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The Fetal Origins of Coronary Heart Disease
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Introduction

Recenl research has shown thar babics who
were small at birth and during infancy will De
at increased risk of developing coronary beart
disease, siroke, dinleetes or hvperension di-
ing adull life, That a person's destiny and
lifespan may he dewermined before binh is
well knovwen, Genetically deresmaned diseases
anch as Huntingdon's chores illustrae how
long period of normel development and adult
life can be prematurely brought ©an end by
the acticn ol inheritedd defecis, What @5 new 1s
the reslisarion that i i= nol only e presence
or abzence of genes thar oonteals our destiny
bt the wav in whick gene expression may be
permanently changed by the nutrient coviron-
ment wearly life,

Thers are thires reasons why this new tield
of research has developed. First, the current
explanation of corenary hean chsease, a ‘de-
sroctive’ madel in which inappropriate adult
lifestyles hasten aging processes, fils oo ac-
connt for either the ime trencds of the disease,
o its geography, or why one person gets the
disease and another docs not Second, e
search for altermative explanations led 1o a
strong geographical clue thar the role of fetal

lifee in the genesis of coronary heart discase
mright bes much greater than hacl Been thoughe.’
Third, suvima | experiments show that alterma-
tiens in nutrition in eady life may permanently
change the gowth and Form of the bady
rogether with o range of s sirociues ol

functions,-
Studlies in Animals

The substantial body of evidence on the
plastcicy of the fetus, s ability o adapt oo
uncdemutirition, ans g [FEITRATIE cifects ol
these adapaations, derives from animal experi
ments carried con by Widdlomeson and athers.*
These sniches allow us o predict o Chings
alxoual thes bumsan [etus ]"'i|1~'r|:.-'. lack af nulrecnes
or aecvipen will cause persisting changes, which
include altered metabolizn, including glooose
anl lipid metabolism, altered blood pressore
ard ;Lll;:_'rq_‘u;l',ﬁx:l,:jrﬁgﬁt:'-;_ll-] ||1|'r'r'|-:|r‘:|.'||'.|‘.-:'-r.".~\.,1.'“|'|:-!':.'ll1l_".h:-
and cell receptors, Secondly the long e
effects of undemuotrition depend on the sege a
which it oo, Tissnes and svstems tend w be
vulnenible to progronming during phoses of
rapicl cell replication, and different tissues un-
thergnthese sensitive’ phases of developmentat
chiffirent tirrwes,
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Small 5iwe at Birth and in Infancy

It has been possible to explone the links
Berween growth in utere and e conomry
learn disease bocanse g search of the archives
in Britin revealed a number of collections of
it secords of mmen and women born S0years
ared more aga. The Agure shows findings in 2
aronp of 5175 men bomn in the county of
Hertfordshire Before 1930, Their eeight an one

v af apme st ='|'l;-'u|':-' |:-||_'-:_|'.|'I-:':| their subse-

guent death rates from coronary heart disease

Demrh mues fell steeply between thase wh
weere smil] and those who were large at ones
vear, There were similar rends in Coranary
heart disease with bimbavedghe in men and

prareed Theat the

warnern, A shugly in Shetfield sh
amall Babies with high coronary death rates
weepe small i relacton te the doratien of
gestation rather than small because they wers

prematurely om.

Saendard=ed monaliy ratlc
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‘WWalghL al 1 wear (poureds)

Fig, Standardised momiliny ciios for corcnary
heart discase in 8175 men accoeding, e thelr

weedirhal wn ane year of ppe

Thigsse :'lr':!ill:.'_.-\. s the -;|'l.|l.'*~|i"l"- ol what
are the e A '.'\.'Ilil_'l' link redduced i.'ill':fn
groevthy with aduly dizease. From exaninng
samnples of men and women who sl live in
Hestfordshing, amd Sheffield, and in Prestan
we powe know that babies who were small
lave, a5 adulis, raised Blaod pressure, rised
serum cholesteral and plasma fbrinogen con-
centrations and impaired glucose wolerance’ -
the mgin risk factors for coronary heat dis-
popse, Tabde 1 showvs the mean systolic pres-
sures ol men ._|||-.| O agfed (34— VIS
3*-":..~.I-::-|':' pressure Falls= !'II"I:-j.-',IK-'-'-i'-!'|:- Gansin
those who were small a1 hieh and those who
weore Tarpe. The relation between binhweigh
angd blood pressure Bas now been demonsirat
ed in 321 silies of children and 2acdabis, and
there is a secure base For saving that impaired
fetal growth s srrongly linked 1o blood pres
sure at all ages exoeqpl durning adolescenoe
when the macking of blood pressure levels
which Tegins in eardy chiliheod 5 perturbed
bar the adolescent grosvth spurt. Differences in
sl preessure ausociaied sl bk cight ang
sl in childhood but ane magnified through-
ot life, This suggests thar there may b
amplification as well as initiation processes.
We do nod know whal imancs E'l'.:_"."l hlood
pressure in intranterine life, but there are
Table 1 Mean Svstolic Pressune donmblg! in
Aed 54-7

Mo and WWomien L vears

Acoording o Birhw
Bithweight
paurds (5451 M

5.5 (250 17 1E)
6.5 0F ) 1EE [53)
Fh(EA) 168 [144)
-5.5 (3.5H) 1ES (111}
=85 {3.866] 1 () 155 (28}
Total 186G (418) 161 (184
Standard deviaton 24 2B
(Figuras in hrackeals e numbars of El.lh_"'.-l'-hﬁl.

wWamen

165 [9)

165 (33
160 85}
163 (48]



sreresting clucs including the work of Edward=
aped -;_'l_:-ll,a_';,l,a._lg,n;:w. 11 I':.-;,|'.|||‘:-|,|'r_;:'|'| wihach las &l ST
ed i the possible role of cortisaol

Table 11 shows the prevalence of non-
el -:_'||._*]‘:q._'|'|{|l,_'1'|r chiaberes aod i |‘:-:.|i:'1-'|:i.- Hh -
cose toleranoe according to birthweizght in a
graup of men in Herfordshore® The preva-
lence falls sharply bedtween men who were
sl ar bBidh anel men weho weene |:_|1;,'_-g-'. There
are similar findings inwomen. This association
between Birthweight and dizbetes has Teen
replicated in two other siudics in Britain, in
e studies in the Dnitesd States, and one in
Sveclen.

Body Proportions at Birth

Spudics of men and women who weere
small an vt have shamwen thar they ane resis-
ant oy insulin, The cccurremnce of insulin resis=-
ance i adiles s charnorecised moa svndeame,
inwhicl: disbetes, hypertension and raised
plasma miglyeericle concentratons oomndcicde in
the same patient. Tablbe 1 shoees that, allows-
ir'lg for current I:'||_1|_':_-:- miass, the relanve msk of
having synoreme X among people who seere
A potkndds (2295 kgd or less an binh s arcund
[0 times higher than amoeng people who sore
mire than 2.5 [+t mcls (4 51 ]{F'_I. This s |;I|HL'
risk. Forcomparizon the risk of comomary hean
disense among smokers
compared with nonsmok-  Talkle 171
arg s aroune] 2 T he -

in acdule life is the peripheral site of insulin
acticn. Insuling woleranee tesrs onomen el
women aged 50 confirm that those who wene
Chainn st Doirth are bess sensitive 1o insulin
Bused Mocd pressare in adule [ife 15 ass0-
ciated not only with thinness at bicth b al=o
with short oy lenghon velacon to hed-size,
Short Batbdes are thoeught to bave encountered
wrpcbermateteon i lane ga:ﬂa[:l.l_i-:_m angl e have
sustained brain growth at the expense of the
trumk, irecluding the abdoaninal viscera, Table
N shows mean serum cholesierol concentra-
tions in g groop of men and women aged 50
according o abdomenal ciecomberence an bank,
The concentrations of total and LDL cholester-
ol fall Berween people who had small and

Tiabele 1T Previlienee of Moninsulin Daepuesnetliznl
Diabetes and Impaired Glucoss Telerance in Men
Sl 59270 Y ears

Binhwaighl  Musber 55 with imased  Odds ratian adjusbed
pounds (kgh  of man geecse telemnoe for body mass index
ar dabeles 105% canfidence
inkaraal}

5.5 250 20 A0
-Bh (E2aky 47 ag
5 (B4 104 31
-G (RAE) 117 22 2.6 0 0.
-Ba 43y 54 15 1.4 0.3 12 5.6
=BG dITy 20 14 1.0

.6 (1.5 12 28)
4013417
4.6 (1.4 10 16)

Tatal e o

Prevalenoe of Syndoane X (Typne 2 Dialweies, Hyperension
anch Hyperlipidaemial in Men Acconding to Binthaweight

lin resistance syndrome

Qgds Ratie adjusted
o Dahy riass indes

195%, canlidence intemal)

e wilh svndrome ¥

N 7 Birhwaight Tatal
A% assoC Al ft |:-|'|13"l.'-.-1||'| preunits (kih Firksr
by Bviethweesight but with al men
thiniress ae lsigth, asmeas- 55 1250 20
ured by a low ponderal -85 1(2.85) 54
index  {birthweight/ ;g Eiua };1
length®l. Babics who are 9504510 54
thin at Birth lack muscle =985 {4.31] az
as well as fan and muscle Taeal anT

30 18 (2510 118)
19 0.4 1.5 to 40)
17 8.5 (1.5 to 48)
12 4.9 (0.9 to 27)
E 2.2 {0310 14)
i 1.4

14
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large abdominal circumferenoces.” Abdomiral
clrcumference parly refleces liver sive, the
liver being dispropotionmely lange in the
Feries. An inferemee o Talsle TV is that Bubies
who have impaived liver developmsent permi-
nently re-set their cholesieral metabolism.
Resclaced abdornmal circumference an Bh iz
also associated with raised plasma concentra-
tons of fibrinogen, anather strong predicron of
poronary bean disease, The differences in
serumn cholesteral and plasma fibrinogen con-
centrations associated with the moge of ab-
closrminal circumilerenae af Tt ane lacge, oguivia-
lenit Ley at st 30 per cent differendces in risk of
coronary beart disease,

Table I¥  hean Semom Lipid Conceniraiiong
Accarding tn Abdominal Circumderence
ar Barth i Men and Weanen Aged 50253
Yeurs

Alvckaminal Mp.al  Tolal cholestenl  Low dansily

girpumiprense  peopa  (mmell) lipopratain

{incheas) choleziesl

immaollh

-5 3] i 4.5

A0 43 .49 45

-1k H 6.5 4.4

-15.0 e 6.2 4.0

= 130 15 6.1 4.0

Tatal 27 8.5 4.4

Table ¥ Eifects of Feal Exposure o Mareonal

Lover Protein Dhets on Sysiclic Bleod
Pressure in Adwln Bas

Cigtary protein Mo  Mesn 1500 swsledic Blocd prassine

peccanl by o weets aller bith (mm Hyl
waight

15 15 1374

12 15 162 [ 3}

k) 15 193(3)

B 1 1504}

Summary of Programming

This el review of what is known in
animals and man allows a number of congclus
sioms.

1. Resteicticn of nuirivnls or oxvgen in ulers
lesves permanent marks on the physiology
arvl siraciine of the body, As an example
Table ¥ shows the Blood pressures of the
affspring of four groups of peegnant rats
mivern varying amounts of dictary protein
The ollepring of rats who bad lower protein
thiers had riised blood pressurcs nine weeks
after hirth anel this persisted through adul
life.

3. Experiments on ammals have estalhished
that undernutrition at different times in
early life has dilferent effects, Undernusimnga
in endly pestation leads 10 proporticmte
loss of body gize as in the proportionally
senatl] newham humsan balsy. In kite gesta-
tion undernutrivion leads o dispropodion-
ate growth, as in the thin or short human
babw. Dispropomionate growth rather than
sl size seems to hold o key o the origins
of coronury heann lisease, Tweniy vens
sz Witkdomson showed that undermutrition
could effect profound changes in the rela-
tive size of the body's orpans without any
meajor change in overall body sise,'

A The mapidly growing balyy is more vulner-
abde oo undernuirivion, When rickets was
comman 70 years ago i was nor small
labics whio got the disease hat larger. more
rapicly growing ones. Slow growth pro-
rects against undermrnnion. [ some coun-
trics such as China, where inea-uterie:
growth retardation s widcespread, cong-
nary hewt discase is rare, Growih retanda-

leaed 1o lown

repulation of growth in early gestaton,
which could proetect the feres from the

nan i China seems 1o
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effects of undernutrition later in gesianon,
aml from the development af the dispro-
portion which is associaied with coranary
bt (liscase.

Ferl undernurition, which programmes
the body, itself resulis from inadeguane
paternal intake of food, or inedeguats
transpot or transfer of mutrients, Sudies of
the Methweighis of families show a strong
correlation between tThe birhweights of
pecple related Trough their mothers, STH]
not between the birthweight of people
relared only through their fathers. This and
ether findings suggest that feral growdh is
not predominantly controlled by the fetal
genome bat by the supply of nutricnls anicd
axygen from the mother™ In 1944, for a
period of seven menths, there was an
embarzo on food supplies o the popula-
sian of western Holland, People starved. A
generation of babies were concetved or
bom during Fumine and we now know
something about whar happened 1o them
a5 achulis.® Gids who wers congeived in the
famine but bom after liberation Ty e
allies, had normal birthweight and gres up
b be normal women, ot their babics,
when they were bom, were small. The
ability of these women o deliver minents
1o their babies bad, it seems, been impained

Ly their own fetal expericnce, This obser-
vaticn illustrates how feral nutrition de-
pendds not enly on what the mother eats
during pregnancy but on her physiclogical
and membolic competence, established
during her early life, as well as her nutrient
stapes etore pregnancy.

Table V1 shows another aspea of the
complex links between maternal Fetal
nutrition. The mean systohe pressures of 2
group of men and women are arranged by foawr
groups of binhweight and four groups ]
placental weight. As expected from previous
findlings those whowere of heavies binhweight
had lower blood pressure, But, unespectedly,
at any hirtbreveight men and women whe had
headd larger placentas bad higher blood pres-
sure, From studies n animals we know thil
placental enlargement is an adaptation o lack
of nutrients, including oxvgen; and in humans
tluree linds of Taby ane known to have dispro-
portionately large placentas They are the
offspring of mothers who were anaemic in
[Frefnancy, who exercised during pregoancy
o who live at high allitode * The fetus it seems
attempis 1o overcome the deficiency in supply
af mutrients of oxveen o by increasing the
areq of its attachment to the mother. A high
ratio of placental weight o binhweght is

Table V1 Mean Syatolic Blood Pressuse fmm Mg of Men and Women At A0 10 3 Acconding 10

Placentzl Weight and Rl Weight, Mumber of Suhjects in Farcntheses

Flacental Waight (ponands)

Birth waight 1.0 1,25 1.5 »1.5 Al
(pounds}
55 152(26) 154135} 1635} 208(1) 15048
-6.5 1476 151154) 150[26) 1 B3] VH1{1068)
1.5 144200 14877} 145(45) 160427) 1480 16H)
=g 1335) 148027 147425 1540 1490128)
Ml 1AT[EE) 148171) 1471200 157300 1500445
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linked o eardiovascular disease, impained
alacose folerance and raised plasma fbring
gen concentraiens iy e life as well az o
hypercension. The placenta seems to plav an
important role in programming the baby,

Mew Model of Coronary Heart
IMsease

A new mode] for the causation of coranary
heart disense 5 emerging” Under the old
moddel an inappropiate lifestyle, including
cigarette smoking and ek of exercise, leads
1 accelerated destruction of the body in
miichdle ik late Life, inclisding the mode rapdd
development of atheroma, rised blood pres-
sure, and the development of m=ulin resis-
ance. Under the new model coronary hesant
disense resulls nod [1ri1:|‘&|:|.|'i|.:|' frome exrernal
forges bt from the body's intermal coviron-
ment, homeosstanic seilings of enzyme 2Cniviry,
cell receprors, and hormone feed back, which
are established in response 10 wndemurinoen
i were g Lead eventually o prematone
cleath,
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