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Long Term Effects of Maternal
Obesity and DM2 on Offspring

E The effects of:

A Low Birth weight on development of DM2 in
adults

A Maternal obesity on children, adolescents, and
adult offspring

A Maternal diabetes on children, adolescents and
adult offspring



Abbreviations Used

E DM i diabetes

E GDM i gestational diabetes

E PGDMi diabetes before pregnancy
E IGT - impaired glucose tolerance

E BW i birth weight

E SGAT small for gestational age

E LGA i large for gestational age

E IDE i intrauterine diabetes exposure



Fetal Programming of Diabetes

E Fetal programming the process influencing long
term fetal outcomes

E New specialtyi Developmental Origins of Health
and Disease (DOHaD)

E The intrauterine environment dictates how genes
function

E Epigenetid the processes which govern evolution

of an individual phenotype from the genome
Yajnik, CS. Diabetes Care 33:1146, 2010



Fetal Programming

EAA stimulus or an insul
period of early life permanently alters the

organi sms physi ol ogy ar
EfiProgramming may be i nct
met aboli c, and hor monal
EfiThe fetus exposed to I
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Fetita L et al. JCEM:3721, 2006.



The Effect of Low Birth
Weight

Smoothed curve values (mean 2 SD) for birth weight and length against gestational age!
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Intrauterine Undernutrition

E SGA- Small for
gestational age
A <2500 gm
A Thrifty phenotype
A Twin studies lower

BW twin has greater
risk of DM2

A SGA + catchup growth L |
In childhood causes
high risk of DM2

http://newborns.stanford.edu/images/sgal.jpg



Low

Birth Weight and DM2

E 1992 UK- 64 year old men who were smallest at
birth were 6X more likely to have DM2

E Monozygotic twin discordant for diabeteDM
twin had significantly lower BW

E Dutch Hunger Winter 19449457 poor maternal

nutrition es

necially 3 trimester caused decreased

fetal growth. Then at 50 years old was associated

with poor g

ucose tolerance and insulin resistance.
Reusens B et al. Current Drug Targets. 8:935, 2007.



Low Birth Weight and DM2

E Catch up growth

A South Africal LBW with rapid childhood weight gain
had worst glucose tolerance

A IndiaT LBW but were the heaviest at age 8 were most
Insulin resistant

A Finlandi LBW but accelerated growth after age 7 years
I most likely to have DM

A SGA had increased insulin sensitivity at birth but by 3
years were more insulin resistant that AGA

Reusens B et al. Current Drug Targets. 8:935, 2007.



Birth Weight and DM2 Risk
Youth

E U-shaped curve for ¢
BW and risk of DM2
In childhood

E Both SGA and LGA
are associated with

DM2 later in life I I I I l

€25 25-30 3035 3.5-4.0 240
Shaw J. Ped Diab: 8(Supp 91tB, 2007 Birth weight (kg)
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Summary: Low Birth Weight

E Low Birth Weightleads to increased risk of
DM2 and insulin resistance

E Low Birth Weightfollowed by catch up
growth and weight gailead to increased risk
of DM and insulin resistance

E Low and High Birth Weighboth associated
with DM2 in childhood



Thrifty Phenotype Hypothesis

E Two essential elements

A Poor fetal nutrition resulting in changes of key
organs beneficial to survival in conditions of
poor postnatal nutrition.

A Postnatal adequate or excessive nutrition causit
these otherwise beneficial adaptations to result
adult diseases (DM2, hypertension, and ischem
heart diseaSGR)eusens B et al. Current Drug Targets. 8:935, 2007.



What We Already Know

About Obesity and Diabetes
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CDCb6s Division of Diabetes Transl ati on.
available at http://www.cdc.gov/diabetes/statistics




Age-adjusted percentage of adultsaged O2 0 year s
diagnosed digpetes, 2007

Age-adjusted percent of adults > 20 years old with diabetes
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Trends In Obesity among Children
and Adolescents

Figure 1. Trends in obesity among children and adolescents:
United States, 1963-2008
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Prevalence of Obesity Among Girls
12-19 years old

Figure 3. Prevalence of obesity among girls aged 12-19 years, by
race/ethnicity: United States, 1988-1994 and 2007-2008
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The Effect of Maternal Obesity




Obesity Leads to Obesity

E 800 mothers and offspring E Maternal Qbesity IS

E Best model to predict obesity

A Childhood (45 years): the S_trongest _
. Birthweight predictor of obesity
. Weight gain in infancy at all times studied

, Delivery type

A Adolescence (44 years):
., Maternal smoking status
, Gestational weight gain

. Weight gain during infancy  p,oney B Matern Child Health J 2010
A Young Adult (1920 years): Oct 7 epub ahead of print

. Maternal smoking status
, Gestational weight gain
., Birth weight



Maternal Obesity and Offspring
Adiposity in Young Adults
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Maternal Obesity and Offspring
Adiposity in Young Adults

E 276 adults. Age 280  E Adiposity in adulthood is

E Greater offspring % body influenced by prenatal

fat and waist circumference 'Nfluénces independently
were independently of current lifestyle factors.

associated with: E Impact of maternal
adiposity on offspring

A Higher maternal BMI N M
G . | obesity risk persists into
A Greater gestationa adulthood.

weight gain
A First born (even though
BWis less) Reynolds JCEM 95:53669, 2010



Intrauterine Exposure of DM2
Youth to Maternal DM2 and Ob

Percentage of youth exposed in utero to:
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Intrauterine Exposure of DM2
Youth to Maternal DM2 and Ob

E Intrauterine exposuresto E Prevention effortmeed

maternal obesity are
strongly associatedith
DM2 in youth independent
of diabetes during
pregnancy.

E Overall, 47.2% of DM2 in
youth could be attributed to
Intrauterine exposure to
maternal diabetes and
obesity.

to target, in addition to
childhood obesity, the
Increasing number of
pregnancies
complicated by obesity
and diabetes.

Dabelea Diab Care 31:142226,
2008



Maternal Surgical Weight Loss

E Maternal Bariatric Surgerybiliopancreatic
diversion.

E Studied children born after maternal surgery (AMS
compared to children born before maternal surgen
(BMS)

E Recruited in Quebec from July 20@&anuary 2008

E Study cohort
A Mothers 49
A Children BMS 54
A Children AMS 57 Smith JCEM 94:427:83, 2009



Maternal Surgical Weight Loss

E Maternal effects of E Effects on children

bariatric surgery A AMS compared to BMS

A Lower prepregnancy weight, . Reduced birth weight (>4
BMI kg, 1.8% cf to 14.8%)

A Lower gestational weight . Lower BMI (10.5%
gain >98%tile cf to 35.2%)

) .. ., Lower lipids

A Lower glucose & lipids o

, Lower markers of insulin

4 Reduced pregnancy resistance
complications (G.DM’ HTN, . Lower inflammatory
and preeclampsia) markers

Smith JCEM 94:427583, 2009 . Higher ghrelin, lower leptin



Summary:. Maternal obesity

E Maternal obesity is thetrongest predictor of
obesityin child, adolescent, young adult

E Intrauterine exposure to maternal obesity ar
strongly associated with DM2 in youth

E Children born to obese motherer bariatric
surgeryhave lower BW and BMI than
siblings born presurgery



The Effect of Maternal
Diabetes
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The silent killer: Scientific research
shows a ‘persistent explosion’ of cases—
especially among those in their prime
BY JERRY ADLER AND CLAUDIA KALB

OMETHING TERRIBLE WAS HAPPENING TO YOLANDA BENITEZ’

eyes. They were being poisone B apillaries of the retina at-
tacked from within and v S il mptoms were
red lines, appearing the lines multi-
plied and merged into a haze that shut out light entirely. “Her blood ves-
sels inside her eye were poppin, s her daughter, Jannette Roman, a
Chicago college student. Benitez, who was in her late 40s when the

problem began four years ago, was a clean-

ing woman, but she’s had to stop working. Blabotes prevaionce, ky age

< 3 N _B
Afier five surgeries, she has regained vision 1008 b
7 b
in one eye, but the other is completely use- 1
less. A few weeks ago, awakening one night 8 g B
i | b . #, o
in a hotel bedroom, she walked into a door, 6 b
setting off'a paroxysm of pain and nausea ‘ ¢
that hasn't let up vet. And what caused this 64

strophe was nothing as exotic as pesti- 5 i i

. , . 0 - L v

cides or emerging viruses. What was poison- 18-29 30-39 40-49 50-59 60-69 >70

ing Benitez was sugar.

40 ~NEWSWEEK SEPTEMBRER 4, 2000




DM2 1 The Role of Maternal
Inheritance

E Adults with DM2 had a higher prevalence of
DM2 on the maternal side

E In women with GDM a higher frequency of
diabetes was reported in the mothers

E In the UK and France, people with DM2

have twice as many mothers as fathers with
DM2

Fetita, L et al. JCEM 91:3718, 2006.



Infant of a Diabetic Mother

E Large for gestational age
A >4000 gm — -

A Genetic and
environmental risk of
DM?2 associated with
high BW and maternal
diabetes in pregnancy

Shaw J. Ped Diab: 8(Supp 913,
2007

http://img87.imageshack.us/img87/7109/infantofdiabeticmother.jpg



GDM 1 Offspring with Obesity

At 15-19 year of age 58% of offspring of DM2
mothers weighed 140% or more of their ideal
weight compared to to 17% with no DM2.

Pettitt, DJ et al. NEJM 308:242, 1983

By 8 years old, 50% of offspring of DM mothers had
weights >90%tile compared to offspring of non DV
mothers. Silverman BL et al. Diab 40:121, 1991



Range of Maternal Glycemia:
Risk of Obesity in Childhood

E 9439 women in a large multiethnic US
population (Hawail and Northwest/Kaiser)

E 19952000

E Universally screened for GDM with 50 gm
glucose challenge test (GCT)

E Weight measured in children age3 §ears

Hillier, Diabetes Care 30:2282292, 2007



Range of Maternal Glycemia:
Risk of Obesity in Childhood

E Results:

A Increasing maternal glycemic level was associated with
greater prevalence of macrosomia

A Children who were macrosomic at birth had a higher
prevalence of childhood obesity irrespective of maternal
glycemic level

A The highest quartile of hyperglycemia on GCT was
associated with higher level of childhood obesity
compared to lowest quartile (P<0.0001)

Hillier, Diabetes Care 30:2282292, 2007



Range of Maternal Glycemia:
Risk of Obesity in Childhood

E The risk of childhood
obesity was nearly double o1 wegsssi secentic
when mothers had FBG s
>95 mg/dl

E Increasing maternal N
hyperglycemia associated
with increased childhood
obesity was significant
only among children who
werenot macrosomiat g
birth °

Hillier, Diabetes Care 30:2287292, 2007

E Y
o

- Weight >85th percentile

+GCT, Normal OGTT Normal Fasting Fasting >95 mg/dL




Summary: DM2 In preghancy

E Adults with DM2 havenigher frequency of
diabetes in motheiompared to fathers

E Childrenmacrosomiat birth had higher
prevalence of childhood obesity

E When not macrosomic, the risk of childhood
obesity nearlyloubledwhen maternatBG
>95 mg/dl.



IGT In Offspring of Maternal
DM (Multiethnic)

E Diabetes in Pregnancy
Study at Northwestern

Univ in Chicago

E Prevalence of IGTh
offspring of diabetic
mothers in three age

groups and controls
(age 1016 yrs)

Silverman Diab Care 18:64417, 1995



