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Studies on placental size and cardiovascular disease have shown inconsistent results. We followed 10,503 men and women born in Uppsala,
Sweden, 1915–1929 from 1964 to 2008 to assess whether birth characteristics, including placental weight and placenta/birth weight ratio, were
predictive of future ischaemic heart disease (IHD). Adjustments were made for birth cohort, age, sex, mother’s parity, birth weight, gestational age
and social class at birth. Placental weight and birth weight were negatively associated with IHD. The effect of placental weight on IHDwas stronger
in individuals from medium social class at birth and in those with low education. Men and women from non-manual social class at birth had the
lowest risk for IHD as adults. We conclude that low foetal growth rate rather than placental weight was more predictive of IHD in the Swedish
cohort. However, the strong effect of social class at birth on risk for IHD did not appear to be mediated by foetal growth rate.
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Introduction

The foetal origin hypothesis suggests that prenatal environ-
mental factors such as undernutrition during critical periods of
development causes permanent changes in foetal physiology
and this leads to increased risk for chronic disease in later life.1,2

Foetal growth is reliant on nutrients and oxygen,3 and the
placenta plays an essential role in the transfer of nutrients from
mother to baby. This transfer is dependent on placental size,
form and structure; blood supply; and transporter abundance.4

Consequently, maternal undernutrition can impair foetal
growth by impairing placental development and function.2,4,5

Extensive research has shown that low birth weight is
associated with cardiovascular disease later in life.6 Placental
size has also been associated with future cardiovascular
disease.7–11 These studies have found low placental weight,7,8

small placental surface area,9,10 ovality of placental surface,10

large placenta in relation to birth weight10 or a thin placenta11

to be associated with higher risk for cardiovascular disease in
the offspring. Moreover, studies using the Helsinki Birth
Cohort have shown the effect of placental size on cardiovascular
disease and its risk factors may differ according to maternal
height and family socio-economic position, both considered as
indicators of maternal nutrition,9,10,12 with stronger effects in
individuals whose mothers were below average height or from
low socio-economic backgrounds.9,12

To the best of our knowledge, no studies have been
conducted on the Swedish population investigating placental

weight and its association with cardiovascular disease in middle
or old age. The objective of the study is to examine the
association of placental weight and other birth characteristics
with ischaemic heart disease (IHD) in adulthood in Swedish
men and women.

Methods

Sample

The study participants were from the Uppsala Birth Cohort
Multigenerational Study (UBCoS Multigen). The original
cohort comprised of all live births from Uppsala University
Hospital, Sweden, between 1915 and 1929. Deaths and emi-
grations were traced from Parish records until register data
became available in the 1960s; Parish records had almost 98%
completeness of follow-up. There were 14,192 live births in
the initial cohort and the study population was restricted to
singleton births (n = 13,748). Of these, 11,580 men and
women were still alive and residing in Sweden in 1964 when
follow-up commenced. Our final analytical sample included
10,503 individuals (complete cases for all variables used in the
study, 52%men). Additional analyses involving own education
commenced follow-up in 1970 and had a study population of
10,010 individuals.

Variables

Our main exposure variables were birth weight, placental
weight and placenta/birth weight ratio. Birth characteristics
(birth weight, birth weight standardized for gestational age
(z-score), placental weight, gestational age), year of birth, mater-
nal age at birth and parity were derived from obstetric records.
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Social class at birth was based on the father’s occupation, and
if single the mother’s occupation. Data were obtained from
archived obstetric records and consisted of seven categories: high
and intermediate non-manual; farmers and entrepreneurs; low
non-manual; skilled manual; unskilled manual (production);
unskilled manual (service); and house daughters (unmarried
women living in their parents’ home). Social class categories were
later classified into three groups for a stratified analysis: high
(higher and intermediate non-manual, entrepreneurs and
farmers), medium (lower non-manual, skilled manual) and low
(unskilled manual, house-daughters). Data on own educational
attainment were obtained from the 1970 Census and grouped
into three categories: low (less than upper-secondary education),
medium (upper-secondary schooling) and high (any post-
secondary education).

Incident IHD was defined as the first recorded hospitalization
or death with IHD diagnosis among the main or contributing
diagnoses. Data were obtained from the Hospital Discharge
Registry and the Causes of Death Register. The following Inter-
national Classification of Diseases (ICD) codes were used to
define IHD: ICD-7 (420); ICD-8 and ICD-9 (410–414); and
ICD-10 (I20–I25).

Statistical methods

Descriptive statistics and Cox proportional hazards models
were carried out using STATA Version 11. Follow-up com-
menced on 1 January 1964 and continued until diagnosis with
IHD, emigration, death or until 31 December 2008 (end of
follow-up). To control for possible cohort effects, birth years
were divided into three groups (1915–1919, 1920–1924 and
1925–1929). Birth cohort, age and sex were adjusted for in all
models. Analyses were also adjusted for parity, gestational age,
early life and adult social characteristics, and mutually adjusted
for other main exposure variables in a series of hierarchical
models. The term ‘foetal growth rate’ was used when birth
weight was adjusted for gestational age. The category limits for
placental weight and placenta/birth weight ratio were based on
limits used in previous studies.9–11

Results

Table 1 presents the characteristics of the sample and the
rates of IHD stratified by sex. Incidence IHD occurred at a
rate of 1286 cases per 100,000 person-years in men (95%
CI 1233–1339) and 724 cases per 100,000 person-years in
women (95% CI 686–763) during the follow-up period from
1 January 1964 to 31 December 2008.

Birth weight and placental weight were positively correlated
(r = 0.58, P< 0.001), with an average increase in birth weight
of 207 g (95% CI 201–212) per 100 g increase in placental
weight. Of the exposure variables, only social class at birth and
gestational age were not significantly different between sexes.

Sex and mother’s parity were independently associated with
IHD. Women had half the risk compared with men (HR 0.47,

95% CI 0.44–0.51), and participants whose birth order was
three or more also had increased risk for IHD (HR 1.12, 95%
CI 1.04–1.21) compared with those who were first born.
Table 2 presents the hazards ratios for IHD by placental

weight (g), placenta/birth weight ratio, birth weight (kg) and
social class at birth. A negative linear trend was observed
between placental weight and IHD (P< 0.05) after adjustment
for birth cohort, age, sex and parity; however, the effect of
placental weight on future IHD was primarily mediated by
foetal growth rate. In contrast, placenta/birth weight ratio
showed no evidence of a significant association with IHD in
our cohort.
Birth weight was negatively associated with IHD (Table 2);

the hazard ratio for 1 kg increase in birth weight was 0.88 (95%
CI 0.83–0.94) for IHD after adjustment with birth cohort, age
and sex. Similarly, birth weight standardized for gestational age
(z-score) was inversely associated with IHD. After adjustment
for birth cohort, age and sex, the hazard ratio per one standard
deviation increase in birth weight for gestational age was 0.92
(95% CI 0.89–0.95) for IHD. The effect did not change after
further adjustments for parity, social class at birth and placental
weight (HR 0.91, 95% CI 0.87–0.94).
Social class at birth was significantly associated with IHD

(P< 0.05) (Table 2). Individuals from all social class groups,
except those from low non-manual backgrounds, had increased
risk for IHD compared with individuals from a high and inter-
mediate non-manual social class. In further analyses, the effect of
social class at birth on future IHD was largely mediated by own
education (Supplementary Table S1); the association attenuated
across all social classes, and significance remained only for
men and women whose mothers were house-daughters in the
mutually adjusted model with placenta/birth weight ratio.
Tests for statistical interaction of sex and birth weight, sex

and placental weight, and sex and placental weight/birth weight
ratio in their effects on IHD were non-significant.
In addition, analyses stratified by social class at birth, asso-

ciations of placental weight with risk of IHD were found
in some social groups (Supplementary Table S2). Among
individuals from a medium social class, a negative association
between placental weight and IHD was seen after adjustment
with birth cohort, age and sex (linear trend P = 0.005). There
was also a borderline negative association between placental
weight and IHD among those from low social class after
adjustment for birth cohort, age, sex and parity (linear trend
P = 0.06). However, no association was observed between
placental weight and IHD in individuals from high social class.
Test for statistical interaction of social class and placental
weight in their effect on IHD was significant (P< 0.01).
Interestingly, in the analyses stratified by the highest level of

own education, a negative association of placental weight with
IHD was only observed in men and women with low education
(Supplementary Table S3). In these individuals, those with a
placental weight⩽550 g had the highest risk for IHD in later life.
Test for statistical interaction between placental weight and own
education in their effect on IHD was non-significant (P = 0.93).
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Table 1. Characteristics of study participants born in Uppsala, Sweden, 1915–1929, and the rates of incident ischemic heart disease (IHD) from 1 January 1964 to 31 December 2008 (n = 10,503)

Characteristics of the sample Rates of IHD

Males (n = 5455) Females (n = 5048) Males Females

n/Mean
(S.D.)

Percentage/
range

n/Mean
(S.D.)

Percentage/
range P-value Number of cases Rate per 100,000 95% CI Number of cases Rate per 100,000 95% CI

Social class at birth
High non-manuala 482 8.8 422 8.4 174 1085 935–1259 96 598 490–731
Entrepreneurs and farmers 1009 18.5 870 17.2 437 1296 1180–1425 242 741 654–841
Low non-manual 373 6.8 343 6.8 157 1347 1152–1575 84 664 536–822
Skilled manual 762 14.0 750 14.9 323 1330 1192–1483 185 667 577–770
Unskilled manual, production 1504 27.6 1390 27.5 612 1277 1179–1382 384 755 683–834
Unskilled manual, service 1036 19.0 981 19.4 434 1310 1192–1439 280 775 689–871
House-daughters 289 5.3 292 5.8 0.44b 125 1359 1141–1620 80 757 608–942

Birth weight (g) 3526 (500) 1080–5300 3398 (502) 1180–5400 < 0.001c

⩽2500 128 2.4 216 4.3 52 1271 968–1668 62 775 604–994
2501–3000 624 11.4 803 15.9 284 1429 1272–1605 245 834 736–945
3001–3500 1910 35.0 1996 39.5 807 1318 1230–1412 531 717 659–781
3501–4000 1959 35.9 1538 30.5 816 1289 1203–1380 370 649 586–719
>4000 834 15.3 495 9.8 < 0.001b 303 1104 987–1236 143 784 666–924

Gestational age (weeks) 39.5 (2) 29–47 39.6 (2) 28–47 0.11c

Placental weight (g) 666 (138) 240–1400 657 (143) 130–1640 < 0.001c

⩽550 1204 22.1 1207 23.9 516 1344 1233–1465 356 799 720–887
551–650 1549 28.4 1520 30.1 656 1320 1222–1425 398 705 639–777
651–750 1423 26.1 1227 24.3 577 1249 1151–1355 322 711 638–793
> 750 1279 23.5 1094 21.7 0.004b 513 1232 1130–1343 275 682 606–768

Placental weight/birth weight ratio (%) 19.0 (3.4) 7.5–47.2 19.4 (3.6) 3.5–64.4 < 0.001c

⩽16.5 1244 22.8 968 19.2 521 1309 1201–1427 266 741 657–836
16.5–18.5 1379 25.3 1187 23.5 572 1281 1180–1391 308 703 629–786
18.5–20.5 1260 23.1 1218 24.1 515 1273 1168–1388 343 758 682–843
>20.5 1572 28.8 1675 33.2 < 0.001b 654 1281 1186–1383 434 704 641–773

aIncludes intermediate non-manual social class.
bPearson χ2 test.
cT-test.
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Table 2. The effect of social class at birth, birth weight, placental weight and placenta/birth weight ratio on future ischemic heart disease (IHD) in Swedish men and women born 1915–1929 and followed
from 1961–2009 (n = 10,551)

Exposure
Model 1 HR
(95% CI)

Model 2 HR
(95% CI)

Model 3 HR
(95% CI)

Model 4a HR
(95% CI)

Model 4b HR
(95% CI)

I Social Class
High non-manual(reference)a 1 1 1 1 1
Entrepreneur/farmers 1.23 (1.07–1.41)** 1.19 (1.03–1.37)* 1.20 (1.04–1.38)* 1.20 (1.04–1.38)* 1.20 (1.04–1.38)*
Low non-manual 1.17 (0.98–1.39) 1.15 (0.97–1.37) 1.16 (0.97–1.38) 1.15 (0.97–1.37) 1.16 (0.97–1.38)
Skilled manual 1.20 (1.04–1.39)* 1.18 (1.01–1.36)* 1.17 (1.01–1.36)* 1.17 (1.01–1.35)* 1.17 (1.01–1.36)*
Unskilled manual, production 1.25 (1.09–1.43)** 1.23 (1.07–1.40)** 1.22 (1.06–1.39)** 1.21 (1.06–1.39)** 1.22 (1.06–1.39)**
Unskilled manual, service 1.25 (1.09–1.44)** 1.26 (1.10–1.45)** 1.26 (1.09–1.45)** 1.26 (1.09–1.45)** 1.26 (1.09–1.45)**
House-daughters 1.31 (1.09–1.57)** 1.38 (1.15–1.66)** 1.37 (1.14–1.65)** 1.37 (1.14–1.64)** 1.37 (1.14–1.65)**
P-valueb 0.04 0.02 0.02 0.02 0.02

II Birth weight (kg) 0.88 (0.83–0.94)*** 0.86 (0.80–0.92)*** 0.81 (0.76–0.87)*** 0.80 (0.74–0.87)*** 0.82 (0.76–0.88)***
III Placental weight (g)

⩽550 (reference) 1 1 1 1 –

551–650 0.94 (0.86–1.03) 0.93 (0.85–1.02) 0.99 (0.90–1.08) 0.99 (0.90–1.09) –

651–750 0.92 (0.83–1.01) 0.90 (0.82–0.99)* 0.99 (0.89–1.09) 0.99 (0.89–1.09) –

>750 0.93 (0.84–1.03) 0.91 (0.82–1.00) 1.05 (0.93–1.17) 1.05 (0.93–1.17) –

P-valueb 0.28 0.14 0.63 0.65
P-valuec 0.12 0.04* 0.47 0.48

IV Placenta weight/birth weight ratio (%)
⩽16.5 (reference) 1 1 1 – 1
16.5–18.5 0.98 (0.89–1.08) 0.98 (0.89–1.08) 0.99 (0.90–1.09) – 0.99 (0.90–1.09)
18.5–20.5 1.03 (0.93–1.13) 1.03 (0.94–1.14) 1.04 (0.94–1.14) – 1.04 (0.94–1.14)
>20.5 1.02 (0.93–1.12) 1.02 (0.93–1.12) 1.02 (0.93–1.12) – 1.02 (0.93–1.12)
P-valueb 0.74 0.68 0.80 0.82
P-valuec 0.46 0.41 0.55 0.55

Model 1: Exposures I, II, III and IV adjusted for birth cohort, age, sex.
Model 2: Exposures I, II, III and IV adjusted for birth cohort, age, sex, parity.
Model 3: Exposures I, III and IV adjusted for birth cohort, age, sex, parity, birth weight (kg), gestational age (weeks); Exposure II adjusted for birth cohort, age, sex, parity, gestational age.
Model 4a: Mutual adjustment of social class (exposure I), birth weight (exposure II) and placental weight (exposure III), plus birth cohort, age, sex, parity, gestational age.
Model 4b: Mutual adjustment of social class (exposure I), birth weight (exposure II) and placenta/birth weight (exposure IV), plus birth cohort, age, sex, parity, gestational age.
aIncludes intermediate non-manual social class.
bTest for heterogeneity.
cTest for linear trend.
*Significance at the 5% level (P< 0.05); **significance at the 1% level (P< 0.01); ***significance at the 0.1% level (P< 0.001).
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Discussion

Summary of findings

A negative linear trend was observed between placental weight
and IHD after adjustment for birth cohort, age, sex and parity,
and the association appeared to be mediated by foetal growth
rate. In the analysis stratified by social class at birth, a negative
association between placental weight and IHD was observed
among individuals from medium social class after adjustment
for birth cohort, age and sex. Similarly, a negative association
between placental weight and IHD was found for individuals
who had a low education. Placenta/birth weight ratio showed
no evidence of a significant association with IHD in our cohort.

Individuals from all social classes at birth, except from low
non-manual backgrounds, had increased risk for IHD compared
with individuals from a high and intermediate non-manual social
class, with those from the lowest social backgrounds (unskilled
manual workers and house-daughters) having the highest risk,
and this association was largely mediated by own education
rather than by foetal growth rate. Birth weight and birth weight
standardized for gestational age were also negatively associated
with IHD but did not seem to mediate the effects of social class
at birth.

Methodological considerations

A key strength of our study was using a large well-established
historical longitudinal cohort with very good completeness
of follow-up; UBCoS Multigen Study provided us with the
opportunity to observe individuals from birth to very old age.
We were also able to extend previous studies investigating the
association between birth characteristics and IHD, which had
considerably shorter follow-up periods and lower statistical
power.13,14 Moreover, it is unlikely that we had misclassified
placental weight and other birth size indicators, because all were
measured in the same hospital where midwives would adhere to
standardized measurement methods.

In contrast, we were unable to measure placental surface area
or placental thickness, such as in recent Finnish studies, which
found an association with these exposures and cardiovascular
disease;9–11 these data were not recorded in the obstetric
records from Uppsala University Hospital. Neither were we
able to relate placental size to mother’s height or weight in our
Swedish data.

Comparison with other studies

Although a number of studies have found no association between
placental weight and future hypertension15,16 or cardiovascular
disease,9,11,17 our overall findings provide some evidence of a
negative association between placental weight and IHD. Earlier
studies that observed an inverse association between placental
weight and future hypertension12,18,19 or cardiovascular disease8

in offspring include two British cross-sectional surveys investi-
gating birth size and blood pressure in children born in the
1980s;18,19 a retrospective cohort study on 2033 individuals born

in Beijing between 1921 and 1954 and followed up for coronary
heart disease between 2002 and 2004;8 and a study on men and
women from the Helsinki Birth Cohort born between 1934 and
1944 examining placental surface area and future hypertension.12

Interestingly, in the original study that explored the association of
placental weight and blood pressure, Barker et al. found a positive
relationship between placental weight and blood pressure in
adults born in Preston, UK.20

Social class at birth may be reflective of maternal nutrition
during pregnancy; infants from lower socio-economic back-
grounds have on average lower birth weight compared with
those from more advantaged backgrounds,21 possibly as
a consequence of poor maternal diet during pregnancy. As
placental weight and birth weight are positively correlated,5

and our own results on birth weight and IHD add to the
overwhelming evidence that individuals with impaired foetal
growth are at increased risk for cardiovascular disease in later
life,6 we expected to see a negative association between
placental weight and IHD in our study. Placental weight was
negatively and statistically significantly associated with IHD
after adjustment for birth cohort, age, sex and mother’s parity.
Furthermore, the negative relationship between placental
weight and IHD was seen among men and women with low
educational attainment and in individuals from medium social
class at birth in particular.
In a series of studies using participants from the Helsinki

Birth Cohort, the combination of low placental size and low
childhood socio-economic position predicted future cardio-
vascular disease and its risk factors.9,12,22 Barker et al.9 found a
negative linear association between placental weight and
chronic heart failure only among individuals whose fathers were
manual workers, and in yet another study22 individuals with
low placental weight and from low socio-economic back-
grounds had an increased risk for hypertension that was not
observed in other social groups. Furthermore, Barker et al.12

found a significant interaction between mother’s height, a
proxy for maternal nutrition, and both placental surface area
and lesser placental diameter in their effects on hypertension.
The authors concluded that effects of placental size on hyper-
tension depend on mother’s body size and socio-economic
status. Although we could not explore interactions with
mother’s body size, our findings of a negative association
between placental weight and IHD in those from the medium
social group and among low educated are consistent with the
Finnish findings.
We speculate that systematic differences in maternal under-

nutrition during pregnancy may explain some inconsistent
findings in the relationship between placental weight and car-
diovascular disease between studies. For example, participants
from the Helsinki Birth Cohort were born between 1934 and
1944,9–12 a period where there were food shortages because
of an agriculture depression and World War II, and these
food shortages may have been more severe in those from low
socio-economic backgrounds. In contrast, our cohort was born
when Sweden was prospering because of industry expansion.
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This may have allowed most mothers to have adequate
nutrition during pregnancy, thus decreasing their offspring’s
chronic disease risk in adulthood. A higher mean birth weight
and a higher mean placental weight in our Swedish sample
compared with those reported from the Finnish Birth
Cohort11,12 supports our hypothesis.

A systematic review evaluating the association between
socio-economic circumstances during childhood and risk for
cardiovascular disease in adult life supported our findings
that those from more socially disadvantaged backgrounds
in childhood have greater risk for cardiovascular disease in
adulthood.23 A likely mechanism is the continuity of socio-
economic conditions and social differences in health behaviours
across the life course with effects on cardiovascular risk factors,
such as smoking, overweight or obesity, dyslipidaemia and
insulin resistance.

In summary, we found a negative linear association between
placental weight and IHD in our cohort after adjustment
for birth cohort, age, sex and parity. Consistent with earlier
studies, an increased risk for IHD was also observed in men,
among individuals from lower social class at birth and in those
with low foetal growth rate. We believe that impaired foetal
growth rather than placental size per se is predictive of future
IHD. However, the variation in size at birth does not appear to
mediate the sizeable long-term effect of social class at birth on
risk for IHD in adult men and women.
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