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EARLY LIFE ORIGINS OF ADULT HEALTH

Are early life factors responsible for
international differences in adult blood
pressure? An ecological study
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Although low birthweight has been related to higher mean blood pressure in
individuals, there have been very few studies on the contribution of the ‘fetal
origins hypothesis’ to international variations in mean blood pressure.

Standardized data on mean blood pressure levels in adults aged 20-29 years
(available from the INTERSALT study countries) were related to data on mean birth-
weight and infant mortality rates (IMRs) ~25 years earlier (available from the World
Health Organization and the United Nations statistics for 24 of these countries).

Population mean systolic pressure was inversely correlated with IMR (r= —0.66,
P < 0.001) and positively correlated with mean birthweight (r = 0.36, P = 0.108).
These correlations were little affected by adjustment either for current body mass
index or for current sodium, potassium, and alcohol intake.

The directions of these associations suggest that low mean birthweight and high
infant mortality are not important determinants of high population mean adult

blood pressure levels.
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It has been suggested that factors operating in fetal life are
important determinants of cardiovascular disease risk.! The
principal proxy marker of fetal exposures related to increased
cardiovascular risk in most studies has been small size at birth,
which has been related to Coronary heart disease (CHD),
stroke, and a wide range of vascular risk markers in
individuals.! However, a second important component of the
evidence adduced to support the ‘fetal origins hypothesis” has
been the observation in ecological studies, both on a national
and international basis, that infant mortality rate (IMR) is
positively correlated with risks of CHD and stroke.>™

Among established major risk factors for cardiovascular
disease, blood pressure has been particularly implicated in the
fetal origins hypothesis.! It has been consistently shown in
studies of individuals that low birthweight is related to higher
mean blood pressure levels,” though the magnitude and public
health importance of the association is debated.®
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The geographic differences in mean blood pressure, which
occur between populations are marked and of considerable
public health importance.” Marked differences between
populations in exposures implicated in the fetal origins
hypothesis, including birthweight and IMR, are well
documented. However, the potential contribution of the fetal
origins hypothesis to differences in mean blood pressure levels
between populations has not been examined. In order to
examine this issue reliably, standardized measurements of blood
pressure in different populations are essential. Therefore, we
have related published information from the INTERSALT study,8
in which standardized blood pressure measurements were made
in adults in 32 countries, to independently collected information
on mean birthweight and IMR for these countries. If fetal factors
were important determinants of blood pressure differences
between populations, it would be expected that populations
with lower mean birthweights and higher IMRs would tend to
have on average higher mean blood pressure levels.

Methods

In the INTERSAIT study, standardized measurements of blood
pressure, height, weight, and urinary potassium and sodium were
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made in population samples from 52 centres in 32 countries from
all major regions of the world during 1986 and 1987.8 Each
population sample included ~25 men and 25 women in each of
four 10 year age strata (20-59 years). Blood pressure was
measured twice in the sitting position by an observer who had
been trained and tested at one of two co-ordinating centres, using
a Hawksley random zero sphygmomanometer; the mean of the
two readings was used for analysis. Height and weight were
measured using a standard protocol and electrolyte intake was
estimated from 24 h urine collections measured in a central
laboratory (Leuven, Belgium). Weekly alcohol intake was
ascertained from a standard questionnaire.

From published data summaries’ we derived sex-standardized
estimates of mean systolic pressure, height, body mass index
(BMI), weekly alcohol consumption, urinary sodium and
potassium in each country for the 20-29 year age group
(Table 1). This age group was used in the analysis because it was
possible to obtain national data on IMRs and birthweight for
most of these countries either for the mid-year of birth of these
subjects (1963) or within 10 years either side (1956-1973).
Geographic variations in blood pressure at 20-29 years in this
study are closely related to variations at older age groups.'®
Information on mean birthweight was available from national
birth surveys carried out during the 1960s and collated by the
World Health Organization“ for 21 of the INTERSALT countries
(Table 1). Information on IMRs was available from United
Nations sources!? for 24 countries included in the INTERSALT
study (Table 1). Data on both infant mortality and mean
birthweight were available from sixteen countries. To ascertain
socioeconomic influences at the time of birth on birthweight and
IMRs, correlations with national income were examined.
National income was ascertained for 25 of the INTERSALT
countries from routine United Nations sources, measured in
1963 for all countries except Brazil (1960) and China (1958).13

Statistical methods

Statistical analysis was performed using Intercooled STATA 7.0
for Windows software (Stata Corp, Union Station, TX, USA).
Correlations between continuous variables, including mean
birthweight (kg), systolic blood pressure (SBP) (mm Hg), height
(m), BMI (kg/m?), infant mortality rates IMRs (number of
deaths of infants <1 year of age per 1000 live births), mean
alcohol consumption (ml/week), national income (converted to
US dollars), urinary sodium and potassium (mmol/24 h) were
examined. Partial correlation coefficients were used to establish
the independent relations of birthweight and infant mortality to
blood pressure in later life. The assumption of linearity was
verified by observing graphical representations of the data.
Independent adjustments for adult height and body size (using
mean BMI) were made. Adjustments for electrolyte intake were
made using mean urinary sodium and potassium levels, along
with weekly alcohol consumption.

Results

Between the INTERSALT countries included in this analysis
there was a wide range in mean SBP (97.9-120.6 mm Hg),
diastolic blood pressure (DBP) (59.4-75.2 mm Hg) mean
birthweight (2.8-3.6 kg) and IMR (16-88 deaths/1000 live
births) (see Table 1). IMR and mean birthweight showed a strong

inverse correlation (r= —0.62, P = 0.01). Mean birth weight was
positively correlated and IMR negatively correlated with
national income (r=0.59, r= —0.34, respectively). Mean SBP
showed a modest positive correlation with mean birthweight
(r=0.36, P=0.108) (Figure 1) and a stronger inverse
correlation with IMR (r = —0.66, P < 0.001) (Figure 2). These
associations were little affected by adjustment for population
mean BMI (partial r=0.29, P=0.221; r=—0.63, P=0.001,
respectively). Additional adjustment for population mean
urinary sodium and potassium levels and mean alcohol
consumption had minimal effect on the association between
IMR and blood pressure (r=—0.58, P =0.008), but moderately
weakened the association with birthweight (r = 0.12, P = 0.645).
Adjustment for current height had little effect on the relation
between infant mortality and systolic pressure (r= —0.51,
P =0.012) but effectively abolished the relation of birthweight to
systolic pressure (r = —0.04, P = 0.854).

Exclusion of two countries in which INTERSALT populations
were highly selected groups (Brazil, Yanamamo Indians; Kenya,
Luo tribesmen) did not affect the results appreciably. Replacing
mean SBPs for the 20-29 year age group with the overall mean
systolic pressures for the 20-59 year age group in these analyses
(using the same birthweight and infant mortality data) did not
appreciably affect the positive correlation between birthweight
and systolic pressure (r=0.37, P =0.099), though the inverse
relation between IMR and systolic pressure was markedly
weakened (r=—0.14, P = 0.528).

Current mean BMI showed a strong positive correlation with
mean systolic pressure at 20-29 years (r = 0.44, P = 0.014) which
was unaffected by adjustment for birthweight, and attenuated by
adjustment for IMR. The regression estimate between mean
systolic pressure and BMI (1.6 mm Hg per kg/mz, 95% CI
0.4-2.9) is similar to the association observed in individuals in the
INTERSALT Study.® There was no evidence of interaction in the
associations between birthweight, BMI and systolic pressure in
these ecological analyses; in particular there was no suggestion
that a combination of low birthweight and high current BMI was
associated with particularly high mean blood pressure levels
(P =0.595). Similar but weaker associations were observed for
diastolic pressure throughout (association with birthweight
r=0.31, P=0.175; with IMR r = —0.47, P = 0.021).

Discussion

In this study, between-country variations in mean birthweight
were positively correlated and variations in IMR negatively
correlated with mean SBP. Additional adjustment for adult
BMI, alcohol consumption, sodium and potassium intake had no
important effect on the direction of these associations.
Adjustment for height abolished the positive association between
birthweight and blood pressure, though it had little effect on the
relation between infant mortality and blood pressure.

The ecological analyses presented here combine data from
systematic, standardized blood pressure surveys in small
population samples with information on birthweight from
ad hoc surveys and with routine national information on IMRs.
This has the potential weakness that the populations from
which blood pressure and early life data are derived are not
necessarily the same. The validity of the analyses presented is
therefore crucially dependent on the extent to which the data



EARLY LIFE FACTORS AND ADULT BLOOD PRESSURE 651

“IOLId pIEpUPIS ‘HS UONEIAID pIepuels ‘qS ‘Apnis ITVSYALNI 21 woly a1nssaid pooq pue ‘N 241 woly Alfeiowr juejul ‘OgM woIj 1gSamiiq uo eieq

(9°1) ¥79¢ (T°6) 0°8¥1 (#'0) 0'%C (1) 9L (L1 ¥str oS - - - - - amqequirz
(T 06¢ (¢'¢) g'stl (#'0) 6°sT (9°0) €L (8'0) T¥IT  L8T SO TSt - - - vsn
(¥'2) 0'9¢ (£'8) 686 (9°0) €%¢ (1) 9L (¢1) gt 9% SOK 6'0% - - - 08eqOL, pue peprury
(9°2) 0°¢¢ (¢8) L8¢T (¢0) 8°1C (1) 9¢L (61) ¥eIt  ¥% SIK ¥°9¢ (6%°0) €T°€ 18 <C 89-6961 uremelL,
(6'1) 6'9 (L9) T¢LT (9°0) 0°¢t (1'1) T'89 (') 9¢rr - o0I1 SOA < o¥ - - - ureds
(6'1) ToO¥ (#'9) 67921 (#'0) ¥'¢t (¢1) veL 1) €901 L¥ SO 6°0¢ - - SL61 uoruf 191408
(T2 Te¥ (0'11) T¥0T (€°0) 60T (VR IXNVA (1) 8601 06 - - (L5°0) €9°¢ 6871 09-9¢61 ©II03 YINOS
(L7€) 899 ($°01) 681 ($'0) LTT (S1) €¥L (€38 0 253 & ]S SIK TeL - - - [esniiod
(8'1) ¢6¥ (¢7L) LsLT (€0) 9°¢t (6°0) ¥'¥L (1) #9111 001 SIX L'8¥ (¢9°0) 8T'¢ TL8 619 YL61 puejod
(1'9) s°LL (L%) 1Le (¢°0) 8Tt (1) 619 norr 9% - - <8'T 6189 7961 eoumyn moN endeq
(¢€) Tes (1'6) 9°¢s1 ($°0) 0°%C (1oL (1) 8911 08 SOK 0°LT - - - pue[aI] UIIION
Fe)viL (¥°6) 9 16T ($'0) ¢TC (1) 8°8L (81) 9'61T  0¢ SOK 8¢ LY'¢ 101 9961-1961 SPUBIIYIIN
(0°¢) €8¢ (¢'01) €6C1 (¢°0) 6°¢T (9°1) L1L (¢'1) €801 9% SOA <89 (€<0) €0'¢ €11C 0L-8961 ODIXIN
(8°¢) <19 (6°L) €181 (¢°0) ¢¥C (¢1) ¥9L (91) 911 0% SO (43 (€<°0) OF'¢ L1ST S961 el[eW
(¥'¢) 0°€€ (L76) ¥es (¢°0) ¥0t (#'1) $°L9 (9'1) 8011 TF - - 9T'¢ 091¢ 1L61 eluayy
(€1) ¥ev (¢¢) LzLt (z0) L1T (6°0) 8°L9 01 ¥err  6vl SOK Tee T¢ 606 865 1 0961 ueder
(1) €¢¢ (TH) 1891 (€°0) 6°¢T (L°0) 6°TL (8'0) Telr 00T SOA rov (Lg0) st'e €69 €96 <961 Areir
(¢1) L¥¥ (L79) ¢LLT (z°0) 90t (0'1) oL (0'1) TLoT 00T ON 9'LL (8T0) 18°C 0¥6T 0L-7961 erpuy
(0°€) 009 (¥7L) TTel (#'0) ¥¢T (9°1) 169 (1) 0911 0¢ EEIN 0°LT - - - puead]
(820 1'L¥ (z01) T 18T (s°0) 8°¢C (S 1) 6L (9'1) 9211 0¢ SIK 6TV re 618 1ST 0L61 Aresuny
(¢2) 60L (€72) <91 (¢€'0) 9Ct (6°0) TTL (T oLt v6 SOA 6'9¢C (65°0) 9¢°¢ 0€€ €9 €L61 Auewron
(¥2) seL (8°¢) ¢1s1 (¥'0) Tt (T TsL (T1) 91t 001 SO T8l (Ls0) ¥1'e 1€6 11 9961 pueuig
(60 1'¢9 (¢6) 1St (#°0) ¥'¥¢ (0°1) 869 (1) Tsit 001 SOK r'ic (Ls0) 1€°¢ S18 91 0L6T S9[eM pue pue[sug
(0°€) 8¢9 (9°2) 6 T¥1 ($°0) ¥'¢c (€1) 66L (91) T6lT 6% EEIN 61 (Ls70) €€7¢ LSS YL €L61 SHrewrua
(e eeL (8'11) 1°L1T (#'0) 0°'1¢ (T1) 1°¢9 (L1801 6F ON 788 (0s'0) Tl'e 0L8 99-6961 BIqUIO[OD
(8°0) 6°0¢ (¢7L) T80T (z0) o1t (8°0) $°<9 (6'0) #'901  0S1 - - 6T¢ 0LES TL61 euryD
(#0) 1% (z'8) 6281 (€°0) 8¢t (6°0) 1%L (0 TvIit 86 EEIN €9¢ 6T°€ L9¥ T€€ €L61 epeue)
(9%) ¥'LL (¢77) oot1 (¢0) 8'1¢ (6'0) 129 (0'1) 6°L6 L6 - - (L¥'0) 8T°¢ $Ts 1961 [izerg
(0°¢) 8¢9 (9'9) Tzel (#'0) ¢¢t (T1) 9¥L (¢'1) 90Tt oL SOA TLe - - - wnispg
(¥2) 17es (8°6) 97291 (#'0) ¥'¢t (1) LoL (¢'1) 80T  0¢ ON TT9 14¥3 00¢ 9961 eUNUIZIY
Y pg/fuua (S) Y pr/[ourua Nﬁ\wv— (as) SH ww SH ww SIedX WI (syrarq 0001 83 (As) ZIS paanseaw Anyuno)
wnissejod (4S) wnipos g UBIW (as) dga  (as) 4ds 6707 1e drqerPy 1d sypeap) ySromyraq  dpdures ySromyraq

Areurin ueaw Areurm UCIW UCIW painsesawt €961 Ul WI UBIW uedur Ieax

UCIW ‘ON

Apnis ITVSYALNI U} Ul SILIIUNOD JUIdIIP 10} ‘SISA[eUe Y] ul papnpul eleq T d[qeL



652 INTERNATIONAL JOURNAL OF EPIDEMIOLOGY
125 -

. r=0.36

(@]

T 120 - © Denmark O Netherlands

e O Hungary Germany

O Poland O MaffaFinland

S O England & VMIglleas

P 1 1 5 7 . [} Canaga

hd O O Tawain O ltaly

[4y) ) Japan

10) O Papua New Guinea X

> 1 1 0 | O Kenja °

g O Mexico © Columbia O Argentina S Korea

| O India ® China

o

N 105 A

—

@©

o

% 100 -

O Brazil
95 T T T T T T T 1
2.8 2.9 3 3.1 3.2 3.3 3.4 3.5 3.6 3.7

Mean birthweight (kg)

Figure 1 Association between SBP at 20-29 years and mean birthweight, for different countries included in the INTERSALT study
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Figure 2 Association between SBP at 20-29 years and infant mortality, for different countries included in the INTERSALT study

on infant mortality, birthweight, and blood pressure are
representative of that of the populations to which they refer.
The majority of IMRs were based on reliable whole population
data (Table 1),!? with only a small number (7 = 3/24) being
from estimated data or from civil registers that are incomplete
and of unknown reliability; 12 exclusion of these three estimates
had little effect on the results. The validity of the data on IMRs
is supported by the expected inverse association with national
income. The validity of the information on mean birthweight
from population samples is supported by the strong positive
association with national income and by the strong inverse
association with IMR, both parameters based on national data.
The representativeness of the information on blood pressure
from INTERSALT is supported by several lines of evidence. First,

the patterns of blood pressure variation observed in INTERSALT
correspond closely with those in earlier population-based
studies in individual countries, showing particularly high mean
blood pressure levels in industrialized countries and in the
Caribbean and particularly low mean levels in ‘unacculturated’
populations in Brazil and Kenya.14'15 Second, the variations in
mean blood pressure levels in middle-aged subjects in the
INTERSALT samples show a positive correlation with stroke
mortality (r=0.26). Third, other characteristics of the
INTERSALT population samples, particularly their mean BMI,
correlate strongly (r = 0.63) with data from national surveys in
the same countries collated by the International Association for
the Study of Obesity, again suggesting that they are
representative (R. Leach, personal communication).



The analyses presented in this report suggest that at a population
level, higher birthweight and lower IMRs are correlated with
higher mean blood pressure levels. The findings are consistent with
the earlier evidence from epidemiological studies on the
distribution and determinants of blood pressure, especially those
documenting the characteristics of low blood pressure populations,
which tended to be living on the margins of subsistence, with
characteristics suggesting that average birthweights would be
low and infant mortality high.1%17 Ecological data of this kind
requires cautious interpretation, being particularly prone to
confounding.lg_21 However, the results do suggest that low
birthweight and high IMRs, and their close correlates, are not the
major determinant or determinants of variations in mean adult
blood pressure levels between populations. There was also no
evidence to suggest that the combination of low birthweight with
later obesity was strongly related to the development of high
population mean blood pressure, as has been suggested by some
studies in individuals,2? although statistical power for such an
analysis was limited in this ecological investigation. Both the
exposure measures in this study (birthweight and infant mortality)
are crude markers, influenced by a wide range of factors
(birthweight by the intrauterine environment and by fetal and
maternal genes, IMR by fetal nutrition and by the post-natal
environment).2> However, both measures have been important
in providing epidemiological evidence relating potentially prenatal
exposures to cardiovascular risk which provide the basis of the fetal
origins hypothesis; although crude, they have not so far been
superseded by other more specific measures.?>

These ecological observations do not exclude an important
influence of fetal factors on blood pressure levels at the individual
level. Studies in individuals generally provide stronger evidence
about causality than ecological ones.'8-21 Moreover, the factors
responsible for variation in blood pressure between populations
may differ from those responsible for variation between
individuals.” It therefore remains possible that correlates of low
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birthweight are important determinants of blood pressure levels
in individuals, although recent reports have suggested that the
association between low birthweight and raised blood pressure
may have been influenced by publication bias and may not be as
strong or have the public health importance originally ascribed to
it.® The results also do not exclude an important role for fetal
factors at a population level operating through pathways other
than blood pressure. Several previous studies have shown
positive ecological correlations between infant mortality early in
the 20th century and cardiovascular disease (particularly stroke)
both within and between countries.>~* The results of our present
analyses suggest that such relations are not mediated through
blood pressure, which was inversely related to IMR. This suggests
that other causal pathways (for example, involving childhood
infection) might be important.2 Alternatively, the pattern of
relationships between infant mortality and blood pressure may
not be the same for subjects born in the 1960s as was the case in
earlier years.

It is not possible from the current analyses to explain why
higher mean blood pressure levels are correlated with higher
mean birthweight and with lower IMRs. The explanation may
well lie in the strong correlations between birthweight, IMR,
and post-natal factors. IMR showed strong negative correlations
with BMI and nutritional markers in adult life (particularly
alcohol intake and sodium intake); birthweight showed strong
positive correlations with these factors and with adult height.
The complete disappearance of the positive relation between
birthweight and blood pressure after adjustment for height
would be consistent with a post-natal explanation for the
direction of these associations. Such an explanation would also
be consistent with the results of studies examining the effect of
migration on blood pressure, which have generally pointed to
the dominant influence of the post-migration environment
(usually in practice the adult environment) on population blood
pressure levels in adult life. 1423

KEY MESSAGES

What do we know?

hypothesis to these variations remains unknown.

What does this paper add?

mortality rates.

of between-population differences in blood pressure.

in adult life.

e Low birthweight has been related to higher mean blood pressure in individuals.

e Although there are marked variations in mean blood pressure between populations, the contribution of the fetal origins

e Higher population mean blood pressure levels in adulthood are correlated with higher mean birthweight and lower infant

e The directions of these associations do not suggest that exposures related to the fetal origins hypothesis are major determinants

e It is likely that post-natal rather than prenatal factors are the most important determinants of population blood pressure levels
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