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Low birthweight and cardiovascular health
in adolescence and adulthood

Birthweight <1 kg

Mean GA 27.1 weeks
Mean age 31.8

Morrison KM, Ramsingh L, Gunn E, Streiner D, Van Lieshout R, Boyle M, Gerstein H, Schmidt L, Saigal S. Cardiometabolic Health in Adults Born Premature
With Extremely Low Birth Weight. Pediatrics. 2016 Oct;138(4).



= e een participants born
/;4/:%4 o] low birth weight (VLBW) vs

Mean age at BP measurement: 17.8

2.2 mm Hg (95% Cl: 1.1-3.3 mm Hg) higher for preterm
or VLBW versus term participants.

Most-adjusted: 2.5 mm Hg (95% Cl: 1.7-3.3 mm Hg).
Higher-quality 3.8 mm Hg (95% Cl: 2.6-5.0 mm Hg)

Systematic Review and Meta Analysis of Preterm Birth
and Later Systolic Blood Pressure.

: de Jong, Femke; Monuteaux, Michael; van Elburg, Ruurd;
77 Gillman, Matthew; Belfort, Mandy

v“!) WOlterS KlU‘\.wer OVid © 2012 American Heart Association, Inc. Published by American Heart Association. Hypertension. 59(2):226 234, February 2012.
Health DOI: 10.1161/HYPERTENSIONAHA.111.181784
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Prevalence of hypertension, obesity, metabolic syndrome, and fatty liver index greater than 30 in adults wh oW
preterm or late preterm compared with adults born at term (controls), Northern Finland, 2009-2011.

Ages 20-46
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https://doi.org/10.1093/aje/kwu443

Crispi F, Miranda J, Gratacés E. Long-term cardiovascular consequences of fetal growth
restriction: biology, clinical implications, and opportunities for prevention of adult disease.
Am J Obstet Gynecol. 2018 Feb;218(2S):S869-S879. doi: 10.1016/j.ajog.2017.12.012.




Developmental Origins of Health ==
and Disease
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Preconception health

g women in high-income
untries (solid lines) and

hypothesized optimal
exposures before conception
(dashed lines), with lack of
evidence on exposure
trajectories (grey area);
adapted from Lancet 2018
Preconception health.?







Preconception type 2 diabetes

ancy diabetes among deliveries in 19 U.S. states,
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Treatment effects




Non-clinical preconception cardiovascular
health

Gestational Diabetes Pre-eclampsia
RR 95% Cl RR (95% ClI

Cholesterol

LDL-c

Triglycerides

Systolic blood pressure
Diastolic blood pressure

- Cardiovascular Risk in Young Finns


https://0.22-1.87
https://0.71-2.29
https://1.08-2.65
https://0.65-2.30
https://0.87-2.66

All deliveries
in a medical
center in
Southern
Israel


https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0139164
https://doi.org/10.1371/journal.pone.0139164

Physical fithess and GDM







Preconception cardiovascular health
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‘Time relative to pregnancy

PTB LBW
RR (95% Cl) RR (95% Cl)

Systolic blood pressure 1.28 (1.05-1.57) 1.31 (0.97-1.76)
Diastolic blood pressure 1.19 (0.94-1.53 1.14 (0.80-1.63

Per 1 SD unit

Cardiovascular
Risk in Young Finns
Study

Harville et al, 2011



Pregnancy is also a window to later-life

health




Pregnancy as a window to future health



https://www.frontiersin.org/articles/10.3389/fped.2017.00069/full

or Gestational
lesterolemia

22 265 ever-pregnant women from
the European Prospective
Investigation into Cancer and
Nutrition-NL study, aged 20 to 70
years at baseline (mean age 51-55)

” ‘. - .
“.'y WO['[@[’S K[U‘v,‘,n’ef O\/|d © 2015 American Heart Association, Inc. Published by American Heart Association. 2
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Association Between History of Hypertensive Disorder of Pregnancy or Gestational
Diabetes Mellitus and Cardiovascular Events and T2D After Follow-Up

3 Wolters Kluwer

Follow-up until event or 9-15 years

OvidSP

Health

Women with a history of HDP were
diagnosed with hypertension 7.7 years
earlier since first pregnancy (95% ClI
6.9-8.5) without such history

Women with GDM were diagnosed with
12D 7.7 years earlier (95% CI 5.8-9.6) than
women without such history







Experiencing multiple pregnancy
complications is associated with a
greater risk of cardiovascular disease,
beyond single complications

Cirillo PM, Cohn BA. Pregnancy
complications and cardiovascular
disease death: 50-year follow-up of
the Child Health and Development
Studies pregnancy cohort.
Circulation. 2015 Sep 29;132(13):
1234-42.
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lampsia and gestational hypertension are associated with
f Parents and Children. Circulation. 2010 Sep 21;122(12):1192-9.




Offspring of hypertensive pregnancies

Followed to age ~65-75




nal diabetes: a review. J Matern Fetal Neonatal Med. 2019




Adverse perinatal and
cardiovascular outcomes
take a particularly hard toll on
vulnerable communities



Racial disparities




Racial disparities
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Racial disparities




Racial disparities




1.2 m1.21

,,,,,,,,,,
N\
NN

,,,,,,,,,,,,,

,,,,,,,,,,,,

N

a Heart

S

,,,,,,,,,,
,,,,,,,,

NN

NN
NN
NN
NN A
NN
NN
NN
NN \
NN
NN
\ ,,Z,.,.,.,
OO
NN
\ NN
NN
N\ V,/

AR

NN

,,,,,,,,
WA
,,,,,,,,,,,
,,,,,,,,,

TN )
NN
,,,,,,,,,,,,

,,,,,,,,,,
/////////

NN
,,,,,,,,,,,

,,,,,,,,,,,,,,

Racial differences - The Bogalu

Study



Crude incidence rates (95% Cls) of the metabolic syndrome during 20 years of follow-up for

000 person-years

ncidence rate per

lactation categories by GDM status (1986—2006) and race (black and white).

[l 1+ non-GDM Births
[ 1+ GDM Births

B 1+ non-GDM Births
[ 1+ GDM Births

Incidence rate per 1,000 person-years

0-1 month >1 months 0-1 month >1 months
Black White

Non-GDM GDM
Race Duration of Lactation Duration of Lactation
0-1 month >1 months 0-1 month >1 months
Black
Cases, n 26 30 8 3
Person-yrs 1667 1,699
White
Cases, n 14 27 4 8
Person-yrs 860 4,727 58 574
All
Cases, n 40 57 12 1
2,527 6.426 243 797



Transgenerational effects




Generation 1
CV health

Generation 3
birth outcomes

Generation 3

pregnancy
health




Traditional genetic mechanisms
explain only a small proportion of
the familial clustering of obesity
and cardiovascular disease



“The CAD loci with the strongest genetic
effects, such as SLC22A3-LPAL2-LPA and
chromosome 9p21, still only confer a 20-37%
increased risk and the vast majority of the

loci modulate risk by 10% or less.
Furthermore, the ~60 loci for CAD collectively
explain <20% of the heritability, raising the
question of where to search for the remaining
genetic risk.”

Hartiala J, Schwartzman WS, Gabbay J, Ghazalpour A, Bennett BJ,
Allayee H. The Genetic Architecture of Coronary Artery Disease: Current
Knowledge and Future Opportunities. Curr Atheroscler Rep. 2017 Feb;
19(2):6.
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Things that
are not the
cause of

disparities




Reproductive outcomes

d as less t| he 101 le of birthweight for gestational age
7 7 c
i Cl, confidence interval.

|
), CLK extremely ow
v

rences in birthweic e and infant mortality in extremely-low-risk US populations.
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bin C, Fingar K, Pearson JA, Curtis M.
in Preterm Birth. Am | Public Health. 2014




Hypertension




Smoking

CDC

Figure 1. Cigarette Smoking Before and During Pregnancy, by
Maternal Race/Ethnicity, 2011*
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Total Non- Non- Hispanic Non- Non- Non- Non-
Hispanic  Hispanic Hispanic  Hispanic  Hispanic Hispanic
White Black American Asian Native Multiple Race
Indian/ Hawaiian/
Alaska Native Other Pacific Islander

*Includes data from 23 states (AR, CO, GA, HI, ME, MD, MI, MN, MO, NE, NJ, NM, NY, OK, OR, PA, RI,
UT, VT, WA, WV, WI, WY) and New York City. Mothers completed surveys between 2 and 9 months
postpartumn. Multiple race data were not reported by 5 of 23 states (AR, HI, ME, NJ, WV); therefore, specific race
ategories may include multiple race mothers.**Defined as the proportion of mothers who reported smoking in
he 3 months before pregnancy. 'Defined as the proportion of mothers who reported smoking in the last
months of pregnancy.

ource: U.S. Department of Health and Human Services, Centers for Disease Control and Prevention (CDC),
Pregnancy Risk Assessment Monitoring System, 2011-2012. Analysis conducted by the CDC Division of
Reproductive Health, National Center for Chronic Disease Prevention and Health Promotion.
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Transgenerational effects



https://www.harvardmagazine.com/2017/05/is

Epigenetics



http://commonfund.nih.gov/epigenomics/figure.aspx

Animal studies




Human studies
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Epigenetics may contribute to the



Difficult to set up — long time frame or reliance on existing records,
which may not have the necessary information

Privacy/confidentiality for accessing data

Problems with

- Difficulty of complete follow-up, especially through the male line
Studylng y p P, esp y g

transgeneration
al health

Difficulty of testing hypotheses and confounder control, particularly for
second-generation

Fertility/socially patterned reproduction



Future directions - Transgenerational
health

Expand Include Examine Take advantage

Expand existing Include biological Examine mediation Take advantage of
prospective cohorts, markers and test and pathway natural experiments
pregnancy, and child mechanisms analyses and discrepant

health studies generations




How can we use these to improve women’s
health?
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How can we use
these to
improve
women'’s
health?

* Good health during
pregnancy starts

with good family
planning




How can we use these to improve women’s
health?




Preconception health

Exposures before conception, in utero, and postpartum
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How can we use
these to improve
women’s health?
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Clinical care solutions




How could a life course/DOHaD perspective
inform policy?

antenatal leave) or through the

UM

th greal

omen as a subgroup of interest, and extending policy simulations to
tergenerational effects of consuming SSBs and their alternatives prior to,

ed risk of LBW among young, urban pregnant women
al by race/ethnicity
K entrif associated v B compared to non Hispanic blacks, but protective among non Hispanic whites

ed |i ng t with effects on pregnant women, the consideration of potential health effects stops at birth
that birth outcomes set in.

ences of what might seemingly be economic development policies, but also the potential effects of
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All of which
goes beyond

clinical care




Goal: All babies born healthy!
All women healthy throughout life!

f Public Health and Tropical Medicine
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	Traditional genetic mechanisms explain only a small proportion of the familial clustering of obesity and cardiovascular disease 
	Traditional genetic mechanisms explain only a small proportion of the familial clustering of obesity and cardiovascular disease 
	“The CAD loci with the strongest. gene2c eﬀects, such as SLC22A3-LPAL2-LPA and chromosome 9p21, s2ll only confer a. 20–37% increased risk and the vast. majority of the loci.modulate .risk .by .10% .or .less.. Furthermore, the ~60 loci for CAD collec2vely explain <20% of the heritability, raising the ques2on of where to search for the remaining gene2c risk.” 
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	Genetics of cardiovascular disease 
	• 
	• 
	• 
	• 
	Non-diabetic kidney disease -explained by genetic variants in apolipoprotein 1 (APOL1) gene 

	• More common in SSAA; confers immunity against trypanosomiasis 

	• 
	• 
	No convincing genetic variant linked with hypertension excess 
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	Figure
	Small for gestational age (SGA) defined as less than the 10th percentile of birthweight for gestational age from the 1991 US Reference Curve. ELR, extremely low risk group; CI, confidence interval. 
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	Generation 3 changes in glucose and insulin metabolism, even when embryo transferred 
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	Generation 1 BMI, metabolic syndrome 
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	Epigenetics may contribute to the embodiment of racial disparities 
	Figure
	• 
	• 
	• 
	Epigenetic differences are associated with CVD 

	• 
	• 
	Stress during pregnancy has been associated with changes in methylation in the next generation 


	Kuzawa, 2009 
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	How can we use these to improve women’s health? 
	• Recognize that health is linked across the life course and across generations 
	• Good health during pregnancy starts with good family planning How can we use these to improve women’s health? 
	How can we use these to improve women’s health? 
	Figure
	Making the case for preconception care, Public Health England 
	Preconception health 
	How can we use these to improve women’s health? 
	Follow-up for women who experience pregnancy complications 
	• 
	• 
	• 
	Postpartum is a time when care continuum can fail 

	• 
	• 
	Pediatricians treat children 

	• 
	• 
	Obstetricians treat pregnant women 

	• 
	• 
	PCPs may not ask about pregnancy history 


	Clinical care solutions 
	• 
	• 
	• 
	Integrated and functioning EMR systems to establish flagging tools for certain conditions (e.g., GDM) 

	• 
	• 
	Empower women to share their birth narratives 

	• 
	• 
	Training on hand-off of care in medical/midwife/RN/PA students to know the right questions to ask or to identify when information is missing, especially for women of reproductive age 

	• 
	• 
	Improve predictive analytics to identify women who are likely to progress to cardiovascular disease 

	• 
	• 
	Expand payment models to bundle postpartum services with delivery and have a “well-mom” schedule parallel with well-baby 

	• 
	• 
	• 
	Paid family leave 

	• 
	• 
	• 
	May decrease stress among pregnant women either through offering an opportunity to stop working during pregnancy (antenatal leave) or through the anticipation of paid postpartum leave and this may result in more appropriate birthweight and decreased PTB 

	• 
	• 
	Appropriate birthweight is an indicator of fetal developmental processes that contribute to the long-term development of coronary heart disease, diabetes mellitus, and other conditions, thus amplifying the potential impact of PFL. 

	• 
	• 
	The influence of PFL may be further amplified through its well established connection to breastfeeding, providing a link to later life obesity and cardiometabolic disease through healthier infant weight gain 



	• 
	• 
	• 
	Sugar sweetened beverage taxes 

	• 
	• 
	• 
	SSBs were the largest single dietary sources of energy consumed in pregnancy. 

	• 
	• 
	Observational evidence suggests that greater maternal SSB consumption in pregnancy is associated with adverse birth outcomes associated with life course disease risk in the offspring, including higher risk of PTB 

	• 
	• 
	Prenatal SSB consumption is also associated with greater adiposity in children 

	• 
	• 
	Applying a DOHaD lens to evaluate SSB tax policies requires integration of pregnant women as a subgroup of interest, and extending policy simulations to consider intergenerational effects. It also requires more empirical research on the intergenerational effects of consuming SSBs and their alternatives prior to, during, and after pregnancy, as well as consumption by fathers. 



	• 
	• 
	• 
	Housing policy 

	• 
	• 
	• 
	Housing transitions and housing instability have been associated with increased risk of LBW among young, urban pregnant women 

	• 
	• 
	• 
	Effects of renewal policies that result in housing transitions are differential by race/ethnicity 

	• Very high levels of gentrification were associated with increased PTB compared to non Hispanic blacks, but protective among non Hispanic whites 

	• 
	• 
	While the housing-related literature is beginning to concern itself with effects on pregnant women, the consideration of potential health effects stops at birth and fails to take into account the long-term health trajectory that birth outcomes set in. 

	• 
	• 
	A DOHaD lens considers the positive and negative consequences of what might seemingly be economic development policies, but also the potential effects of these policies on the second generation. 




	How could a life course/DOHaD perspective inform policy? Goodman et al., Analyzing policy through a DOHaD Lens 
	Int. J. Environ. Res. Public Health 2018, 15(12), 2906 
	Figure
	All of which goes beyond clinical care More ideas? Health insurance and access to care encourage health across the life course Paid maternity leave allows families to take care of themselves and their children Sexual responsibility among men encourages planned pregnancies Economic stability allows for long-range planning and prioritizing health Neighborhoods that are safe encourage healthy activity Evidence based medical care and community interventions mean programs that work 
	Goal: All babies born healthy! All women healthy throughout life! 
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	Send me your baby and 4+ generation pictures! 
	harville@tulane.edu 
	harville@tulane.edu 
	harville@tulane.edu 


	504-988-7327 
	Department of Epidemiology, Tulane School of Public Health and Tropical Medicine 






