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Learning objectives

By the end of this talk, you will be able to:

- Understand how DOHaD resear%lz}is conducted among
populations in an epidemiolc&@'ﬂcontext

)
- Describe how social strycCture contributes to the patterning

of DOHaD-related expesures and outcomes in
populations

- Explain how DOHaD may partially explain existing health
Inequities among population groups in the United States



In the beginning -
observational epidemiology

WEIGHT IN INFANCY AND DEATH FROM
ISCHAEMIC HEART DISEASE

- Lancet, September 1989 - P.D.W

- 5654 men born (1911- COSMOND vonpr VARGETTS
1930) In six districts of e e
Hertfordshire, England

S094XY

@BLE 1—SMRS ACCORDING TO WEIGHT AT ONE YEAR OF AGE AND

- Complete data on PIRTHWEIGHT
. . @ Cause of death
birthweight and & Ischaemic | Chronic
. Q Weight heart obstructive | Lung All
breastfeedin g * (pounds) discase | lungdiscase | cancer | causes
V One year old
1 1 1 <18 (n=324) 111 37* 128 (6) 98 (11) 89 (85)
@ EXClUSlOﬂ Crlterla 19-20 (n=0971) 81 (76) 86 (11) 99 (31) 89 (238)
| . d . . 21-22 (n=1850 98 (163) 41 (9 87 (48) 85 (405)
- 23-24 (n=1464) 71 (98) 61 (11) 57 (26) 68 (265)
explained, sex-restriction Z2=lish| TLOB | 00D | 0 | 6806
. £ =227 n=276) 42 (11) 29 (1) 70 (6) 58 (43)
justified Birdhocighs
<55 (n=251) 104 (25) 93 (3) 113 (9 | 101 (69)
. H 665 (n="1752) 77 (5 59 (5) 101 (22) 69 (131)
- Standardized mortality Trame1soR) | 0% | mas | 80 | 860
. 88:5(mn=1757) 85 (141) 50 (11) 85 (47} 80 (380)
9-0-5 (n=1868) 62 (53) 69 (8) 67 (19) 70(170)
ratios calculated for three o5t | 26D 6@ | e | 0o
outcomes and Overa” Total (n=5654) 82 (434) 61 (43) 83 (145) | 79 (1186)

*Number of deaths in parentheses. 2-2 pounds =1 kg.




more observational epidemiology - Dutch

Hunger Winter
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how epidemiologists attempt to isolate
intrauterine effects

Periconception Trimester

Expm1 EXme EXpm3a—c &
(90.)
N\
Exposure ExXppsure
accumulation @ransfer

>

Prenatal
Ech1

Exp: Exposure (e.g., nutrition, chemical exposure, stress)
Subscripts: m=maternal, c=child at time point 1, 2, etc.

Preconceptionl 1st 2 - Postpartum  Intraconception

EXPms EXPms

Lactation Environment

Postnatal

Exch

Janne Boone-Heinonen graphic, 2021



Examples of progress in DOHaD
epidemiology domains

Timing of exposures

Timing of outcomes

Maternal factors Development Postnatal Bi ical mechanism L

proxies factors @aworal mechanism

@ ntermediate outcomes

* Diet « LBW . Epigenetic markers
« Environmental ¢ SGA . @ES  Hormone profiles

o Stress  LGA Md more ¢ Body composition

e High adiposity  And more... o Other biomarkers
And more... And more...

Paternal factors

Long-term
Outcomes

CVvD
Diabetes
Mental health
Cognition
Cancer
Asthma
Aging

And more...
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how DOHaD has changed epidemiology -
obvious example 1

- When “exposure” occurs

<
)
P

GrandMother Mother Daughter

Susan Bagby graphic, 2018



how DOHaD has changed epidemiology -
obvious example 2

- What constitutes a “mediator” or "modifier” of an
exposure-outcome relationship g

Modifier.&
Offsprfr@@
Maternal R & 5 Offspring health
exposure | Ts-.__ \7\ ,,,,,,, outcome
Protein 7 Mediator -° Diabetes
restriction  Organftissue structural
changes

* Accelerated cellular aging
+ Epigenetic changes

Confounder

» Chemical exposures
* (Genetics)
Janne Boone-Heinonen graphic, 2021



AND NOW...
HOW EPIDEMIOLOGY* COULD
II\L@%ENCE DOHAD

*And by "epidemiol ', | mean social epidemiology

>




Traditional disease causation

- Individual Specific | &
exposed to exposure _cf?
some disease- l
causing factor —Q
Dis or
. 4 Jury
-
- Disease /
Injury results Coronavirus
disease 2019




This exposure — outcome relationship occurs in a

larger context
Social >/  Social position
context Social _ _ Differential
A stratification (I) . Differential | yylnerability (I11)
o]
Spegi Xposure
@\
\/A, v Differential
Disease or injury conseguences
(V)
_ €
\/ Social
Policy < stratification (1) Social
context consequences of il
health

Diderichsen and Hallgvist, 2001



Social stratification -> health

cir::g::'r Social Socid posirrion |_ Differential .
" i e Social context - |
| @ Immediate physical / social
[ Specific exposure | @ettlng; includes engines
, csPthat generate and
R vitrerenriadh\&~ AIStribute power (e.g.,
| Disease or injury | cons?:ct;ue, edUCatIOn SyStem, Iabor
l, Social f Q pOIICIeS)
Policy | stratification (T) Socia:cgﬁn;ecglt;ﬁnces *Q
context oT ill hea
A%

- Social stratification -
system by which society
ranks individuals and
groups into those with
more or less power

Diderichsen and Hallgvist, 2001
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Diderichsen and Hallgvist, 2001

Social position - health

- Social position describes a
Dif ferential pegson’s place or standing

Y wﬁhin society
Q)(?ndividuals in society defined, in

o part, by their relationship to

@J_ social context
V™ . Meaning of one’s social

position varies by context




Social position - health, continued

Social

k|
Policy | stratification (T) | Social consequences
onte. of ill health

consequences

&

\7\0

e Social gradients - Whitehall
studies of British civil service

found robust association between
descending job grade and poorer

health (Marmot, et al., 1978)

Diderichsen and Hallgvist, 2001

Even when we think that

Intrinsig order Is fair or tolerable
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Social position 1.
women (& education)

Women'’s educational attainment by race/ethnicity, 2016

l_l_l
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<
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m < High School m High School ® Some College
m Associates m > Bachelors

BLS Reports, Report 1070, October 2016 Sarah Andrea graphic, 2018



Social position 2 —
women's occupation

Employed women by occupation and race/ethnicity, 2016

I_%

Hispanic
%,

Black
White
Asian *
0 20 40 60 80 100

m Management, professional, and related occupations

m Sales & Office Occupations

BLS Reports, Report 1070, October 2016 Sarah Andrea graphic, 2018
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Consequences of women'’s social position on
infant health

Educational attainment and infant mortality in the US, 2006

B Less than High School

il
&

B High School

wtk
=1

[ College or more

-
L.¥)

=]
=2

Infant deaths per 1000 live births (2003)

=

Black or African American Indian or Asian or Pacific Hispanic or Latine  Non-Hispanic
American Alaska Native Islander White

Race and ethnicity of mother

Source: National Center for Health Statistics, Health, United States, 2006, With Chartbook on Trends in the Health of
Americans, Hyattsville, MD: 2006

“Measuring Racial Equity: A Groundwater Approach” Austin, Texas. August 17, 2016 Sarah Andrea graphic, 2018



Differential exposure - health

Socd e - Differential exposure —
T oy p'fm' ferend exp sures vary between
1 ‘ exposur‘e
(I1)

stratification (I) vulnerability
(o) | groups by type,
[ Specific exposure | @'mount duration
~ @ Dangerous living conditions
(D orimgory | | consep o . Dangerous jobs
4‘&& - Ability to make healthy choices

¥ Social Jf’ V . .
Poliey | stratifieation @) [ social consequences - Greater risk of toxic exposures

- Advantage or disadvantage
accumulates over time

Diderichsen and Hallgvist, 2001



Differential exposure 1 — unhealthy food
environments

No Car and No Supermarket Store Within a Mile

> 10 percent
5.1-10 percent
2.5-5 percent
= 2.5 percent

T No data available
=y -

2008 age-adjusted obesity rate by U.. county
Oinskiozsse  [[029.%0300%
[ 26.3%1027.7% W 30.2% 10 31.8%
H275% 0290% W% 10439%

Marick v "

SOURCE: Dopartment of Agriculture, Centers for Disaase Gantrol



Differential exposure 2 —
toxic stress

Mean number of stressful life events in the 12 months before delivery,
PRAMS 2004-2014

By Race & Ethnicity... @ By Educational Attainment..

Asian W11 @ 235

White Non-.. I 1.8
Hispanic I 1.8 \7\
Other/Multipl.. F——2.3 I
Black Non-.. I 2 4

<High High Some College
A/AN/PI 2.5 School School College Grad

Survey-weighted; Analysis by SBA



Differential exposure 3 — unhealthy physical
environments

Cizona {8 hr) Fine paorficulole mofter (P, ) (24 hr)
Asian or Pacfic slander, norHisponic
60- Teded
White, norrHlspanic
40
20
o

200 G el ginilel 2004 2000 MQQ 2010 2074

* Racial isolation of blacks Poor-quality built envimnment
EPA, AQS, 2014 \/

Anthopolos, Kaufman, Messer, Miranda; (2015);
Epidemiology; 25(3): 397-405




Consequences of differential exposures on
women’s health

Women’s years of life expectancy lost attributable to
harmful workplace practices by race/ethnicity and
education Ieéel

)

Hispanic w
Nor-Hispanic Black ISR
Non-Hispanic White *

0 0.5 1 1.5 2 2.5
Years

ml12orfewer m13-16 m17 or more

Health Aff (Millwood). 2015 Oct;34(10):1761-8. Sarah Andrea graphic, 2018



Consequences of differential exposures on
infant health

Rates of low birth weight (LBW) before and after Postville Raid
by mother's ethnicity/nativity
2006-2008

. &66/
gl-ﬂ' %/
4

< - Q !
5 S
N -
Comparison period Comparison period 37 weeks after raid
2006 2007 2008
Time Period

Non-Latina White Mother
Foreign Born Latina Mother
US Born Latina Mother

International Journal of Epidemiology, 2017, 839-849 Sarah Andrea graphic, 2018
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Differential vulnerability - health

o e T amaLS0clel position ——_ Differential vulnerability —
4 stratification (I) nge::::;al vulnerability he@h |mpact Of adverse
,, = osure dependent on other

(I1)
| Specific‘:axposur'e | CtOrS

. Q)@- Even if risk factor equally
| vitggfemar  AiStributed, health impacts may
| Disease or injury_| @?"‘“ be unevenly distributed due to
| o I A% underlying vulnerabilities
oot (ST EY | Socle chnseguences - Vulnerabilities may also reflect
differences between social
groups in biological defenses

(e.g., fetal programming)

Diderichsen and Hallgvist, 2001



Differential vulnerability 1 —
comorbidities by race/ethnicity

Percent of Nonelderly Adults with
Selected Health Conditions bg}Race!Ethnicity. 2018

@ White @ Black  Hispanic ) Asian % erican Indians ) Native Hawalians and
and Alaska Matives Other Pacific Islanders

1T% @
&

)

Repart Currently Hawve Asthma Told by Doctor They Have Diabetes Tald By Doctor They Have Had a
Heart Attack or Have Heart Disease

Kaiser Family Foundation, 2020



Differential vulnerability 2 - infant
breastfeeding by income

® High income two-parent
® High income single-mother

Any breastfeeding - 6

months ® Low-income two-parent
® Low income-single mother
85.2
Ever breastfed . 286
0 20 40 60 80 100
Percent

Janne Boone-Heinonen graphic, 2021

Kim & Gallien (2014) Mat & Child Nutr.



Differential consequences - health

o e - Social stratification affects
CO“:eX"' sTraTi??cz'?'ilon (1) Differential \?J;jz?;rii:; O Q S ablllty to prevent
exposure (x ss and cope with
Isease or injury

| Spe,cific‘exposur'e, | @@ g
‘ - Consequences include

social and economic costs
of disease

v
| Disease or injury |

J socia = - Direct and indirect costs of
Po;icy _stratification (I) .‘Socic::c can}%eqluinces h ealth care an d INncome
context of ill healt

forgone due to morbidity
borne by families

Diderichsen and Hallgvist, 2001



Obesity Rates Continue to
Trend Up in U.S.

Percentage of U.S. adults who are obese based on
height and weight survey

"7-18 42.0
"15-16 39.8
1314 — 7.9
1112 [— 34.8

'09-10 | 35.8

'07-08 | — 3.7

'05-06 [, 34.2

'03-'04 32.0 -
'01-02 [ 300

'99-'00 I, 290.9

Data collected by CDC based on survey of 5,000 U.S. adults
Source: Centers for Disease Control and Prevention

Deaths from Heart Disease, U.S.
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Percent of total population with diagnosed diabetes, by age, 1980-2017
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rce: US Diabetes Surveillance System

<

Peterson-KFF

Health System Tracker

Total average annual spending for people with health coverage from
a large employer, by diabetes diagnosis, 2003-2017

== All enrollees == Diabetes with complications == Diabetes without complication
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15,000 e —
10,000 /’*‘“_”’f
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O —
2003 2005 2007 2009 2011 2013 2015 2017

Source: KFF analysis of IBM MarketScan Commercial Claims and Encounters Database, 2003-2017



Adverse exposures perpetuated via
residential segregation

Annual Average Change in Residential Segregation ° Nationally, racial seg regation
across 274 of the Largest US Cities .
levels going down
entrification
&~ Fewer single race identities

¥ Income segregation ™ Racialsegregation

2.1%

§ Table I. Segregation in the Nation's |0 Largest Metropolitan Areas, 2000-2010

@ Dissimilarity Isolation
2000 2010 2000 2010
New York 687 647 475 42.4
Los Angeles 534 545 268 220
Chicago 779 719 659 575
Dallas-Ft. Warth 537 475 304 234
-7.2% Fhiladelphia 67.0 62.6 50.5 446
1980-1990 1990-2000 2000-2013 2013-2016 Houston 56.0 478 34.0 243
Washington 597 56.1 440 291
Miami 636 58.1 428 77
Source: Author calculations from US Census Bureau data. URBANINSTITUTE Atlanta 6810 54.1 45.4 78
Boston 626 576 320 263




social construction of intergenerational health

Education, occupation tracking

Social
context

y
Policy
context

Socidl
stratification (I)

Social
stratification (I)

L ’I Social position

Differential
exposure

(ID)

L 4
| Specific exposure

| Disease or injury
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Social consequences
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|

Unhealthy food environments
Poor air quality

Breastfg(‘jing barriers
ne

Dif ial
bility
&1)

Occupational hazards

Differential
consequences

Iv)
A

(differential) Intergenerational wealth transmission
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epidemiology enables DOHaD researchers to
see our fishbowl

At a population level

Differential distribution
of adverse exposures
results from

racism
sexism
classism
etc.







Mitigation of gestationally—p@@led vulnerabilities
physical activity effects \\Q
dietary modifications
Remediation
stricter environmental regulations
improved food environments
Revolution
wage equity between women and men
reparations for slavery and lands stolen from American Indians
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EXTRA SLIDES




EXHIBIT 3

Percentage Of Life Expectancy Disparity Between The Highest And Lowest Educational Strata Attributable To Ten Distinct

Workplace Exposures, By Demographic Group
35

30 _|

ms
| I
N
| —

Percent of life expectancy disparity between highest and lowest
educational strata that is attributable to workplace exposures
—
wn
|

[
] “9@@/‘

B

W Low saocial support at work
W High job demands

[ Low job control

M Job insecurity

W Shift work

B No health insurance

B Unemployment and layoffs

I I
Non-Hispanic Non-Hispanic  Hispanic
white men black men men

Health Aff (Millwood). 2015 Oct;34(10):1761-8.

I
Non-Hispanic Non-Hispanic
white women black women

Hispanic
women



LBW among singleton infants in CA;January
2000-June 2001
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Demography. 2006 Feb;43(1):185-201.
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Relative Risks of LBW among singleton infants during
October2001-March 2002, compared with October
2000-March 2001
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Demography. 2006 Feb;43(1):185-201.



1.6 1 * %
1.4 4
1.2 -
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0.6 4
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0.2 -

Maternal evening cortisol
(ng/ml)

"\
Ethnic discrimination exposure
Fig. 1. Relationship between number of reported exposures to ethnic discrimination

maternal evening cortisol in late pregnancy (figure presents mean and 95% CI)
(*=P<0.001; *=P<0.01).

Soc Sci Med. 2015 Mar;128:36-42. doi: 10.1016/j.socscimed.2015.01.003. Epub 2015 Jan 6.
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