreatic
islet transplantation demonstrated.”

e Studies in the Indians

e Longitudinal study among Pima Indians at least 5 yrs of age in the Gila River
Indian Community of Arizona since 1965

e Biennial exams: ht, wt, BP and 75g OGTT

e OGTT during 3™ trimester of pregnancy

! Norbert Freinkel (Banting Lecture 1980. Of pregnancy and progeny)
? Aerts L et al.. 1990 Diabet Metab Rev 6:147-67

3 Plageman A et al, 1999 Dev Neuorsci 21:58-67

* Harder T et al, 2001 Neurosci Lett 299:85-8.
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Maternal diabetes status: Type 2 DM, GDM, and impaired glucose tolerance (1GT) T
rate of obesity and abnormal glucose tolerance (AGT) in offspring of diabetic mothers
(ODM) compared to offspring of pre- and non-diabetic mothers after accounting for
maternal body size and offspring birth wt T obesity and AGT in offspring of women with
ACT vs n1GT

At age 20-24, prevalence of T2 =45% in ODM (vs 8.6% and 1.4% in OPDM and ONM
respectively) gp differences remained after accounting for paternal DM, parental age at
onset and offspring body size

In 5-19-year-old subjects, IU exposure to DM accounted for ~40% of T2 b/w 1987-96
(~2X attributable risk b/w 1967-76) “vicious cycle” of diabetes in pregnancy

Greatest effects seen with pre-gestational DM

In siblings discordant for IU exposure to DM, mean BMI and risk of DM higher in
siblings born after vs before maternal DM developed but no difference b/w offspring
born before and after paternal dx

Lower insulin secretion in GT offspring of parents with early onset T2 and AIR lower in
ODM than in offspring of mothers who had early onset DIM but post birth

IU exposure to DM is risk factor for T urinary albumin excretion in diabetic subjects,
independent of other risk factors for nephropathy

Except for those born before 1965, T risk of obesity and DM and ODM not decreasing
with time

e The Diabetes in Pregnancy Center at Northwestern University

Gravidas with diabetes recruited In 1977-1983 for longitudinal evaluation of maternal
and offspring metabolism

Annual exams: ht, wt, VS, Tanner stage, lipid profile, modified OGTT (1.75g/kg with
max of 75g; fasting and 2h post-load samples drawn)

Maternal diabetes status: Type 1, Type 2, GDM

1 childbood/adolescent obesity and GT in ODM independent risks

Excessive 1U insulin secretion reflected by API = predictor of obesity and IGT in
childhood/adolescence

Sig. correlations b/w AFI and obesity even after adjusting for maternal obesity and
macrosomia

IGT not associated with birth wt, maternal DM type or White class

S; by IVGTT Y in pubertal ODM with I GT but similar to nl adolescents in those with
OGTT

7 systolic and mean arterial BP in ODM

{ fasting LDL and total cholesterol

Correlations of maternal FFA and -OHB during pregnancy with offspring BP (diastolic
and MAP)

ODM more sexually mature (exact stage of pubic hair and gonadal maturation not
described)

Citation Disturbance in BP and lipid profle
offspring wt and
glucose tolerance

Pribylova Hetal. | Both T in offspring of T1 | T BP in ODM highest

1996 in those with IGT

Vohr BR et al. LGA ODM show T body | Trend to T BP at 6-7

1999 size and adiposity with yr when all ODM
age, similar pp glc b/w compared to controls
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ODM and controls

(GDM)
Weiss PAM et al. | Both T in offspring of T1 | T Cholesterol and
2000 Correlated with AFI LDL

e Evidence vs long-term effect of diabetic IU environment: MODY?2 kindred®
e Kindred divided into 4 gps based on presence or absence of glucokinase mutation in
subjects (S) and mother (M)
e Similar adult ht, wt, and BMI in all 4 gps
MODY?2 not associated with obesity
e Similar BP, lipid profiles, insulin secretion and insulin sensitivity (HOMA) in adult
non-diabetic M+S- and M-S- offspring.
e Above variables and degree of hyperglycemia also similar in adult M+S+ and M-S+ MODY2
offspring
e Inastudy of 524 children whose mothers were screened for GDM, Witaker et al. 1998 found no
difference in BMI or obesity b/w ODM and those whose mothers had a negative glc screen.
They concluded that IU exposure to mild, diet-treated GDM does not T risk of childhood obesity
e Pre-gestational Tpye 1 vs GDM°®
e Similarly 71 frequency of childhood IGT in both, but significant differences in OGT values

e Offspring of T1
o High-response of insulin and rising I/G ratio

U
o Tinsulin resistance with age
e Offspring of ODM
o Low insulin response appears to develop
e Prior studies in other populations at risk for insulin resistance and obesity premature
adrenarche and PCOS
e In girls with PA:
o T risk for PCOS and its complications: infertility, IR, T2 DM, CVD
o Hyperthydroenism, { SHBG, insulin sensitivity, T IGF and { IGFBP- 1,
dyslipidernia
o T free IGF-l levels compared to age-, sex and BMI-matched controls
o Considerably higher prevalence of T2 DM and IGT in I" degree relatives

C. Study Purpose

e To evaluate measures of insulin sensitivity, growth factors, androgen metabolism and lipid
profiles in children exposed to diabetes in utero to further define the long-term risk characteristics
of this population for development of IR and CVD (and S yndrome X?)

e To determine markers for risk that may fa cilitate development of interventions to
reverse/arrest observed metabolic disturbance

D. Hypothesis and Primary Outcome

> Velho G, Hattesly AT, Froguel P, 2000 Diabetologia 43:1060-3
6 Plagenmann A eet al 1997, Diabetologia 40: 1097-1100
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e We propose that there is a relationship among measures of insulin sensitivity, growth factors,
androgens and lipids associated with long-term metabolic risk in this population and that free
IGF-1 may mediate and/or represent a marker for this risk.

e  We hypothesize that serum levels of free IGF-1 will be elevated in these children compared to
normal controls and perhaps to those siblings discordant for U exposure to maternal DM

E. STUDY DESIGN

e Cross-sectional case-control
e 3 main subject groups
e Recruitment
o Subjects and their sibling will be recruited from offspring of women with a history of
gestational diabetes who were patients of Dr. Robin Goland
o Controls will be recruited from friends of the subjects, from the practices of Dr. Sharon
Oberfield, Dr. Lenore Levin and their colleagues in the Division of Pediatric
Endocrinology and from the Rosetta body composition study at Luke's/Roosevelt
e Procedures
o  H&P specifically for birth wt detailed FH of T2 DM and CVD, ht, wt, Tanner stage and
acanthosis nigricans
e Fasting early AM blood for:
o glucose, insulin, lipid profile and apolipoprotien A
o testosterone, DHEA, DHEAS, 17-OHP, A4
o IGF-1, IGFBP-Lfiree IGF-I
o thyroid function tests
o 1.75 g/kg of Glucola with blood draws at 30, 60, 90 and 120’ for glucose and insulin
e Pelvic US if female
Free IGF-1 will be measured by immunoradiometric assay (DSL Webster, TX)
Noncompetitive assay using sandwich b/w two antibodies
Direct assay of dissociable fraction of serum for IGF-1
Inclusion criteria
o Children b/w 5 and 11 yrs of age whose mothers have a hx of GDM and who were
exposed to maternal DM in utero
e Exclusion criteria
o Evidence of adrenal enzyme defect or other endocrine problem (e.g. hypothyroidism,
GH def))
o Serious medical conditions or chronic medications including corticosteroids which
may interfere with lab values
*Note will be made of children known to have DM, the data will be separately analyzed and an 0TT
will not be performed
e Safety Measures
o The study does not involve administration of any medications.
o H&P and blood tests will be performed in the General Clinical Research Center
o Nausea and less commonly, vomiting may occur after Glucola administration and
subsides shortly. If a subject vomits within 30’ of drinking the Glucola, the test will be
ended.
e Sample Size
o N =30 subjects
o Using transformation (free IGF-1)
determined by Juul et al 1997
o o=0.05 p=80%  SD=0.14

% and normal ranges for free IGF-1 by age and sex
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o Effect size= SD/[(n-1)/16]"*
= =0.014 with 1:1 ratio controls/subjects
= =0.089 with 2:1 ratio controls/subjects
= (free IGE-1)"* of 1.1 - 1.19
= free IGF-1 of 1.46 —> 2
= Effect size of 0.54 or 37% for raw data
e Progress Report

Total N=121
2 \ 2
20 eligible 7 ADC 1989 38 incorrect contact info.
(confounding factors,
pregestational,
borderline, etc.)
U

56 potential recruits

2 2
35 contacted 21 remaining
e 3 participants

e 18 declined

e 8 pending

e 6 maybe later in
year
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